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Foreword 

This document (EN 1991-1-1 :2002) has been prepared by Technical Comn1ittee 
CEN/TC 250 "Structural Eurocodes", the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by 
publication of an identical text or by endorsement, at the latest by October 2002, and 
conflicting national standards shall be withdrawn at the latest by March 2010. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

This document supersedes ENV 1991-2-1: 1995. 

The annexes A and B are informative. 

According to the CEN/CENELEC Internal Regulations, the national standards 
organizations of the following countries are bound to implement this European 
Standard: Austria, Belgium, Czech Republic, Denmark, Finland, France, Gern1any, 
Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, 
Spain, Sweden, Switzerland and the United Kingdom. 

Background of the Eurocode progranlme 

In 1975, the Commission of the European Community decided on an action programme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
programlne was the elimination of technical obstacles to trade and the harmonisation of 
technical specifications. 

Within this action programn1e, the Commission took the initiative to establish a set of 
harn10nised technicallules for the design of construction works which, in a first stage, 
would serve as an alternative to the national rules in force in the Member States and, 
ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with 
Representatives of Member States, conducted the development of the Eurocodes 
programme, which led to the first generation of European codes in the 1980s. 

In 1989, the Commission and the Melnber States of the EU and EFTA decided, on the 
basis of an agreemene between the Commission and CEN, to transfer the preparation 
and the publication of the Eurocodes to CEN through a series of Mandates, in order to 
provide them with a future status of European Standard (EN). This links de Jacto the 
Eurocodes with the provisions of all the Council's Directives and/or Con1mission's 
Decisions dealing with European standards (e.g. the Council Directive 891106IEEC on 

I Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for the design of building and civil engineering works (BCICEN/03/89). 
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construction products - CPD and Council Directives 93/37/EEC, 92/50/EEC and 
89/440lEEC on public works and services and equivalent EFT A Directives initiated in 
pursuit of setting up the internal nlarket). 

The Structural Eurocode progranune con1prises the following standards generally 
consisting of a number of Parts: 

EN 1990 
EN 1991 
EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode: 
Eurocode 1: 
Eurocode 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 
Design of steel structures 
Design of composite steel and concrete structures 
Design of timber structures 
Design of masonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of aluminium structures 

Eurocode standards recognise the responsibility of regulatory authorities in each 
Member State and have safeguarded their right to determine values related to regulatory 
safety n1atters at national level where these continue to vary from State to State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFT A recognise that Eurocodes serve as reference 
docUlnents for the following purposes: 

as a Ineans to prove compliance of building and civil engineering works with the 
essential requirements of Council Directive 89/1 061EEC, particularly Essential 
Requirement N° 1 - Mechanical resistance and stability and Essential Requiren1ent 
N°2 - Safety in case of fire ; 

as a basis for specifying contracts for construction works and related engineering 
services; 

as a fratnework for drawing up harmonised technical specifications for constluction 
products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct 
relationship with the Interpretative Documents2 referred to in Article 12 of the CPD, 
although they are of a different nature fron1 harn10nised product standards'. Therefore, 
technical aspects arising from the Eurocodes work need to be adequately considered by 

') 

- According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and ET AGs/ET As. 

According to Art. 12 of the CPD the interpretative documents shall : 
a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes or levels 

for each requirement where necessary; 
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of calculation and 

of proof, technical rules for project design, etc. ; 
c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes, de facto, playa similar role in the field of the ER 1 and a part of ER 2. 
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CEN Technical Corrunittees and/or EOT A Working Groups working on product 
standards with a view to achieving full compatibility of these technical specifications 
with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use for 
the design of whole structures and component products of both a traditional and an 
innovative nature. Unusual forms of construction or design conditions are not 
specifically covered and additional expert consideration will be required by the designer 
in such cases. 

National Standards implementing Eurocodes 

The National Standards implen1enting Eurocodes will comprise the full text of the 
Eurocode (including any annexes), as published by CEN, which may be preceded by a 
National title page and National foreword, and may be followed by a National annex. 

The National annex Inay only contain information on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Determined Parameters, 
to be used for the design of buildings and civil engineering works to be constructed in 
the country concerned, i.e. : 
- values and/or classes where alternatives are given in the Eurocode, 
- values to be used where a symbol only is given in the Eurocode, 

country specific data (geographical, climatic, etc.), e.g. snow nlap, 
the procedure to be used where alternative procedures are given in the Eurocode;-. 

It may also contain 
decisions on the application of informative annexes, 
references to non-contradictory complenlentary information to assist the user to 

apply the Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and 
ETAs) for products 

There is a need for consistency between the harmonised technical specifications for 
construction products and the technical rules for works4

• Furthermore, aU the 
information accompanying the CE Marking of the construction products which refer to 
Eurocodes should clearly Inention which Nationally Determined Parameters have been 
taken into account. 

Additional information specific for EN 1991-1-1 

EN 1991-1-1 gives design guidance and actions for the structural design of buildings 
and civil engineering works, including the following aspects: 
- densities of construction materials and stored materials; 

self-weight of construction elements, and 
imposed loads for buildings. 

4 see Art.3.3 and Art. 12 of the CPO, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID I. 
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EN 1991-1-1 is intended for clients, designers, contractors and public authorities. 

EN 1991-1-1 is intended to be used with EN 1990, the other Parts of EN 1991 and EN 
1992 to EN 1999 for the design of structures. 

National annex for EN 1991-1-1 

This standard gives alternative procedures, values and recommendations for classes with 
notes indicating where National choices have to be made, therefore the National 
Standard in1plementing EN 1991 1-1 should have a National Annex containing all 
Nationally Determined Parameters to be used for the design of buildings and civil 
engineering works to be constructed in the relevant country. 

National choice is allowed in EN 1991-1-1 through: 

- 2.2(3), 
5.2.3(1) to 5.2.3(5), 
6.3.1.1(1)P (Table 6.1), 
6.3.1.2(1)P (Table 6.2), 

- 6.3.1.2(10) & (11), 
- 6.3.2.2 (1)P (Table 6.4), 

6.3.3.2(1) (Table 6.8), 
- 6.3.4.2(1) (Table 6.l0) 
- 6.4 (1) (Table 6.12) 
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Section 1 General 

1.1 Scope 

(l) EN 1991-] I gives design guidance and actions for the structural design of buildings 
and civil engineering works including S01l1e geotechnical aspects for the following 
subjects: 

Densities of construction materials and stored materials; 

Self-weight of construction works; 

Imposed loads for buildings. 

(2) Section 4 and Annex A give nominal values for densities of specific building 
materials, additional materials for bridges and stored materials. In addition for specific 
materials the of repose is provided. 

(3) Section 5 provides methods for the assessment of the characteristic values of self
weight of construction works. 

(4) Section 6 gives characteristic values of imposed loads for floors and roofs according 
to category of use in the following areas in buildings: 

residential, social, commercial and administration areas; 
CT'A1",::! CTP and vehicle traffic areas; 
areas for storage and industrial activities; 
roofs; 
helicopter landing areas. 

(5) The loads on traffic areas in Section 6 refer to vehicles up to a gross vehicle 
weight of 160 kN. The design for traffic areas for heavy vehicles of more than 160 kN 
gross weight needs to be agreed with the relevant authority. Further inforn1ation may be 
obtained from EN 1991-2. 

(6) For barriers or walls having the function of barriers, horizontal forces are given in 
Section 6. Annex B gives additional guidance for vehicle barriers in car parks. 

NOTE Forces due to vehicle impact are specified in EN 1991-1-7 and EN 1991-2. 

(7) For the design situations and effects of actions in silos and tanks caused by water or 
other material s see EN 1991-3. 
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1.2 Normative References 

This European Standard incorporates by dated or undated reference provisions from other 
publications. These normative references are cited at the appropriate places in the text and 
the publications are listed hereafter. For dated references, subsequent amendn1ents to, or 
revisions of, any of these publications apply to this European Standard only when 
incorporated in it by amendment or revision. For undated references the latest edition of 
the publication referred to applies (including amendments). 

NOTE 1 The Eurocodes were published as European Prestandards. The following European Standards 
which are published or in preparation are cited in normative clauses: 

EN 1990 
EN 1991-1-7 

EN 1991-2 
EN 1991-3 

EN 1991-4 

Eurocode : Basis of Structural Design 
Eurocode 1: Actions on structures: Part 1-7: Accidental actions from 
impact and explosions 
Eurocode 1: Actions on structures: Part 2:Traffic loads on bridges 
Eurocode 1: Actions on structures: Part 3: Actions induced by cranes 
and machinery 
Eurocode 1: Actions on structures: Part 4: Actions in silos and tanks 

NOTE 2 The Ellrocodes were published as European Prestandards. The following European Standards 
which are published or in preparation are cited in NOTES to normative clauses: 

Eurocode 1: Actions on structures: Part 1-3: Snow loads 
Eurocode 1: Actions on structures: Part 1-4: Wind actions 

EN 1991-1-3 
EN 1991-1-4 
EN 1991-1-6 Eurocode 1 : Actions on structures: Part 1-6: Actions during execution 

1.3 Distinction between Principles and Application Rules 

(l) Depending on the character of the individual clauses, distinction is made in this Part 
between Principles and Application Rules. 

(2) The Principles comprise: 

general statements and definitions for which there is no alternative, as well as 
requirements and analytical models for which no alternative is permitted unless 
specifically stated. 

(3) The Principles are identified by the letter P following the paragraph number. 

(4) The Application Rules are generally recognised rules which comply with the 
Principles and satisfy their requirements. 

(5) It is permissible to use alternative design rules different from the Application Rules 
gi ven in EN 1991-1-1 for works, provided that it is shown that the alternative rules 
accord with the relevant Principles and are at least equivalent with regard to the 
structural safety, serviceability and durability which would be expected when using the 
Eurocodes. 

NOTE If an alternative design rule is substituted for an Application Rule, the resulting design cannot be 
claimed to be wholly in accordance with EN 1991-1-1 although the design will remain in accordance with 
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the Principles of EN 1991-] - J. When EN 1991-1-1 is used in respect of a property listed in an Annex Z of 
a product standard or an ETAG, the use of an alternative design rule may not be acceptable for CE 
marking. 

(6) In this Part the Application Rules are identified by a number in brackets, e.g. as this 
clause. 

1.4 Terms and definitions 

For the purposes of this European Standard, the terms and definitions given in ISO 
2394, ISO 3898, ISO 8930 and the following apply. Additionally for the purposes of this 
standard a basic list of terms and definitions is provided in EN 1990, 1.5. 

1.4.1 
bulk weight density 
the bulk weight density is the overall weight per unit volun1e of a material, including a 
normal distribution of n1icro-voids, voids and pores 

NOTE: In everyday usage this term is frequently abbreviated to "densi ty" (which is strictly mass per unit 
volume). 

1.4.2 
angle of repose 
the angle of repose is the angle which the natural slope of the sides of a heaped pile of 
loose material makes to the horizontal 

1.4.3 
gross weight of vehicle 
the gross weight of a vehicle includes the self-weight of the vehicle together with the 
Dlaximum weight of the goods it is permitted to carry 

1.4.4 
structural elenlents 
stluctural elements comprise the primary structural frame and supporting structures. For 
bridges, structural elements comprise girders, structural slabs and elements providing 
support such as cable stays 

1.4.5 
non structural elements 
non structural elements are those that include completion and finishing elements 
connected with the structure, including road surfacing and non-structural parapets. They 
also include services and machinery fixed permanently to, or within, the structure 

10 



1.4.6 
partitions 
non load bearing walls 

1.4.7 
movable partitions 

BS EN 1991-1-1:2002 
EN 1991-1-1:2002 (E) 

movable partitions are those which can be moved on the flOOf, be added or renl0ved or 
re-built at another place 

1.5 Symbols 

(I) For the purposes of this European standard, the following symbols apply. 

NOTE The notation used is based on ISO 3898: 1997. 

(2) A basic list of sYlnbols is provided in EN 1990 clause 1.6 and the additional 
notations below are specific to this part of EN 1991. 

Latin upper case letters 

A loaded area 
Ao basic area 
Qk characteristic value of a variable concentrated load 

Latin lower case letters 

gk weight per unit area, or weight per unit length 
11 nun1ber of storeys 
qk characteristic value of a uniformly distributed load, or line load 

Lower case Greek letters 

aA reduction factor 
an reduction factor 
r bulk weight density 
tp dynamic magnification factor 
If/o factor for combination value of a variable action, see table A.I.I of EN 1990 
¢ angle of repose (degrees) 

11 



BS EN 1991-1-1:2002 
EN 1991-1-1:2002 (E) 

2.1 Self-weight 

Section 2 Classification of actions 

(1) The self-weight of construction works should be classified as a pernlanent fixed 
action, see EN 1990, 1.S.3 and 4.1.1. 

(2) Where this self-weight can vary in time, it should be taken into account by the upper 
and lower characteristic values (see EN 1990,4.1.2). However, in some cases where it is 
free (e.g. for lnovable partitions, see 6.3.1.2(8)), it should be treated as an additional 
inlposed load. 

NOTE This applies in particular when the "permanent" actions may be favourable. 

(3)P The loads due to ballast shall be considered as permanent actions and possible 
redistributions of ballast shall be taken into account in the design, see S.2.2 (1) and (2). 

(4)P The earth loads on roofs and terraces shall be considered as permanent actions. 

(S) With regard to 2.1(3)P and 2.1(4)P, the design should consider variations in 
1110isture content and variation in depth, that Inay be caused by uncontrolled 
accumulation during the design life of the structure. 

NOTE For detailed information on earth pressures see EN 1997. 

2.2 Imposed loads 

(l)P Imposed loads shall be classified as variable free actions, unless otherwise 
specified in this standard, see EN 1990, 1.S.3 and 4.1.1. 

NOTE For imposed loads on bridges see EN 1991-2. 

(2) When considering the accidental design situation where impact from vehicles or 
accidental loads from machines may be relevant, these loads should be taken from EN 
1991-1-7. 

(3) Imposed loads should be taken into account as quasi-static actions (see EN 1990, 
1.S.3.13). The load nlodels may include dynamic effects if there is no risk of resonance 
or other significant dynamic response of the structure, see EN 1992 to EN 1999. If 
resonance effects from syncronised rythmical movement of people or dancing or 
junlping nlay be expected, the load model should be determined for special dynamic 
analysis. 

NOTE The procedure to be used may be given in the National annex. 
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(4) When considering forklifts and helicopters, the additional loadings due to masses 
and inertial forces caused by fluctuating effects should be considered. These effects are 
taken into account by a dynamic magnification factor rp which is applied to the static 
load values, as shown in expression (6.3). 

(5)P Actions which cause significant acceleration of the structure or structural menlbers 
shall be classified as dynamic actions and shall be considered using a dynamic analysis. 
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3.1 General 

Section 3 Design situations 

(l)P The relevant permanent and imposed loads shall be determined for each design 
situation identified in accordance with EN 1990, 3.2. 

3.2 Pernlanent loads 

(1) The total self-weight of structural and non-structural members should be taken into 
account in combinations of actions as a single action. 

NOTE See EN J 990 Table Al.2 (B) Note 3. 

For areas where it is intended to remove or add structural or non-structural elements, 
the critical load cases should be taken into account in the design. 

(3) The self-weight of new coatings and/or distribution conduits that are intended to be 
added after execution should be taken into account in design situations (see 5.2). 

(4)P The water level shall be taken into account for the relevant design situations. 

NOTE See EN 1997. 

(5) The source and moisture content of bulk materials should be considered in design 
situations of buildings used for storage purposes. 

NOTE The values for the densities provided in Annex A are for materials in the dry state. 

3.3 Imposed loads 

3.3.1 General 

(l)P For areas which are intended to be subjected to different categories of loadings the 
design shall consider the most critical load case. 

(2)P In design situations when imposed loads act simultaneously with other variable 
actions (e.g actions induced by wind, snow, cranes or machinery), the total imposed 
loads considered in the load case shall be considered as a single action. 

(3) Where the number of load variations or the effects of vibrations may cause fatigue, a 
fatigue load model should be established. 

(4) For structures susceptible to vibrations, dynamic lllodeis of imposed loads should be 
considered where relevant. The design procedure is given in EN 1990 clause 5.1.3. 
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I§) (1) On roofs (particularly for category H roofs), ilnposed loads, need not be applied 
in combination with either snow loads and/or wind actions. @i] 

(2)P When the imposed load is considered as an accolnpanying action, in accordance 
with EN 1990, only one of the two factors lj/ (EN 1990, Table Al.1) and an (6.3.1.2 
(11)) shall be applied. 

(3) For dynamic loads caused by machinery see EN 1991-3. 

(4) The imposed loads to be considered for serviceability limit state verifications should 
be specified in accordance with the service conditions and the requirements concerning 
the perfornlance of the structure. 

15 



BS EN 1991-1-1:2002 

EN 1991-1-1:2002 (E) 

Section 4 Densities of construction and stored materials 

4.1 General 

(1) Characteristic values of densities of construction and stored materials should be 
specified. Mean values should be used as characteristic values. See however 4.1 (2) and 
4.1(3). 

NOTE Annex A gives mean values for densities and angles of repose for stored materials. When a range 
is given it is assumed that the mean value wil1 be highly dependent on the source of the material and may 
be selected considering each individual project. 

(2) For materials (e.g. new and innovative materials) which are not covered by the 
Tables in Annex A, the characteristic value of the density should be determined in 
accordance with EN 1990 clause 4.1.2 and agreed for each individual project. 

(3) Where materials are used with a significant scatter of densities e.g. due to their 
source, water content etc, the characteristic value of these densities should be assessed 
in accordance with EN 1990 clause 4.1.2. 

(4) If a reliable direct assessn1ent of the densities is carried out, then these values may be 
used. 

NOTE EN 1990 Annex D may be used. 
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Section 5 Self-weight of construction works 

5.1 Representation of actions 

(1) The self-weight of the construction works should in most cases, be represented by a 
single characteristic value and be calculated on the basis of the nominal dimensions and 
the characteristic values of the densities. 

(2) The self weight of the construction works includes the structure and non-structural 
elenlents including fixed services as well as the weight of earth and ballast. 

(3) Non-structural elements include: 
roofing; 
surfacing and coverings; 
partitions and linings; 
hand rails, safety barriers, parapets and kerbs; 
wall cladding; 
suspended ceilings 
thennal insulation; 
bridge furniture; 
fixed services (see 5.1.(4)). 

NOTE For information on fixed machinery see EN 1991-3. For other industrial equipment 
manufacturer shou1d be consu1ted. 

(4) Fixed services include: 
equipments for lifts and moving stairways; 
heating, ventilating and air conditioning equipnlent ; 
electrical equipment; 
pipes without their contents; 
cable trunking and conduits. 

safes) the 

(5)P Loads due to movable partitions shall be treated as imposed loads, see 5.2.2(2)P 
and 6.3.1.2(8). 

5.2 Characteristic values of self-weight 

5.2.1 General 

(I)P The deternlination of the characteristic values of self-weight, and of the dinlensions 
and densities shall be in accordance with EN 1990, 4.1.2. 

(2) Nominal dimensions should be those as shown on the drawings. 

5.2.2 Additional provisions for buildings 

( 1) For Inanufactured elenlents such as flooring systenls, facades and ceilings, lifts and 
equipment for buildings, data may be provided by the manufacturer. 
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(2)P For determining the effect of the self-weight due to movable partitions, an 
equivalent uniformly distributed load shall be used and added to the imposed load, see 
6.3.1.2 (8). 

5.2.3 Additional provisions specific for bridges 

(l) The upper and lower characteristic values of densities for non structural parts, such 
as ballast on railway bridges, or fill above buried structures such as culverts, should be 
taken into account if the material is expected to consolidate, become saturated or 
otherwise change its properties, during use. 

NOTE Suitable values may be given in the National annex. 

(2) The nominal depth of ballast on railway bridges should be specified. To determine 
the upper and lower characteristic values of the depth of ballast on railway bridges a 
deviation from the nonlinal depth of ± 30 % should be taken into account. 

NOTE A suitable value may be given in the National annex 

(3) To determine the upper and lower characteristic values of self-weight of 
waterproofing, surfacing and other coatings for bridges, where the variability of their 
thickness may be high, a deviation of the total thickness from the nominal or other 
specified values should be taken into account. Unless otherwise specified, this deviation 
should be taken equal to ± 20 % if a post-execution coating is included in the nominal 
value, and to + 40 % and - 20 % if such a coating is not included. 

NOTE Suitable specifications may be given in the National annex. 

(4) For the self-weight of cables, pipes and service ducts, the upper and lower 
characteristic values should be taken into account. Unless otherwise specified, a 
deviation from the mean value of the self-weight of ± 20 % should be taken into 
account. 

NOTE Suitable specifications may be given in the National annex. See also EN 1990,4.1.2(4) 

(5) For the self-weight of other non structural elenlents such as : 
hand rails, safety barriers, parapets, kerbs and other bridge funiture, 
joints/fasteners, 
void fonners, 

the characteristic values should be taken equal to the nonlinal values unless otherwise 
specified. 

NOTE Suitable specifications may be given in the National annex. An allowance for voids filling with 
water may be made depending on the project. 
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Section 6 Imposed loads on buildings 

6.1 Representation of actions 

(1) Inlposed loads on buildings are those arising from occupancy. Values given in this 
Section, include: 

nornlal use by persons; 
furniture and moveable objects (e.g. moveable partitions, storage, the contents of 
containers) ; 
vehicles; 
anticipating rare events, such as concentrations of persons or of furniture, or the 
moving or stacking of objects which may occur during reorganization or 
redecoration. 

(2) The imposed loads specified in this part are modelled by uniformly distributed loads, 
line loads or concentrated loads or combinations of these loads. 

(3) For the determination of the imposed loads, floor and roof areas in buildings should 
be sub-divided into categories according to their use. 

(4) Heavy equipment (e.g. in communal kitchens, radiology rOOlns, boiler rOOlns etc) are 
not included in the loads given in this Section. Loads for heavy equipment should be 
agreed between the client and/or the relevant Authority. 

6.2 Load arrangements 

6.2.1 Floors, beams and roofs 

(I)P For the design of a floor structure within one storey or a roof, the imposed load 
shall be taken into account as a free action applied at the most unfavourable part of the 
influence area of the action effects considered. 

(2) Where the loads on other storeys are relevant, they may be assulned to be distributed 
uniformly (fixed actions). 

(3)P To ensure a minimum local resistance of the floor structure a separate verification 
shall be performed with a concentrated load that, unless stated otherwise, shall not be 
conlbined with the uniformly distributed loads or other variable actions. 

(4) Imposed loads froIn a single category may be reduced according to the areas 
supported by the appropriate member, by a reduction factor aA according to 6.3.1.2( 10). 

6.2.2 Columns and walls 

1R1>(1) For the design of columns and walls, the imposed load should be placed at all 
unfavourable locations. 

NOTE The National Annex may introduce further simplifying rules. It is recommended that the 

maximum axial force may be calculated assuming the total imposed load on the floor of each story 

to be uniformly distributed.@j] 
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(2) Where imposed loads from several storeys act on colurnns and walls, the total 
imposed loads may be reduced by a factor an according to 6.3.1.2(11) and 3.3.1(2)P. 

6.3 Characteristic values of Inlposed Loads 

6.3.1 Residential, social, conlmercial and administration areas 

6.3.1.1 Categories 

(l)P Areas in residential, social, comrnercial and adn1inistration buildings shall be 
divided into categories according to their specific uses shown in Table 6.1. 

(2)P Independent of this classification of areas, dynamic effects shall be considered 
where it is anticipated that the occupancy will cause significant dynamic effects (see 
2.2(3) and (5)P). 
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Table 6.1 - Categories of use 

Category Specific Use Example 

A Areas for domestic and Rooms in residential buildings and houses; 
residential activities bedrooms and wards in hospitals; 

B Office areas 

c 

D 

Areas where people may 
congregate (with the 
exception of areas defined 
under category A, B, and 
D1») 

Shopping areas 

bedrooms in hotels and hostels kitchens and 
toilets. 

Cl: Areas with tables, etc. 
e.g. areas in schools, cafes, restaurants, dining 
halls, reading rOOlns, receptions. 

C2: Areas with fixed seats, 
e.g. areas in churches, theatres or cinemas, 
conference rooms, lecture halls, asselnbly 
halls, waiting rooms, railway waiting rooms. 

C3: Areas without obstacles for Inoving 
people, areas in InuseU111S, exhibition 
rooms, etc. and access areas in public and 
adnlinistration buildings, hotels, hospitals, 
railway station forecourts. 

C4: Areas with possible physical actIvities, 
e.g. dance halls, gymnastic rOOlns, stages. 

C5: Areas susceptible to large crowds, e.g. in 
buildings for pub] ic events like concert halls, 
sports halls including stands, terraces and 
access areas and railway platfornls. 
Dl: Areas in general retail shops 

D2: Areas in department stores 
I) Attention is drawn to 6.3.1.1 (2), in particular for C4 and C5. See EN 1990 when dynamic effects need to be 
considered. For Category E, see Table 6.3 
NOTE 1 Depending on their anticipated uses, areas likely to be categorised as C2, C3, C4 may be categorised 
as C5 by decision of the client and/or National annex. 

NOTE 2 The National annex may provide sub categories to A, B, Cl to C5, D I and D2 

NOTE 3 See 6.3.2 for storage or industrial activity 

6.3.1.2 Values of actions 

(l)P The categories of loaded areas, as specified in Table 6.1, shall be designed by using 
characteristic values qk (uniformly distributed load) and Qk (concentrated load). 
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NOTE Values for qk and Qk are given in Table 6.2 below. Where a range is in this table, the value 
may be set by the National annex. The recommended values, intended for separate application, are 
underlined. qk is intended for determination of effects and Qk for local effects. The National annex 
may define different conditions of use of this Table. 

Table 6.2 - Imposed loads on floors, balconies and stairs in buildings 

Categories of loaded areas 

Category A 
- Floors 
- Stairs 
- Balconies 

Category B 

Category C 
- Cl 
- C2 
- C3 

C4 
- C5 

category D 
Dl 

- D2 

1,5 toW 

2,0 to 

2,0 to},Q 
3,0 to 4,0 
3,Oto~ 

4,5 to~ 
to 7,5 

to 5,0 
4,0 to 

(2) Where necessary qk and Qk should be increased in the design 
balconies depending on the occupancy and on din1ensions). 

2,0 to 3,0 
Wt04,0 
2,0 to 3,0 

1,5 to 4,5 

3,0 to:L.Q 
to 7,0.c±m 

to 7,0 
to ZJ2 
to 

3,5 to 7,0 .c±m 
3,5 to L.Q 

for stairs and 

(3) For local verifications a concentrated load Qk acting alone should be taken into 
account. 

(4) For concentrated loads from storage racks or from lifting equipment, Qk should be 
determined for the individual case, see 6.3.2. 

(5)P The concentrated load shall be considered to act at any point on the floor, balcony 
or stairs over an area with a shape which is appropriate to the use and form of the floor. 

NOTE The shape may normally be assumed as a square with a width of 50 mm. See also 6.3.4.2(4) 

(6)P The vertical loads on floors due to traffic of forklifts shall be taken into account 
according to 6.3.2.3. 

(7)P Where floors are subjected to multiple use, they shall be designed for the most 
unfavourable category of loading which produces the highest effects of actions 
forces or deflection) in the member under consideration. 

(8) Provided that a floor allows a lateral distribution of loads, the self-weight of 
11lovable partitions may be taken into account by a uniformly distributed load qk which 
should be added to the imposed loads of floors obtained from Table 6.2. This defined 
unifonnly distributed load is dependent on the self-weight of the partitions as follows: 

for movable paIiitions with a self-weight s 1,0 kN/m wall length: qk =0,5 kN/m2
; 
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~- for movable partitions with a self-weight> 1::; 2,0 kN/n1 wall length: qk =0,8 kN/m2~ 

- for movable partitions with a self-weight> 2::; 3,0 kN/m wall length: qk kN/m2
. @il 

(9) Heavier partitions should be considered in the design taking account of: 
the locations and directions of the partitions; 
the structural forn1 of the floors. 

~(l0) In accordance with 6.2.1(4) a reduction factor aA may be applied to the qk values 
for imposed loads for floors (see Table 6.2 and subc1auses (8) and (9)) and for accessible 
roofs, Category I (see Table 6.9). @il 

~ NOTE 1 The recommended value for the reduction factor aA for categories A to D is determined as 
follows: @il 

5 Ao 
a A = -lfJO + -:::; 1,0 

7 A 
(6.1 ) 

with the restriction for categories C and D: 0,6 

where: 

'(/0 is the factor according to EN 1990 Annex Al Table A 1.1 

A 0 IO,Om2 

A is the loaded area 

NOTE 2 The National Annex may give an alternative method. 

(11) In accordance with 6.2.2(2) and provided that the area is classified according to 
table 6.1 into the categories A to D, for columns and walls the total imposed loads from 
several storeys may be multiplied by the reduction factor Un . 

NOTE 1 The recommended values for an are below. 

2 + (n - 2)fj/o (6.2) 
n 

where: 
n is the number of storeys (> 2) above the loaded structural elements from the same category. 
fj/() is in accordance with EN 1990, Annex AI, Table A1.1. 

NOTE 2 The National annex may give an alternative method. 
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6.3.2 Areas for storage and industrial activities 

6.3.2.1 Categories 

(l)P Areas for storage and industrial activities shall be divided into the two categories 
according to Table 6.3. 

Table 6.3 -Categories of storage and industrial use 

Category Specific use Example 

EI Areas susceptible to Areas for storage use including storage of 
accumulation of goods, books and other documents. 
including access areas 
Industrial use 

6.3.2.2 Values for Actions 

(l)P The loaded areas, categorized as specified in Table 6.3, shall be designed by using 
characteristic values qk (uniformly distributed load) and Qk (concentrated load). 

NOTE Recommended values for qk and Qk are in Table 6.4 below. The values may be changed if 
necessary according to the usage (see Table 6.3 and Annex A) for the particular project or by the National 
annex. qk is intended for determination of general effects and Qk for local effects. The National annex may 
define ditTerent conditions of use of Table 6.4. 

Table 6.4 • Imposed loads on floors due to storage 

Categories of loaded areas qk Qk 
[kN/m2

] [kN] 

Category El 7,5 7,0 

(2)P The characteristic value of the imposed load shall be the maxin1un1 value taking 
account of the dynamic effects if appropriate. The loading arrangement shall be defined 
so that it produces the most unfavourable conditions allowed in use. 

NOTE For transient design situations due to installation and reinstallation of machines, production units 
etc. guidance is given in EN 1991-1-6. 

(3) The characteristic values of vertical loads in storage areas should be derived by 
taking into account the density and the upper design values for stacking heights. When 
stored material exerts horizontal forces on walls etc., the horizontal force should be 
determined in accordance with EN 1991-4. 

NOTE See Annex A for densities. 

(4) Any effects of filling and emptying should be taken into account. 

(5) Loads for storage areas for books and other documents should be determined from 
the loaded area and the height of the book cases using the appropriate values for density. 
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(6) Loads in industrial areas should be assessed considering the intended use and the 
equipment which is to be installed. Where equipment such as cranes, moving 
machinery etc, are to be installed the effects on the structure should be detern1ined in 
accordance with EN 1991-3. 

(7) Actions due to forklifts and transport vehicles should be considered as concentrated 
loads acting together with the appropriate imposed distributed loads given in Tables 6.2, 
6.4. and 6.8. 

6.3.2.3 Actions induced by forklifts 

(1) Forklifts should be classified in 6 classes FL I to FL 6 depending on net weight, 
dimensions and hoisting loads, see Table 6.5. 

Table 6.5 - Dimensions of forklift according to classes FL 

Class of Net Hoisting Width of Overall Overall 
Forklift weight load axle width length 

[kN] [kN] a [m] b [m] l [m] 
FL 1 21 10 0,85 1,00 2,60 
FL2 31 15 0,95 1,10 3,00 
FL3 44 25 1,00 1,20 3,30 
FL4 60 40 1,20 1,40 4,00 
FL5 90 60 1,50 1,90 4,60 
FL6 110 80 1,80 2,30 5,10 

(2) The static vertical axle load Qk of a forklift depends on the forklift classes FL 1 to 
FL6 and should be obtained from Table 6.6. 

Table 6.6 - Axle loads of forklifts 

Class of forklifts Axle load Qk 

[kN] 
FL 1 26 
FL2 40 
FL3 63 
FL4 90 
FL5 140 
FL6 170 

(3) The static vertical axle load Qk should be increased by the dynamic factor (jJ using 
expression (6.3). 

(6.3) 

whre: 
Qk,dyn is the dynamic characteristic value of the action; 
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rp is the dynamic Inagnification factor; 
Qk is the static characteristic value of the action. 

(4) The dynatnic factor rp for forklifts takes into account the inertial effects caused by 
acceleration and deceleration of the hoisting load and should be taken as: 
rp = 1,40 for pneumatic tyres, 
rp = 2,00 for solid tyres. 

(5) For forklifts having a net weight greater than 110 kN the loads should be defined by 
a l1lore accurate analysis. 

(6) The vertical axle load Qk and Qk,dyn of a forklift should be arranged according to 
Figure 6.1. 

J 

0,2 

0,2 

Figure 6.1 - Dinlensions of forklifts 

(7) Horizontal loads due to acceleration or deceleration of forklifts may be taken as 
30 % of the vertical axle loads Qk. 

NOTE Dynamic factors need not be applied. 

6.3.2.4 Actions induced by transport vehicles 

(1) The actions fronl transport vehicles that move on floors freely or guided by rails 
should be determined by a pattern of wheel loads. 

(2) The static values of the vertical wheel loads should be given in terms of permanent 
weights and pay loads. Their spectra should be used to define combination factors and 
fatigue loads. 

(3) The vertical and horizontal wheel loads should be determined for the specific case. 

(4) The load arrangenlent including the dimensions relevant for the design should be 
determined for the specific case. 
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NOTE Appropriate load models from EN 1991-2 may be used where relevant. 

6.3.2.5 Actions induced by ~pecial devices for Inaintenance 

(1) Special devices for maintenance should be modelled as loads from transportation 
vehicles, see 

(2) The load arrangements including the dimensions relevant for the design should be 
determined for the specific case. 

6.3.3 Garages and vehicle traffic areas (excluding bridges) 

6.3.3.1 Categories 

(l)P Traffic and parking areas in buildings shall be divided into two categories 
according to their accessibility for vehicles as shown in Table 6.7. 

Table 6.7 - Traffic and parking areas in buildings 

Categories of traffic areas Specific Use Examples 

F Traffic and parking areas for garages; 
light vehicles (~ 30 kN gross parking areas, parking halls 
vehicle weight and ~ 8 seats 
not including driver) 

G Traffic and parking areas for access routes; delivery 
medium vehicles (>30 kN, ~ zones; zones accessible to 
160 kN gross vehicle weight, fire engines (~ 160 kN 
on 2 axles) vehicle weight) 

NOTE 1 Access to areas designed to category F should be limited by physical means built into the structure. 

NOTE 2 Areas designed to categories F and G should be posted with the appropriate warning signs. 

6.3.3.2 Values of actions 

(1) The load model which should be used is a single axle with a load Qk with 
dimensions according to Figure 6.2 and a uniformly distributed load qk. The 
characteristic values for qk and Qk are given in Table 6.8. 

NOTE qk is intended for determination of general effects and Qk for loeal effects. The National annex 
may define different conditions of use of this Table. 
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11 11 
[ [I}--- -rn J 

j£--l __ ----.:..1,8_0 __ ----.rl 
~ ~ 

NOTE For category F (see Table 6.8) the width of the square surface is 100 mm and for category G (see 
Table 6.8) the width of a square surface is 200 mm. 

Figure 6.2 - Dimensions of axle load 

Table 6.8 - Imposed loads on garages and vehicle traffic areas 

ategories of traffic areas 

Category F 
Gross vehicle weight: ~ 30 kN 

Category G 
30 kN < gross vehicle weight ~ 160 
kN 

5,0 

NOTE 1 For category F. qk may be selected within the range 1,5 to 2.5 kN/m2 and Qk may be selected 
within the range 10 to 20 kN. 

NOTE 2 For category G, Qk may be selected within the range 40 to kN. 

NOTE:3 Where a range of values are given in Notes 1 & 2, the value may be set by the National 
annex. 
The recommended values are underlined. 

(2) The axle load should be applied on two square surfaces with a 100 mm side for 
category F and a 200 mm side for Category G in the possible positions which will 
produce the most adverse effects of the action. 

6.3.4 Roofs 

6.3.4.1 Categories 

(l)P Roofs shall be categorised according to their accessibility into three categories as 
shown in Table 6.9. 
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Table 6.9 - Categorization of roofs 

Categories of Specific Use 
loaded area 

H Roofs not accessible except for normal maintenance and 
repair. 

I Roofs accessible with occupancy according to categories A to 
[§)G(§] 

K I ~~~fS accessible for special services, such as helicopter 
landing areas 

(2) Imposed loads for roofs of category H should be those given in Table 6.10. Imposed 
loads for roofs of category I are given in Tables 6.2, 6.4 and 6.8 according to the specific 
use. 

(3) The loads for roofs of category K which provide areas for helicopter landing areas 
should be for the helicopter classes He, see Table 6.11. 

6.3.4.2 Values of actions 

(I) For roofs of category H the minimum characteristic values Qk and qk that should be 
used are given in Table 6.10. They are related to the projected area of the roof under 
consideration. 
NOTE The values for qk in Table 6.12 may be chosen by the National Annex. The recommended 
values are underlined. 

Table 6.10 - Imposed loads on roofs of category H 

Roof qk Qk 
[kN/m2] [kN] 

NOTE 1 For category H qk may be selected within the range 0,00 kN/m2 to 1,0 kN/m2 and Qk may be 
selected within the range 0,9 kN to 1,5 kN. 

Where a range is given the values may be set by the National Annex. The recommended values are: 

qk = 0,4 kN/m2
, Qk = 1,0kN 

NOTE 2 qk may be varied by the National Annex dependent upon the roof slope. 

NOTE 3 qk may be assumed to act on an area A which may be set by the National Annex. The 
recommended value for A is 10 m2

, within the range of zero to the whole area of the roof. 

NOTE 4 See also 3.3.2 (1) 

(2) The minimum values given in Table 6.10 do not take into account uncontrolled 
accumulations of construction n1aterials that may occur during maintenance. 

NOTE See also EN 1991-1-6: Actions during execution. 

(3)P For roofs separate verifications shall be performed for the concentrated load Qk and 
the uniformly distributed load qk, acting independently. 
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(4) Roofs, other than those with roof sheeting, should be designed to resist 1,5 kN on an 
area based on a 50 mm sided square. Roof elements with a profiled or discontinuously 
laid surface, should be designed so that the concentrated load Qk acts over the effective 
area provided by load spreading arrangements. 

(5) For roofs of category K the actions from helicopters on landing areas should be 
determined in accordance with Table 6.11, and using the dynamic factors given in 
6.3.4.2 (6) and expression 6.3 

Table 6.11 - Imposed loads on roofs of category K for helicopters 

Class of Take-off load Q Take-off load Qk Dimension of 
Helicopter of helicopter the loaded area 

(mxm) 
HCI Q~ 20kN Qk = 20 kN 0,2 x 0,2 
HC2 20kN<Q~ 60kN Qk = 60 kN 0,3 x 0,3 

(6) The dynamic factor q; to be applied to the take off load Qk to take account of impact 
effects may be taken as qJ = 1,40. 

(7) Access ladders and walkways should be assumed to be loaded according to Table 
6.10 for a roof slope < 20°. For walkways which are part of a designated escape route, 
qk should be according to Table 6.2. For walkways for service a minimum characteristic 
value Qk of 1,5 kN should be taken. 

(8) The following loads should be used for the design of frames and coverings of access 
hatches (other than glazing), the supports of ceilings and silnilar structures: 
a) without access: no imposed load; 
b) with access: 0,25 kN/m2 distributed over the whole area or the area supported, 

and the concentrated load of 0,9 kN so placed so as to produce maximum 
stresses in the affected member. 

6.4 Horizontal loads on parapets and partition walls acting as barriers 

(1) The characteristic values of the line load qk acting at the height of the partition wall 
or parapets but not higher than 1,20 m should be taken from Table 6.12. 

~NOTE The values for qk in Table 6.12 may be chosen by the National Annex. The recommended 
values are underlined. 
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Table 6.12 - Horizolltalloads on partition walls and parapets 

Loaded areas 

Category A 

Category Band Cl 

Categories C2 -to C4 and D 

Category CS 

Category E 

Category F 

Category G 

qk 
[kN/m] 

See Annex B 

See Annex B 

NOTE 1 For categories A, Band Cl, qk may be selected within the range 0,2 to 1,0 

~ 
NOTE 2 For categories C2 to C4 and D qk may be selected within the range 0,8 
kN/m -to L.Q kN/m. 

NOTE 3 For category C5 qk may be selected within the range}J1 kN/m to 5,0 
kN/m. 
NOTE 4 For category E qk may be selected within the range 0,8 kN/m to W 
kN/m. For areas of category E the horizontal loads depend on the occupancy. 
Therefore the value of qk is defined as a minimum value and should be checked for the 
specific occupancy. 
NOTE 5 Where a range of values is given in Notes 1, 2, 3 and 4, the value may be set 
by the National Annex. The recommended value is underlined. 
NOTE 6 The National Annex may prescribe additional point loads Qk andlor hard or 
soft body impact specifications for analytical or experimental verification. 

(2) For areas susceptible to significant overcrowding associated with public events e.g. 
for sports stadia, stands, stages, assembly halls or conference rooms, the line load 
should be taken according to category C5. 
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AnnexA 
(informati ve) 

Tables for nominal density of construction materials, and nominal 
density and angles of repose for stored materials 

Table A.I - Construction nlaterials-concrete and mortar 

Materials Density 

r 
[kN/m3

] 

concrete (see EN 206) 
lightweight 

9,0 to 10,0 1)2) density class LC 1,0 
density class LC 1,2 10,0 to 12,0 1

)2) 

density class LC 1,4 12 ° to 14 ° [)2) , , 
density class LC 1,6 14,0 to 16,0 1)2) 

density class LC 1,8 16,0 to 18,0 1)2) 

density class LC 2,0 18 ° to 20 ° 1)2) , , 
normal weight 24,01)2) 

heavy weight >])2) 

mortar 
cenlent mortar 19,0 to 23,0 
gypsum mortar 12,0 to 18,0 
lime-cement mortar 18,0 to 20,0 
lime mortar 12,0 to 18,0 

I) Increase by lkN/m3 for normal percentage of reinforcing and pre-stressing steel 
2) Increase by lkN/m3 for unhardened concrete 
NOTE See Section 4 
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Table A.2 - Construction materials-masonry 

Materials Density 

r 
[kN/m3

] 

masonry units 
clay masonry units I§) see EN 771-1 
calcium silicate masonry units see EN 771-2 

aggregate concrete masonry units see EN 771-3 

autoclaved aerated masonry units see EN 771-4 

manufactured stone n1asonry units see EN 77 

glass blocks, hollow see EN 1051 @il 

terra cotta ,0 

natural stones, see prEN 771-6 
granite, syenite, porphyry 27,0 to 30,0 
basalt, diorite, gabbro 27,0 to 31,0 
tachylyte 26,0 
basaltic lava 24,0 
gray wacke, sandstone 21,0 to 27,0 
dense limestone 20,0 to 29,0 
other limestone 20,0 
volcanic tuff 20,0 
gneiss 30,0 
slate 28,0 

NOTE See Section 4. I 
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Table A.3 - Construction materials-wood 

Materials 

wood (see EN 338 for tinlber strength classes) 
tinlber strength class C 14 
timber strength c1ass C16 
tiInber strength class C 18 
tinlber strength c1ass C22 
thnber strength class C24 
timber strength class C27 
tinlber strength class C30 
tilnber strength class C35 
tinlber strength class C40 
timber strength class D30 
tinlber strength class D35 
timber strength c1ass D40 
tinlber strength class D50 
timber strength class D60 
tin1ber strength class D70 

glued laminated tinlber (see EN 1194 for Tinlber strength 
classes) 
hon10genious giulam GL24h 
homogenious gIuIam GL28h 
honlogenious giulam GL32h 
honlogenious glulanl GL36h 
conlbined giulam GL24c 
cOlnbined giulam GL28c 
combined glulmTI GL32c 
cOlnbined glulmn GL36c 

plywood 
softwood plywood 
birch plywood 
laminboard and blockboard 

particle boards 
chipboard 
cement-bonded particle board 
flake board, oriented strand board, wafer board 

fibre building board 
hardboard, standard and tempered 
medium density fibreboard 
softboard 
NOTE See Section 4. 
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Density 

r 
[kN/m3

] 

3,5 
3,7 
3,8 
4,1 
4,2 
4,5 
4,6 
4,8 
5,0 
6,4 
6,7 
7,0 
7,8 
8,4 
10,8 

3,7 
4,0 
4,2 
4,4 
3,5 
3,7 
4,0 
4,2 

5,0 
7,0 
4,5 

7,0 to 8,0 
12,0 
7,0 

10,0 
8,0 
4,0 
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Table A.4 - Construction materials-metals 

Materials 

metals 
alulninium 
brass 
bronze 
copper 
iron, cast 
iron, wrought 
lead 
steel 
zinc 

BS EN 1991·1·1:2002 
EN 1991·1-1:2002 (E) 

Density 

r 
[kN/m3

] 

27,0 
83,0 to 85,0 
83,0 to 85,0 
87,0 to 89,0 
71,0 to 72,5 

76,0 
112,0 to 114,0 
77,0 to 78,5 
71,0 to 72,0 

Table A.S - Construction materials- other nlaterials 

Materials Density 

r 
[kN/m3

] 

other materials 

glass, broken 22,0 
glass, in sheets 25,0 
plastics 
acrylic sheet 12,0 
polystyrene, expanded, granules 0,3 
foam glass 1,4 

Text deleted @il 
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Table A.6 - Bridge materials 

Materials 

pavement of road bridges 
gussasphalt and asphaltic concrete 
mastic asphalt 
hot rolled asphalt 

infills for bridges 
sand (dry) 
baUast, gravel (loose) 
hardcore 
crushed slag 
packed stone rubble 
puddle clay 

pavement of rail bridges 
concrete protective layer 
normal ballast (e.g. granite, gneiss, etc.) 
basaltic baJlast 

structures with ballasted bed 
2 rails UIe 60 
prestressed concrete sleeper with track fastenings 
concrete sleepers with metal angle braces 
timber sleepers with track fastenings 

structures without ballasted bed 
2 rails UIe 60 with track fastenings 
2 rails UIe 60 with track fastenings, 

bridge beam and guard rails 
I) Given in other tables as stored materials 
2) Excludes an allowance for ballast 
3) Assumes a spacing of 600mm 

NOTE I The values for track are also applicable outside railway bridges. 
NOTE 2 See Section 4. 
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Density 

r 
[kN/n13] 

24,0 to 25,0 
18,0 to 22,0 

23,0 

15,0 to 16,01) 
15,0 to 16,01) 
18,5 to 19,5 

13,5 to 14,51) 
20,5 to 21,5 
18,5 to 19,5 

25,0 
20,0 
26 

Weight per unit bed 
length 2) 3) 

gk 
[kN/nl] 

1,2 
4,8 

1,9 

1,7 

4,9 
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Table A.7 - Stored materials· building and construction 

Materials Density Angle 

r of repose 
[kN/n13

] (IS [0] 

aggregates lEi) (see EN 206)@lI 
lightweight 9,0 to 20,0 1) 30 
normal 20,0 to 30,0 30 
heavyweight > 30,0 30 
gravel and sand, bulked 15,0 to 20,0 35 
sand 14,0 to 19,0 30 
blast furnace slag 
lumps 17,0 40 
granules 12,0 30 
crushed foalned 9,0 35 
brick sand, crushed brick, broken bricks 15,0 35 
vermiculite 
exfoliated, aggregate for concrete 1,0 
crude 6,0 to 9,0 -

bentonite 
loose 8,0 40 
shaken down 11,0 -

cement 
in bulk 16,0 28 
in bag 15,0 -

fly ash 10,0 to 14,0 25 
glass, in sheets 25,0 
gypsum, ground 15,0 25 

lignite filter ash 15,0 20 
lime 13,0 25 

limestone, powder 13,0 25 to 27 

nlagnesite, ground 12,0 -

plastics, 
polyethylene, polystyrol granulated 6,4 30 
polyvinylchloride, powder 5,9 40 

polyester resin 11,8 
glue resins 13,0 -

water, fresh 10,0 

1) see table A.l for density classes of lightweight concrete 

NOTE See Section 4. 
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Table A.8 - Stored products - a2ricultura 
Products Density 

farmyard 
manure (minimum 60 % solids) 
manure (with dry straw) 
dry chicken manure 
slurry (maximum 20 % solids) 

fertiliser, artificial 
NPK, granulated 
basic slag, crushed 
phosphates, granulated 
potassium sulphate 
urea 
fodder, green, loosely stacked 
grain 
whole 14 % moisture content unless indicated 
otherwise) 
general 
barley 
brewer; s grain (wet) 

herbage seeds 
maize in bulk 
maize in bags 
oats 
oilseed rape 
rye 
wheat in bulk 
w heat in bags 
grass cubes 
hay 
(baled) 
(rolled bales) 

hides and skins 
hops 
n1aft 
oleal 
ground 
cubes 

peat 
dry, loose, shaken down 
dry, compressed in bales 
wet 
silage 
straw 
in bulk (dry) 
baled 
tobacco in bales 

wool 
in bulk 
baled 
NOTE See Section 4. 
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Y[kN/m3
] 

7,8 
9,3 
6,9 
10,8 

8,0 to 12,0 
] 3,7 

10,0 to 16,0 
12,0 to 16,0 
7,0 to 8,0 
3,5 to 4,5 

7,8 
7,0 
8,8 
3,4 
7,4 
5,0 
5,0 
6,4 
7,0 
7,8 
7,5 
7,8 

1,0 to 3,0 
6,0 to 7,0 
8,0 to 9,0 
1,0 to 2,0 
4,0 to 6,0 

7,0 
7,0 

1,0 
5,0 
9,5 

5,0 to 10,0 

0,7 
1,5 

3,5 to 5,0 

3,0 
7,0 to 13,0 

Angle of repose 
{b [0] 

45 
45 

25 
35 
30 
28 
24 

30 
30 

30 
30 

30 
25 
30 
30 

40 

25 
20 

45 
40 
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eggs, in stands 
flour 
bulk 
bagged 
fruit 
apples 
- loose 
- boxed 
cherries 
pears 
raspberries, in trays 
strawberries, in trays 
tomatoes 
sugar 
loose, piled 
dense and bagged 
vegetables, green 
cabbages 
lettuce 
vegetables, legumes 
beans 
- general 
- soya 
peas 
vegetables, root 
general 
beetroot 
carrots 
onions 
turnips 
potatoes 
in bulk 
in boxes 
sugarbeet, 
dried and chopped 
raw 
wet shreds 
NOTE See Section 4. 

Table A.9 - Stored products - foodstuffs 

Products Density 

r 
[kN/m3

] 

4,0 to 5,0 

6,0 
5,0 

8,3 
6,5 
7,8 
5,9 
2,0 
1,2 
6,8 

7,5 to 10,0 
16,0 

4,0 
5,0 

8,1 
7,4 
7,8 

8,8 
7,4 
7,8 
7 
7 

7,6 
4,4 

2,9 
7,6 
10,0 

BS EN 1991-1-1:2002 
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Angle 
of repose 

<D [0] 
-

25 
-

30 
-
-

-

-

35 

-
-

35 
30 

-
40 
35 
35 
35 

35 
-

35 
-
-
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T hI A 10 St d a e . - ore 
Products 

beverages 
beer 
lnilk 
water, fresh 
wme 

natural oils 
castor oil 
glycerol (glycerine) 
linseed oil 
olive oil 

organic liquids and acids 
alcohol 
ether 
hydrochloric acid (40 % by weight) 
methylated spirit 
nitric acid (91 % by weight) 
sulphuric acid (30 % by weight) 
sulphuric acid (87 % by weight) 
turpentine, white spirit 

hydrocarbons 
aniline 
benzene (benzol) 
coal tar 
creosote 
naphtha 
paraffin (kerosene) 
benzine (benzoline) 
oil, crude (petroleum) 
diesel 
fuel 
heavy 
lubricating 
petrol (gasolene, gasoline) 
liquid gas 
butane 
propane 

other liquids 
mercury 
red lead paint 
white lead, in oil 
sludge, over 50 % by volume water 
NOTE See Section 4. 
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d t r "d pro uc s - IqUl S 

Density 

r 
[kN/m3

] 

10,0 
]0,0 
10,0 
10,0 

9,3 
] 2,3 
9,2 
8,8 

7,8 
7,4 
11,8 
7,8 
14,7 
13,7 
17,7 
8,3 

9,8 
8,8 

10,8 to 12,8 
10,8 
7,8 
8,3 
6,9 

9,8 to 12,8 
8,3 

7,8 to 9,8 
12,3 
8,8 
7,4 

5,7 
5,0 

133 
59 
38 

10,8 
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Table A.II .. Stored products - solid fuels 

Products Density Angle 
"( of repose 

[kN/m3
] (9 [0] 

charcoal 
air-filled 4 
air-free 15 

coal 
block briquettes, tipped 8 35 
block briquettes, stacked 13 
egg briquettes 8,3 30 
coal, raw from pit 10 35 
coal in washing pools 12 -

coal dust 7 25 
coke 4,0 to 6,5 35 to 45 
middlings in the quarry 12,3 35 
waste washing tips in colliery 13,7 35 
all other kinds of coal 8,3 30 to 

firewood 5,4 45 

lignite/brown coal 
briquettes, tipped 7,8 30 
briquettes, stacked 12,8 -
dalnp 9,8 30 to 40 
dry 7,8 35 
dust 4,9 25 to 40 
low-temperature coke 9,8 40 

peat 
black, dried, firrnly packed 6 to 9 
black, dried, loosely tipped 3 to 6 45 
NOTE See Section 4. 

41 



BS EN 1991-1-1:2002 
EN 1991-1-1:2002 (E) 

Table A.12 - Stored products - industrial and general 

Products Density 

r 
[kN/m3

] 

books and documents 
books and documents, 6,0 
densely stored 8,5 

filing racks and cabinets 6,0 
garments and rags, bundled 11,0 
ice, lumps 8,5 
leather, piled 10,0 
paper 
in rolls 15,0 
piled 11,0 

rubber 10,0 to 17,0 
rock salt 22,0 
salt 12,0 
sawdust 
dry, bagged 3,0 
dry, loose 2,5 
wet, loose 5,0 
tar, bitumen 14,0 
NOTE See Section 4. 
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-

-

-
-

-
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40 
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ANNEXB 
(infonnative) 

Vehicle barriers and parapets for car parks 

B( 1) Barriers and parapets in car parking areas should be designed to resist the 
horizontal loads given in B(2). 

B(2) The horizontal characteristic force F (in kN), normal to and uniformly distributed 
over any length of 1,5 m of a barrier for a car park, required to withstand the impact of a 
vehicle is given by: 

F = 0,5lnV2 I (8c + 8b) 

Where: 
In is the gross mass of the vehicle in (kg) 
v is the velocity of the vehicle (in mls) normal to the barrier 
Oc is the deformations of the vehicle (in mm) 
Ob is the deformations of the barrier (in mm) 

B(3) Where the car park has been designed on the basis that the gross mass of the 
vehicles using it will not exceed 2500 the following values are used to determine the 
force F: 

In = 1500 kg 
v = 4,5 mls 
Oc = 100 lnm unless better evidence is available. 

For a rigid barrier, for which ~ may be given as zero, the characteristic force F 
appropriate to vehicles up to 2500 kg gross mass is taken as 150 kN. 

B(4) Where the car park has been designed for vehicles whose gross mass exceeds 
2500 kg the following values are used to determine the characteristic force F. 

In 

V 

0:: 

= 
= 
= 

the actual mass of the vehicle for which the car park is designed (in kg) 
4,5 mls 
100 mm unless better evidence is available 

B(5) The force determined as in B (3) or B (4) may be considered to act at bumper 
height. In the case of car parks intended for vehicles whose gross mass does not exceed 
2500 kg this height may be taken as 375 mm above the floor level. 

B(6) Barriers to access ramps of car parks have to withstand one half of the force 
determined in B (3) or B (4) acting at a height of 610 mm above the ramp. 

B(7) Opposite the ends of straight ramps intended for downward travel which exceed 
20 m in length the barrier has to withstand twice the force determined in B (3) acting at 
a height of 610 nlm above the ramp. 
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Foreword 

This document (EN 1991-1-2:2002) has been prepared by Technical Committee CENfTC 250 "Structural 
Eurocodes", the secretariat of which is held by BSI. 

CENfTC250/SC1 is responsible for Eurocode 1. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by May 2003, and conflicting national standards shall be 
withdrawn at the latest by December 2009. 

This document supersedes ENV 1991-2-2:1995. 

Annexes A, C, D, E, F and G are informative. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Czech Republic, 
Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, 
Norway, Portugal, Spain, Sweden, Switzerland and the United Kingdom. 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action programme in the field of 
construction, based on article 95 of the Treaty. The objective of the programme was the elimination of 
technical obstacles to trade and the harmonisation of technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of harmonised 
technical rules for the design of construction works which, in a first stage, would serve as an alternative to 
the national rules in force in the Member States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Member 
States, conducted the development of the Eurocodes programme, which led to the first generation of 
European codes in the 1980's. 

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an 
agreement 1 between the Commission and CEN, to transfer the preparation and the publication of the 
Eurocodes to CEN through a series of Mandates, in order to provide them with a future status of 
European Standard (EN). This links de facto the Eurocodes with the provisions of all the Council's 
Directives and/or Commission's Decisions dealing with European Standards (e.g. the Council Directive 
89/106/EEC on construction products - CPD and Council Directives 93/37/EEC, 92/50/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in pursuit of setting up 
the internal market). 

The Structural Eurocode programme comprises the following standards generally consisting of a number 
of Parts: 

EN 1990, Eurocode: Basis of structural design. 

EN 1991, Eurocode 1: Actions on structures. 

prEN 1992, Eurocode 2: Design of concrete structures. 

prEN 1993, Eurocode 3: Design of steel structures. 

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for the design of building and civil engineering works (8C/CEN/03/89). 
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prEN 1994, Eurocode 4: Design of composite steel and concrete structures. 

prEN 1995, Eurocode 5: Design of timber structures. 

prEN 1996, Eurocode 6: Design of masonry structures. 

prEN 1997, Eurocode 7: Geotechnical design. 

prEN 1998, Eurocode 8: Design of structures for earthquake resistance. 

prEN 1999, Eurocode 9: Design of aluminium structures. 

Eurocode standards recognise the responsibility of regulatory authorities in each Member State and have 
safeguarded their right to determine values related to regulatory safety matters at national level where 
these continue to vary from State to State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFTA recognise that EUROCODES serve as reference documents for 
the following purposes: 

as a means to prove compliance of building and civil engineering works with the essential 
requirements of Council Directive 89/106/EEC, particularly Essential Requirement N°1 Mechanical 
resistance and stability - and Essential Requirement N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering services; 

as a framework for drawing up harmonised technical specifications for construction products (ENs 
and ETAs). 

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with 
the Interpretative Documents referred to in Article 12 of the CPD, although they are of a different nature 
from harmonised product standards3

. Therefore, technical aspects arising from the Eurocodes work need 
to be adequately considered by CEN Technical Committees and/or EOTA Working Groups working on 
product standards with a view to achieving 'full compatibility of these technical speci"fical:ions with the 
Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use for the design of whole 
structures and component products of both a traditional and an innovative nature. Unusual forms of 
construction or design conditions are not specifically covered and additional expert consideration will be 
required by the designer in such cases. 

2 According to Art. 3.3 of the CPO, the essential requirements (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and ET AGs/ET As. 

3 According to Art. 12 of the CPO the interpretative documents shall: 
a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating 

classes or levels for each requirement where necessary; 
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of 

calculation and of proof, technical rules for project design, etc.; 
c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes, de facto, playa similar role in the field of the ER 1 and a part of ER 2. 
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National standards inlplementing Eurocodes 

The national standards implementing Eurocodes will comprise the full text of the Eurocode (including any 
annexes), as published by CEN, which may be preceded by a national title page and national foreword, 
and may be followed by a national annex. 

The national annex may only contain information on those parameters which are left open in the Eurocode 
for national choice, known as Nationally Determined Parameters, to be used for the design of buildings 
and civil engineering works to be constructed in the country concerned, i.e.: 

values and/or classes where alternatives are given in the Eurocode; 

values to be used where a symbol only is given in the Eurocode; 

country specific data (geographical, climatic, etc), e.g. snow map; 

the procedure to be used where alternative procedures are given in the Eurocode. 

It may also contain: 

decisions on the application of informative annexes and 

references to non-contradictory complementary information to assist the user to apply the Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and ETAs) for 
products 

There is a need for consistency between the harmonised technical specifications for construction products 
and the technical rules for works4. Furthermore, all the information accompanying the CE Marking of the 
construction products which refer to Eurocodes shall clearly mention which Nationally Determined 
Parameters have been taken into account. 

Additional information specific to EN 1991-1-2 

EN 1991-1-2 describes the thermal and mechanical actions for the structural design of buildings exposed 
to fire, including the following aspects: 

Safety requirements 

EN 1991-1-2 is intended for clients (e.g. for the formulation of their specific requirements), designers, 
contractors and relevant authorities. 

The general objectives of fire protection are to limit risks with respect to the individual and society, 
neighbouring property, and where required, environment or directly exposed property, in the case of fire. 

Construction Products Directive 89/106/EEC gives the following essential requirement for the limitation of 
fire risks: 

4 See Art.3.3 and Art.12 of the CPD, as well as 4.2, 4.3.1, 4.3.2 and 5.2 of I D N°1. 
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''The construction works must be designed and built in such a way, that in the event of an outbreak of fire 

- the load bearing resistance of the construction can be assumed for a specified period of time, 

- the generation and spread of fire and smoke within the works are limited, 

- the spread of fire to neighbouring construction works is limited, 

- the occupants can leave the works or can be rescued by other means, 

- the safety of rescue teams is taken into consideration". 

According to the Interpretative Document N°2 "Safety in Case of Fire5u the essential requirement may be 
observed by following various possibilities for fire safety strategies prevailing in the Member States like 
conventional fire scenarios (nominal fires) or II natural" (parametric) fire scenarios, including passive and/or 
active fire protection measures. 

The fire parts of Structural Eurocodes deal with specific aspects of passive fire protection in terms of 
designing structures and parts thereof for adequate load bearing resistance and for limiting 'fire spread as 
relevant. 

Required functions and levels of performance can be specified either in terms of nominal (standard) fire 
resistance rating, generally given in national fire regulations or, where allowed by national fire regulations, 
by referring to fire safety engineering for assessing passive and active measures. 

Supplementary requirements concerning, for example: 

the possible installation and maintenance of sprinkler systems; 

- conditions on occupancy of building or fire compartment; 

the use of approved insulation and coating materials, including their maintenance 

are not given in this document, because they are subject to specification by the competent authority. 

Numerical values for partial factors and other reliability elements are given as recommended values that 
provide an acceptable level of reliability. They have been selected assuming that an appropriate level of 
workmanship and of quality management applies. 

Design procedures 

A full analytical procedure for structural fire design would take into account the behaviour of the structural 
system at elevated temperatures, the potential heat exposure and the beneficial effects of active and 
passive fire protection systems, together with the uncertainties associated with these three features and 
the importance of the structure (consequences of failure). 

5 See 2.2, 3.2(4) and 4.2.3.3 of ID N°2. 
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At the present time it is possible to undertake a procedure for determining adequate performance which 
incorporates some, if not all, of these parameters and to demonstrate that the structure, or its 
components, will give adequate performance in a real building fire. However where the procedure is based 
on a nominal (standard) fire, the classification system, which calls for specific periods of fire resistance, 
takes into account (though not explicitely) the features and uncertainties described above. 

Application of this Part 1-2 is illustrated below. The prescriptive approach and the performance-based 
approach are identified. The prescriptive approach uses nominal fires to generate thermal actions. The 
performance-based approach, using fire safety engineering, refers to thermal actions based on physical 
and chemical parameters. 

Tabulated 
Data 

Design aids 

Design Procedures 

Figure 1 - Alternative design procedures 

It is expected, that design aids based on the calculation models given in EN 1991-1-2 will be prepared by 
interested external organizations. 

The main text of EN 1991-1-2 includes most of the principal concepts and rules necessary for describing 
thermal and mechanical actions on structures. 
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National annex for EN 1991-1-2 
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This standard gives alternative procedures, values and recommendations for classes with notes indicating 
where national choices have to be made. Therefore the national standard implementing EN 1991-1-2 
should have a national annex containing all Nationally Determined Parameters to be used for the design 
of buildings and civil engineering works to be constructed in the relevant country. 

National choice is allowed in EN 1991-1-2 through: 

- 2.4(4) 

- 3.1(10) 

- 3.3.1.1(1) 

3.3.1.2(1 ) 

3.3.1.2(2) 

3.3.1.3(1 ) 

- 3.3.2(1) 

3.3.2(2) 

4.2.2(2) 

4.3.1 (2) 
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Section 1 General 

1.1 Scope 

(1) The methods given in this Part 1-2 of EN 1991 are applicable to buildings, with a fire load related to the 
building and its occupancy. 

(2) This Part 1-2 of EN 1991 deals with thermal and mechanical actions on structures exposed to fire. It is 
intended to be used in conjunction with the fire design Parts of prEN 1992 to prEN 1996 and prEN 1999 
which give rules for designing structures for fire resistance. 

(3) This Part 1-2 of EN 1991 contains thermal actions related to nominal and physically based thermal 
actions. More data and models for physically based thermal actions are given in annexes. 

(4) This Part 1-2 of EN 1991 gives general principles and application rules in connection to thermal and 
mechanical actions to be used in conjunction with EN 1990, EN 1991-1-1, EN 1991-1-3 and EN 1991-1-4. 

(5) The assessment of the damage of a structure after a fire, is not covered by the present document. 

1.2 Normative references 

(1)P This European Standard incorporates by dated or undated reference, provIsions from other 
publications. These normative references are cited at the appropriate places in the text, and the 
publications are listed hereafter. For dated references, subsequent amendments to or revisions of any of 
these publications apply to this European Standard only when incorporated in it by amendment or revision. 
For undated references the latest edition of the publication referred to applies (including amendments). 

NOTE The following European Standards which are published or in preparation are cited in normative clauses: 

p rEN 13501-2, Fire classification of construction products and building elements - Part 2: Classification using data 
from fire resistance tests, excluding ventilation services. 

EN 1990:2002, Eurocode: Basis of structural design. 

EN 1991, Eurocode 1: Actions on structures - Part 1-1: General actions - Densities, self-weight and 
imposed loads. 

prEN 1991 , Eurocode 1: Actions on structures - Part 1-3: General actions - Snow loads. 

prEN 1991, Eurocode 1: Actions on structures - Part 1-4: General actions - Wind loads. 

prEN 1992, Eurocode 2: Design of concrete structures. 

prEN 1993, Eurocode 3: Design of steel structures. 

prEN 1994, Eurocode 4: Design of composite steel and concrete structures. 

prEN 1995, Eurocode 5: Design of timber structures. 

prEN 1996, Eurocode 6: Design of masonry structures. 

prEN 1999, Eurocode 9: Design of aluminium structures. 
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(1)P In addition to the general assumptions of EI\J 1990 the following assumptions apply: 

any active and passive fire protection systems taken into account in the design will be adequately 
maintained; 

the choice of the relevant design fire scenario is made by appropriate qualified and experienced 
personnel, or is given by the relevant national regulation. 

1.4 Distinction between Principles and Application Rules 

(1) The rules given in EN 1990:2002, 1.4 apply. 

1.5 Terms and definitions 

(1)P For the purposes of this European Standard, the terms and definitions given in EI\J 1990:2002, 1.5 
and the following apply. 

1.5.1 Common terms used in Eurocode Fire parts 

1.5.1.1 
equivalent time of fire exposure 
time of exposure to the standard temperature-time curve supposed to have the same heating effect as a 
real fire in the compartment 

1.5.1.2 
external member 
structural member located outside the building that may be exposed to fire through openings in the 
building enclosure 

1.5.1.3 
'fire compartment 
space within a building, extending over one or several floors, which is enclosed by separating elements 
such that fire spread beyond the compartment is prevented during the relevant fire exposure 

1.5.1.4 
fire resistance 
ability of a structure, a part of a structure or a member to fulfil its required functions (load bearing function 
and/or fire separating 'function) for a specified load level, for a specified 'fire exposure and for a specified 
period of time 

1.5.1.5 
fully developed fire 
state of full involvement of all combustible surfaces in a fire within a specified space 

1.5.1.6 
global structural analysis (for fire) 
structural analysis of the entire structure, when either the entire structure, or only a part of it, are exposed 
to fire. Indirect fire actions are considered throughout the structure 
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1.5.1.7 
indirect fire actions 
internal forces and moments caused by thermal expansion 

1.5.1.8 
integrity (E) 
ability of a separating element of building construction, when exposed to 'fire on one side, to prevent the 
passage through it of flames and hot gases and to prevent the occurrence of flames on the unexposed 
side 

1.5.1.9 
insulation (I) 
ability of a separating element of building construction when exposed to fire on one side, to restrict the 
temperature rise of the unexposed face below specified levels 

1.5.1.10 
load bearing function (R) 
ability of a structure or a member to sustain specified actions during the relevant fire, according to defined 
criteria 

1.5.1.11 
member 
basic part of a structure (such as beam, column, but also assembly such as stud wall, truss, ... ) considered 
as isolated with appropriate boundary and support conditions 

1.5.1.12 
member analysis (for 'fire) 
thermal and mechanical analysis of a structural member exposed to fire in which the member is assumed 
as isolated, with appropriate support and boundary conditions. Indirect fire actions are not considered, 
except those resulting from thermal gradients 

1.5.1.13 
normal temperature design 
ultimate limit state design for ambient temperatures according to Part 1-1 of prEN 1992 to prEN 1996 or 
prEI\J 1999 

1.5.1.14 
separating function 
ability of a separating element to prevent fire spread (e.g. by passage of flames or hot gases - cf integrity) 
or ignition beyond the exposed surface (cf insulation) during the relevant fire 

1.5.1.15 
separating element 
load bearing or non-load bearing element (e.g. wall) forming part of the enclosure of a fire compartment 

1.5.1.16 
standard 'fire resistance 
ability of a structure or part of it (usually only members) to fulfil required functions (load-bearing function 
and/or separating function), for the exposure to heating according to the standard temperature-time curve 
for a specified load combination and for a stated period of time 
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1.5.1.17 
structural members 
load-bearing members of a structure including bracings 

1.5.1.18 
temperature analysis 
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procedure of determining the temperature development in members on the basis of the thermal actions 
(net heat flux) and the thermal material properties of the members and of protective surfaces, where 
relevant 

1.5.1.19 
thermal actions 
actions on the structure described by the net heat flux to the members 

1.5.2 Special terms relating to design in general 

1.5.2.1 
advanced fire model 
design fire based on mass conservation and energy conservation aspects 

1.5.2.2 
computational fluid dynamic model 
fire model able to solve numerically the partial differential equations giving, in all points of the 
compartment, the thermo-dynamical and aero-dynamical variables 

1.5.2.3 
fire wall 
separating element that is a wall separating two spaces (e.g. two buildings) that is designed for fire 
resistance and structural stability, and may include resistance to horizontal loading such that, in case of 
fire and failure of the structure on one side of the wall, fire spread beyond the wall is avoided 

1.5.2.4 
one-zone model 
fire model where homogeneous temperatures of the gas are assumed in the compartment 

1.5.2.5 
simple fire model 
design fire based on a limited application field of specific physical parameters 

1.5.2.6 
two-zone model 
fire model where different zones are defined in a compartment: the upper layer, the lower layer, the fire 
and its plume, the external gas and walls. In the upper layer, uniform temperature of the gas is assumed 

1.5.3 Terms relating to thermal actions 

1.5.3.1 
combustion factor 
combustion factor represents the efficiency of combustion, varying between 1 for complete combustion to 
o for combustion fully inhibited 

1.5.3.2 
design fire 
specified fire development assumed for design purposes 
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1.5.3.3 
design fire load density 
fire load density considered for determining thermal actions in fire design; its value makes allowance for 
uncertainties 

1.5.3.4 
design fire scenario 
specific fire scenario on which an analysis will be conducted 

1.5.3.5 
external fire curve 
nominal temperature-time curve intended for the outside of separating external walls which can be 
exposed to fire from different parts of the facade, i.e. directly from the inside of the respective fire 
compartment or from a compartment situated below or adjacent to the respective external wall 

1.5.3.6 
fire activation risk 
parameter taking into account the probability of ignition, function of the compartment area and the 
occupancy 

1.5.3.7 
fire load density 
fire load per unit area related to the floor area qf, or related to the surface area of the total enclosure, 
including openings, C1t 

1.5.3.8 
fire load 
sum of thermal energies which are released by combustion of all combustible materials in a space 
(building contents and construction elements) 

1.5.3.9 
fire scenario 
qualitative description of the course of a fire with time identifying key events that characterise the fire and 
differentiate it from other possible fires. It typically defines the ignition and fire growth process, the fully 
developed stage, decay stage together with the building environment and systems that will impact on the 
course of the fire 

1.5.3.10 
flash-over 
simultaneous ignition of all the 'fire loads in a compartment 

1.5.3.11 
hydrocarbon fire curve 
nominal temperature-time curve for representing effects of an hydrocarbon type fire 

1.5.3.12 
localised fire 
fire involving only a limited area of the fire load in the compartment 

1.5.3.13 
opening factor 
factor representing the amount of ventilation depending on the area of openings in the compartment walls, 
on the height of these openings and on the total area of the enclosure surfaces 
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1.5.3.14 
rate of heat release 
heat (energy) released by a combustible product as a function of time 

1.5.3.15 
standard temperature-time curve 
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nominal curve defined in prEN 13501-2 for representing a model of a fully developed fire in a 
compartment 

1.5.3.16 
temperature-time curves 
gas temperature in the environment of member surfaces as a function of time. They may be: 

nominal: conventional curves, adopted for classification or verification of fire resistance, e.g. the 
standard temperature-time curve, external fire curve, hydrocarbon fire curve; 

parametric: determined on the basis of fire models and the specific physical parameters defining the 
conditions in the fire compartment 

1.5.4 Terms relating to heat transfer analysis 

1.5.4.1 
configuration factor 
configuration factor for radiative heat transfer from surface A to su rface B is defined as the fraction of 
diffusely radiated energy leaving surface A that is incident on surface B 

1.5.4.2 
convective heat transfer coefficient 
convective heat flux to the member related to the difference between the bulk temperature of gas 
bordering the relevant surface of the member and the temperature of that surface 

1.5.4.3 
emissivity 
equal to absorptivity of a surface, i.e. the ratio between the radiative heat absorbed by a given surface and 
that of a black body su rface 

1.5.4.4 
net heat flux 
energy, per unit time and surface area, definitely absorbed by members 

1.6 Symbols 

(l)P For the purpose of this Part 1-2, the following symbols apply. 

Latin upper case letters 

A area of the fire compartment 

And,d design value of indirect action due to fire 

floor area of the fire compartment 

fire area 

area of horizontal openings in roof of compartment 
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Av,i 

D 

Efi,d,t 

H 

o 

Ant 

o 

Ofi,k 
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total area of openings in enclosure (Ah,v = Ah + Av ) 

area of enclosure surface j, openings not included 

total area of enclosure (walls, ceiling and floor, including openings) 

total area of vertical openings on all walls ( Av I Av,i ) 

area of window "i" 

protection coefficient of member face i 

depth of the fire compartment, diameter of the fire 

design value of the relevant effects of actions from the fundamental combination 
according to EN 1990 

constant design value of the relevant effects of actions in the fire situation 

design value of the relevant effects of actions in the fire situation at time t 

internal energy of gas 

distance between the fire source and the ceiling 

net calorific value including moisture 

net calorific value of dry material 

net calorific value of material i 

length of the core 

flame length along axis 

horizontal projection of the flame (from the facade) 

horizontal flame length 

flame height (from the upper part of the window) 

axis length from window to the point where the calculation is made 

amount of combustible material i 

opening factor of the fire compartment (0 Av J heq / At) 

reduced opening factor in case of fuel controlled fire 

the internal pressure 

rate of heat release of the fire 

convective part of the rate of heat release 0 

characteristic fire load 
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Ofi,k,i characteristic 'fire load of material i 

heat release coefficient related to the diameter 0 of the local fire 

O~ heat release coefficient related to the height H of the compartment 

(4,1 characteristic leading variable action 

Omax maximum rate of heat release 

rate of heat release entering through openings by gas flow 

Oout rate of heat release lost through openings by gas flow 

Orad rate of heat release lost by radiation through openings 

Owall rate of heat release lost by radiation and convection to the surfaces of the 
compartment 

R ideal gas constant (= 287 [J/kgK]) 

Rd design value of the resistance of the member at normal temperature 

Rfi,d,t design value of the resistance of the member in the fire situation at time t 

RHRf maximum rate of heat release per square meter 

T the temperatu re [K] 

Tamb the ambiant temperature [K] 

To initial temperature (= 293 [K]) 

Ii temperature of the 'fire compartment [K] 

Tg gas temperature [K] 

Tw flame temperature at the window [K] 

Tz flame temperature along the flame axis [K] 

W I§) width of wall containing window(s) (W1) @il 

W1 width of the wall 1, assumed to contain the greatest window area 

W2 width of the wall of the fire compartment, perpendicular to wall W1 

Wa horizontal projection of an awning or balcony 

We width of the core 

Latin lower case letters 

b thermal absorptivity for the total enclosure (b = J(pcA) ) 
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c 

9 

hnet,c 

hnet,r 

h tot 

k 

m 

m 
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thermal absorptivity of layer i of one enclosure surface 

thermal absorptivity of one enclosure surface j 

specific heat 

geometrical characteristic of an external structural element (diameter or side) 

flame thickness 

cross-sectional dimension of member face i 

the gravitational acceleration 

weighted average of window heights on all walls l heq =l ~(Av.; h;)} Av 

height of window i 

heat flux to unit surface area 

net heat flux to unit surface area 

net heat flux to unit surface area due to convection 

net heat flux to unit surface area due to radiation 

total heat flux to unit surface area 

heat flux to unit surface area due to fire i 

correction factor 

conversion factor 

correction factor 

mass, combustion factor 

mass rate 

rate of gas mass coming in through the openings 

rate of gas mass going out through the openings 

rate of pyrolysis products generated 

fire load per unit area related to the floor area At 

design fire load density related to the floor area At 

characteristic fire load density related to the surface area At 

fire load per unit area related to the surface area At 



(Jt,d 

r 

te,d 

tfi,d 

tfi,requ 

~im 

tmax 

u 

y 

Z 

Zo 

design 'fire load density related to the surface area At 

characteristic fire load density related to the surface area At 
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horizontal distance between the vertical axis of the fire and the point along the ceiling 
where the thermal flux is calculated 

thickness of layer i 

limit thickness 

time 

equivalent time of fire exposure 

design fire resistance (property of the member or structure) 

required fire resistance time 

time for maximum gas temperature in case of fuel controlled fire 

time for maximum gas temperature 

fire growth rate coefficient 

wind speed, moisture content 

width of window "i" 

sum of window widths on all walls (Wt = LlAIj); ventilation factor referred to At 

width of the flame; ventilation factor 

coefficient parameter 

height 

virtual origin of the height z 

vertical position of the virtual heat source 

Greek upper case letters 

configuration factor 

overall configuration factor of a member for radiative heat transfer from an opening 

configuration factor of member face i for a given opening 

overall configuration factor of a member for radiative heat transfer from a flame 

lPz,i configuration factor of member face i for a given flame 

r time factor function of the opening factor 0 and the thermal absorptivity b 

time factor function of the opening factor Qim and the thermal absorptivity b 
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G 

Gcr,d 

a 9 

Gmax 

Q 

temperature [OC]; G [OC] = T[K] - 273 

design value of the critical material temperature [OC] 

design value of material temperature [OC] 

gas temperature in the fire compartment, or near the member [OC] 

temperature of the member surface [OC] 

maximum temperature [OC] 

effective radiation temperature of the fire environment [OC] 

protected fire load factor 

Greek lower case letters 

coeHicient of heat transfer by convection 

area of horizontal openings related to the floor area 

area of vertical openings related to the floor area 

factor accounting for the existence of a specific fire fighting measure i 

factor taking into account the fire activation risk due to the size of the compartment 

factor taking into account the fire activation risk due to the type of occupancy 

Em sUl1ace emissivity of the member 

emissivity of flames, of the fire 

T]fi reduction factor 

T]fi,t load level for fire design 

thermal conductivity 

p density 

internal gas density 

a Stephan Boltzmann constant (= 5,67 . 10-8 [W/m2K4]) 

free burning fire duration (assumed to be 1 200 [s]) 

lJIo combination factor for the characteristic value of a variable action 

combination factor for the frequent value of a variable action 

combination factor for the quasi-permanent value of a variable action 
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Section 2 

2.1 General 

Structural Fire design procedure 
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(1) A structural fire design analysis should take into account the following steps as relevant: 

selection of the relevant design fire scenarios; 

determination of the corresponding design fires; 

calculation of temperature evolution within the structural members; 

calculation of the mechanical behaviour of the structure exposed to fire. 

NOTE Mechanical behaviour of a structure is depending on thermal actions and their thermal effect on material 
properties and indirect mechanical actions, as well as on the direct effect of mechanical actions. 

(2) Structural fire design involves applying actions for temperature analysis and actions for mechanical 
analysis according to this Part and other Parts of EN 1991. 

(3)P Actions on structures from fire exposure are classi'fied as accidental actions, see EN 1990:2002, 
6.4.3.3(4). 

2.2 Design fire scenario 

(1) To identify the accidental design situation, the relevant design fire scenarios and the associated design 
fires should be determined on the basis of a fire risk assessment. 

(2) For structures where particular risks of fire arise as a consequence of other accidental actions, this risk 
should be considered when determining the overall safety concept. 

(3) Time- and load-dependent structural behaviour prior to the accidental situation needs not be 
considered, unless (2) applies. 

2.3 Design fire 

(1) For each design fire scenario, a design fire, in a fire compartment, should be estimated according to 
section 3 of this Part. 

(2) The design fire should be applied only to one fire compartment of the building at a time, unless 
otherwise specified in the design fire scenario. 

(3) For structures, where the national authorities specify structural fire resistance requirements, it may be 
assumed that the relevant design fire is given by the standard fire, unless specified otherwise. 

2.4 Temperature Analysis 

(1)P When performing temperature analysis of a member, the position of the design fire in relation to the 
member shall be taken into account. 

(2) For external members, fire exposure through openings in facades and roofs should be considered. 

(3) For separating external walls fire exposure from inside (from the respective fire compartment) and 
alternatively from outside (from other fire compartments) should be considered when required. 
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(4) Depending on the design fire chosen in section 3, the following procedures should be used: 

with a nominal temperature-time curve, the temperature analysis of the structural members is made 
for a specified period of time, without any cooling phase; 

NOTE 1 The speci"fied period of time may be given in the national regulations or obtained from annex F following the 
specifications of the national annex. 

with a fire model, the temperature analysis of the structural members is made for the full duration of 
the fire, including the cooling phase. 

NOTE 2 Limited periods of fire resistance may be set in the national annex. 

2.5 Mechanical Analysis 

(1)P The mechanical analysis shall be performed for the same duration as used in the temperature 
analysis. 

(2) Verification of fire resistance should be in the time domain: 

tfi,d ;::: tfj,requ (2.1 ) 

or in the strength domain: 

Rfi,d,t;::: qi,d,t (2.2) 

or in the temperature domain: 

(2.3) 

where 

tfi,d is the design value of the fire resistance 

tfi,requ is the required fire resistance time 

Rfj,d,1 is the design value of the resistance of the member in the fire situation at time t 

is the design value of the relevant effects of actions in the fire situation at time t 

E>d is the design value of material temperature 

E>cr,d is the design value of the critical material temperature 
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Section 3 Thermal actions for temperature analysis 

3.1 General rules 
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(1)P Therma.l actions are given by the net heat flux h net [W 1m2] to the surface of the member. 

(2) On the fire exposed surfaces the net heat flux h net should be determined by considering heat transfer 
by convection and radiation as 

h net h net,c + h net,r [W/m2] (3.1 ) 

where 

hnet.c is given by e.q. (3.2) 

hnet,r is given by e.q. (3.3) 

(3) The net convective heat flux component should be determined by: 

(3.2) 

where 

a c is the coefficient of heat transfer by convection [W Im2K] 

eg is the gas temperature in the vicinity of the fire exposed member [DC] 

em is the surface temperature of the member [DC] 

(4) For the coefficient of heat transfer by convection a c relevant for nominal temperature-time curves, see 
3.2. 

(5) On the unexposed side of separating members, the net heat flux h net should be determined by using 
equation (3.1), with a c = 4 [W/m 2K]. The coefficient of heat transfer by convection should be taken as 
a c 9 [W Im2K], when assuming it contains the effects of heat transfer by radiation. 

(6) The net radiative heat flux component per unit surface area is determined by: 

. 4 4 
hnet,r = lP· em . ef . a· [(er + 273) - (em + 273) ] (3.3) 

where 

lP is the configu ration factor 

em is the surface emissivity of the member 

ef is the emissivity of the fire 

a is the Stephan Boltzmann constant (= 5,67 . 10.8 W Im2K4) 

er is the effective radiation temperature of the fire environment [DC] 

em is the surface temperature of the member [DC] 

NOTE 1 Unless given in the material related fire design Parts of prEN 1992 to prEN 1996 and prEN 1999, Em = 
0,8 may be used. 
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NOTE 2 The emissivity of the fire is taken in general as Ef = 1,0. 

(7) Where this Part or the fire design Parts of prEN 1992 to prEN 1996 and prEN 1999 give no speci"fic 
data, the configuration factor should be taken as cP = 1,0. A lower value may be chosen to take account of 
so called position and shadow effects. 

NOTE For the calculation of the configuration factor cP a method is given in annex G. 

(8) In case of fully fire engulfed members, the radiation temperature 8 r may be represented by the gas 
temperature 8 9 around that member. 

(9) The surface temperature 8 m results from the temperature analysis of the member according to the fire 
design Parts 1-2 of prEN 1992 to prEN 1996 and prEN 1999, as relevant. 

(10) Gas temperatures 8 9 may be adopted as nominal temperature-time curves according to 3.2, or 
adopted according to the fire models given in 3.3. 

NOTE The use of the nominal temperature-time curves according to 3.2 or, as an alternative, the use of the 
natural fire models according to 3.3 may be specified in the national annex. 

3.2 Nominal temperature-time curves 

3.2.1 Standard temperature-time curve 

(1) The standard temperature-time curve is given by: 

8 9 = 20 + 34510g lO (8 t+ 1) 

where 

e 9 is the gas temperature in the "fire compartment 

is the time 

(2) The coefficient of heat transfer by convection is: 

(Xc = 25 W/m2K 

3.2.2 External fire curve 

(1) The external fire curve is given by: 

8
9 

= 660 ( 1 - 0,687 e-0
,32 t _ 0,313 e-3,8 t) + 20 

where 

is the gas temperature near the member 

is the time 
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(2) The coefficient of heat transfer by convection is: 

3.2.3 Hydrocarbon curve 

(1) The hydrocarbon temperature-time curve is given by: 

a = 1 080 ( 1 - 0 325 e-O,167 t - 0 675 e-2,5 t) + 20 9 , , 

where 

is the gas temperature in the fire compartment 

is the time 

(2) The coefficient of heat transfer by convection is: 

U c = 50 W/m
2
K 

3.3 Natural fire models 

3.3.1 Simplified fire models 

3.3.1.1 General 

[min] 
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(3.6) 

(3.7) 

(1) Simple fire models are based on specific physical parameters with a limited field of application. 

NOTE For the calculation of the design fire load density qf,d a method is given in annex E. 

(2) A uniform temperature distribution as a function of time is assumed for compartment fires. A non
uniform temperature distribution as a function of time is assumed in case of localised fires. 

(3) When simp,le fire models are used, the coefficient of heat transfer by convection should be taken as 
U c = 35 [W/m K]. 

3.3.1.2 Compartment fires 

(1) Gas temperatures should be determined on the basis of physical parameters considering at least the 
fire load density and the ventilation conditions. 

NOTE 1 The national annex may specify the procedure for calculating the heating conditions. 

NOTE 2 For internal members of 'fire compartments, a method for the calculation of the gas temperature in the 
compartment is given in annex A. 

(2) For external members, the radiative heat flux component should be calculated as the sum of the 
contributions of the fire compartment and of the flames emerging from the openings. 

NOTE For external members exposed to fire through openings in the facade, a method for the calculation of the 
heating conditions is given in annex B. 

25 



BS EN 1991-1-2:2002 
EN 1991-1-2:2002 (E) 

3.3.1.3 Localised fires 

(1) Where flash-over is unlikely to occur, thermal actions of a localised fire should be taken into account. 

NOTE The national annex may specify the procedure for calculating the heating conditions. A method for the 
calculation of thermal actions from localised fires is given in annex C. 

3.3.2 Advanced fire models 

(1) Advanced fire models should take into account the following: 

gas properties; 

mass exchange; 

energy exchange. 

NOTE 1 Available calculation methods normally include iterative procedures. 

NOTE 2 For the calculation of tile design fire load density qf.d a method is given in annex E. 

NOTE 3 For the calculation of the rate of heat release Q a method is given in annex E. 

(2) One of the following models should be used: 

one-zone models assuming a uniform, time dependent temperature distribution in the compartment; 

two-zone models assuming an upper layer with time dependent thickness and with time dependent 
uniform temperature, as well as a lower layer with a time dependent uniform and lower temperature; 

Computational Fluid Dynamic models giving the temperature evolution in the compartment in a 
completely time dependent and space dependent manner. 

NOTE The national annex may specify the procedure for calculating the heating conditions. 
A method for the calculation of thermal actions in case of one-zone, two-zone or computational fluid dynamic models 
is given in annex D. 

(3) The coefficient of heat transfer by convection should be taken as a c = 35 [W Im 2K], unless more 
detailed information is available. 

(4) In order to calculate more accurately the temperature distribution along a member, in case of a 
localised fire, a combination of results obtained with a two-zone model and a localised fire approach may 
be considered. 

NOTE The temperature field in the member may be obtained by considering the maximum effect at each location 
given by the two fire models. 
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4.1 General 

Mechanical actions for structural analysis 
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(1)P Imposed and constrained expansions and deformations caused by temperature changes due to fire 
exposure result in effects of actions, e.g. forces and moments, which shall be considered with the 
exception of those cases where they: 

may be recognized a priori to be either negligible or favourable; 

are accounted for by conservatively chosen support models and boundary conditions, and/or implicitly 
considered by conservatively specified fire safety requirements. 

(2) For an assessment of indirect actions the following should be considered: 

constrained thermal expansion of the members themselves, e.g. columns in multi-storey frame 
structures with stiff walls; 

differing thermal expansion within statically indeterminate members, e.g. continuous floor slabs; 

thermal gradients within cross-sections giving internal stresses; 

thermal expansion of adjacent members, e.g. displacement of a column head due to the expanding 
floor slab, or expansion of suspended cables; 

thermal expansion of members affecting other members outside the fire compartment. 

(3) Design values of indirect actions due to fire And,d should be determined on the basis of the design 
values of the thermal and mechanical material properties given in the fire design Parts of prEN 1992 to 
prEN 1996 and prEN 1999 and the relevant fire exposure. 

(4) Indirect actions from adjacent members need not be considered when fire safety requirements refer to 
members under standard fire conditions. 

4.2 Simultaneity of actions 

4.2.1 Actions from normal temperature design 

(1)P Actions shall be considered as for normal temperature design, if they are likely to act in the fire 
situation. 

(2) Representative values of variable actions, accounting for the accidental design situation of fire 
exposure, should be introduced in accordance with EN 1990. 

(3) Decrease of imposed loads due to combustion should not be taken into account. 

(4) Cases where snow loads need not be considered, due to the melting of snow, should be assessed 
individually. 

(5) Actions resulting from industrial operations need not be taken into account. 

27 



BS EN 1991-1-2:2002 
EN 1991-1-2:2002 (E) 

4.2.2 Additional actions 

(1) Simultaneous occurrence with other independent accidental actions needs not be considered. 

(2) Depending on the accidental design situations to be considered, additional actions induced by the fire 
may need to be applied during fire exposure, e.g. impact due to collapse of a structural member or heavy 
machinery. 

NOTE The choice of additional actions may be specified in the national annex. 

(3) Fire walls may be required to resist a horizontal impact load according to EN 1363-2. 

4.3 Combination rules for actions 

4.3.1 General rule 

(1)P For obtaining the relevant effects of actions Efi,d,t during fire exposure, the mechanical actions shall 
be combined in accordance with EN 1990 "Basis of structural design" for accidental design situations. 

(2) The representative value of the variable action 0 1 may be considered as the quasi-permanent value 
If/2,1 0 1 , or as an alternative the frequent value If/1,1 0 1 . 

NOTE The use of the quasi-permanent value ljI2,1 01 or the frequent value ljI1,1 01 may be specified in the national 
annex. The use of V/2,1 0 1 is recommended. 

4.3.2 Simplified rules 

(1) Where indirect fire actions need not be explicitly considered, effects of actions may be determined by 
analysing the structure for combined actions according to 4.3.1 for t = 0 only. These effects of actions Efi,d 

may be applied as constant throughout fire exposure. 

NOTE This clause applies, for example, to effects of actions at boundaries and supports, where an analysis of 
parts of the structure is pertormed in accordance with the fire design Parts of prEN 1992 to prEN 1996 and 
prEN 1999. 

(2) As a further simplification to (1), effects of actions may be deduced from those determined in normal 
temperature design: 

where 

(4.1 ) 

is the design value of the relevant effects of actions from the fundamental combination according to 
EN 1990; 

Efi,d is the corresponding constant design value in the fire situation; 

1Jfi is a reduction factor defined in the fire design Parts of prEN 1992 to prEN 1996 and prEN 1999. 
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(1) Where tabulated data are specified for a reference load level, this load level corresponds to: 

Efi,d,t = 17fi,t . Rd (4.2) 

where 

Rd is the design value of the resistance of the member at normal temperature, determined according to 
prEN 1992 to prEN 1996 and prEN 1999; 

17fu is the load level for fire design. 
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Annex A 
(informative) 

Parametric temperature-time curves 

(1) The following temperature-time curves are valid for fire compartments up to 500 m2 of floor area, 
without openings in the roof and for a maximum compartment height of 4 m. It is assumed that the fire 
load of the compartment is completely burnt out. 

(2) If fire load densities are specified without specific consideration to the combustion behaviour (see 
annex E), then this approach should be limited to fire compartments with mainly cellulosic type fire loads. 

(3) The temperature-time curves in the heating phase are given by: 

eg = 20 + 1 325 ( 1-0,324 e -0,2t* - 0,204 e-1,7 t'" - 0,472 

where 

e9 is the gas temperature in the fire compartment 

= t· r 

with 

time 

r [Olbf 1 (0,04/1 160)2 

b ~(pc;\) 

p 

c 

o 

with the following limits: 100 s; b s; 2 200 

density of boundary of enclosure 

specific heat of boundary of enclosure 

thermal conductivity of boundary of enclosure 

opening factor: Av J heq 1 At 

with the following limits: 0,02 S; 0 S; 0,20 

[h] 

[-] 

[J/kgK] 

[W/mK] 

Av total area of vertical openings on all walls [m2
] 

heq weighted average of window heights on all walls [m] 

AI total area of enclosure (walls, ceiling and floor, including openings) [m2
] 

NOTE In case of r= 1, equation (A.1) approximates the standard temperature-time curve. 

(A.1 ) 

(A.2a) 

(4) For the calculation of the b factor, the density p, the specific heat c and the thermal conductivity A of 
the boundary may be taken at ambient temperature. 
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(5) To account for an enclosure surface with different layers of material, b = ~(pcA) should be introduced 

as: 

If b1 > b2, a limit thickness Slim is calculated for the exposed material according to: 

3 600 tmax A1 ' h . b A 
slim = Wit tmax given y eq. .7. [m] 

C1 P1 

then b =: b1 

then b b1 + [1 -
slim Slim 

where 

the indice 1 represents the layer directly exposed to the fire, the indice 2 the next layer. .. 

Sj is the thickness of layer i 

Pi is the density of the layer i 

q is the specific heat of the layer i 

A i is the thermal conductivity of the layer i 

(6) To account for different b factors in walls, ceiling and floor, b =: ~(pCA) should be introduced as: 

where 

Aj is the area of enclosure surface j, openings not included 

bj is the thermal property of enclosure surface j according to equations (A.3) and (A.4) 

(7) The maximum temperature Bmax in the heating phase happens for t* t~ax 

t~ax = tmax ' r 

with tmax = max [(0,2 . 10-3 
. qt,d I 0) ; tlim] 

where 

[h] 

[h] 

(A.3) 

(A.4) 

(A.4a) 

(A.4b) 

(A.5) 

(A.6) 

(A.7) 

qt,d is the design value of the fire load density related to the total surface area At of the enclosure 
whereby qt,d =: qf,d . Af / At [MJ/m 2

]. The following limits should be observed: 50 S; qt,d S; 1 000 [MJ/m2]. 

qf,d is the design value of the fire load density related to the surface area Af of the floor [MJ/m2] taken 
from annex E. 

tlim is given by (10) in [h]. 

NOTE The time tmax corresponding to the maximum temperature is given by flim in case the fire is fuel 
controlled. If flim is given by (0,2 . 10-3 

. qt,d / 0), the fire is ventilation controlled. 
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(8) When tmax ;::: ~im , t used in equation (A.1) is replaced by: 

t ;::: t lIim [h] 

with Tiim [Qim 1 b]2 1 (0,04/1 160)2 

where Olim ;::: 0,1 . 10-3 
. qt,d 1 ~im 

(9) If (0) 0,04 and C]t,d < 75 and b < 1 160), Tiim in (A.8) has to be multiplied by k given by: 

(A.2b) 

(A.8) 

(A.9) 

k;:::1+(0-0,04 yqj,d-
75 11160 bJ (A.10) 

l 0,04 A 75 1160 

(10) In case of slow fire growth rate, ~im 25 min; in case of medium fire growth rate, ~im ;::: 20 min and in 
case of fast fire growth rate, ~im ;::: 15 min. 

NOTE For advice on fire growth rate, see Table E.5 in annex E. 

(11) The temperature-time curves in the cooling phase are given by: 

8 9 ;::: 8 max 625 (f' - t~ax . x) for 

8 9 8 max - 250 (3 t~ax) (t" - t~ax . X ) for 0,5 < t~ax < 2 

8 g ;::: 8 max - 250 (t" - t~ax . x ) for 

where t* is given by (A.2a) 

t~ax (0,2 . 10-
3 

. q',d 1 0)· r 

x 1,0 if tmax > ljim , or x ljim' r 1 t~ax if tmax ;::: ljim 
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Annex B 
(i nformative) 
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Thermal actions for external members - Simplified calculation method 

B.1 Scope 

(1) This method allows the determination of: 

the maximum temperatures of a compartment fire; 

the size and temperatures of the flame from openings; 

radiation and convection parameters. 

(2) This method considers steady-state conditions for the various parameters. The method is valid only for 
fire loads qf,d higher than 200 M,J/m2. 

B.2 Conditions of use 

(1) When there is more than one window in the relevant fire compartment, the weighted average height of 
windows heq , the total area of vertical openings Av and the sum of window widths (WI = LWj) are used. 

(2) When there are windows in only wall 1, the ratio O/W is given by: 

~ O/W= W2 @il (B.1) 
Wi 

(3) When there are windows on more than one wall, the ratio O/W has to be obtained as follows: 

where 

Wi is the width of the wall 1, assumed to contain the greatest window area; 

Avi is the sum of window areas on wall 1 ; 

W2 is the width of the wall perpendicular to wall 1 in the fire compartment. 

(4) When there is a core in the fire compartment, the ratio O/Whas to be obtained as follows: 

limits given in (7) apply; 

Le and We are the length and width of the core; 

Wi and W2 are the length and width of the 'fire compartment: 

(B.3) 

(5) All parts of an external wall that do not have the fire resistance (REI) required for the stability of the 
building should be classified as window areas. 
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(6) The total area of windows in an external wall is: 

the total area, according to (5), if it is less than 50 % of the area of the relevant external wall of the 
compartment; 

firstly the total area and secondly 50 % of the area of the relevant external wall of the compartment if, 
according to (5), the area is more than 50 %. These two situations should be considered for 
calculation. When using 50 % of the area of the external wall, the location and geometry of the open 
surfaces should be chosen so that the most severe case is considered. 

(7) The size of the fire compartment should not exceed 70 m in length, 18 m in width and 5 m in height. 

(8) The flame temperature should be taken as uniform across the width and the thickness of the flame. 

B.3 Effects of wind 

B.3.1 Mode of ventilation 

(1)P If there are windows on opposite sides of the fire compartment or if additional air is being fed to the 
fire from another source (other than windows), the calculation shall be done with forced draught 
conditions. Otherwise, the calculation is done with no forced draught conditions. 

B.3.2 Flame deflection by wind 

(1) Flames from an opening should be assumed to be leaving the fire compartment Figure B.1): 

perpendicular to the facade; 

with a deflection of 45° due to wind effects. 

2 

Key 
1 Wind 
2 Horizontal cross section 

Figure B.1 - Deflection of flame by wind 
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8.4 Characteristics of fire and flames 

B.4.1 No forced draught 

(1) The rate of burning or the rate of heat release is given by: 

(2) The temperature of the fire compartment is given by: 

-0,1/ 11 
Ii = 6 000 (1 - e /0 )0/2 (1 - e-0,00286 n) + To 

(3) The flame height (see Figure B.2) is given by: 

LL = max[o; heJ 2,37 ( Q 1/2 12/3 -1 '] l Av Pg ( heq g) j J 

[MW] 
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(8.4) 

(8.5) 

(B.6) 

NOTE With pg = 0,45 kg/m 3 and 9 = 9,81 m/s2 , this equation may be simplified to: 

[ 
y/3 

Lc = 1,9 ~ J - h,q (8.7) 

L 
1< H )1 

n 
horizontal cross section vertical cross section vertical cross section 

heq J,2 h;q heq heq 
LL =- ~ L1 = LH + g =2 L1=-

3 2 

Lf = LL + L1 
2 heq I l 2 

Lf = ~ LL + LH -:3) + L, 

heq<1,25wt wall above no wall above or heq> 1 ,25 Wt 

Figure B.2 - Flame dimensions, no through draught 
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(4) The flame width is the window width (see Figure B.2). 

(5) The flame depth is 2/3 of the window height: 2/3 heq (see Figure B.2). 

(6) The horizontal projection of flames: 

in case of a wall existing above the window, is given by: 

LH heq/3 if heq :s; 1 ,25 Wt 

LH 0,3 heq (heq I Wt)O,54 if heq > 1,25 Wt and distance to any other window> 4 Wt 

LH = 0,454 heq (heq 12Wt)o,54 in other cases 

- in case of a wall not existing above the window, is given by: 

(7) The flame length along axis is given by: 

when LL > ° 
Lf LL + heq 12 if wall exist above window or if heq :s; 1,25 Wt 

(L 2 1~ I Lf = (LL + H - heq 13)) + heq 2 if no wall exist above window or if heq > 1,25 Wt 

when LL = ° , then Lf = ° 
(8) The flame temperature at the window is given by: 

Tw 520 I ( 1 - 0,4725 (Lf . WI 10)) + To [K] 

with Lf . Wt 10 < 1 

(9) The emissivity of flames at the window may be taken as tf = 1,0 

(10) The flame temperature along the axis is given by: 

Tz = (Tw - To) (1 0,4725 (Lx' Wt 10)) + To [K] 

with 

Lx is the axis length from the window to the point where the calculation is made 

(11) The emissivity of flames may be taken as: 

tf = 1 -

where cit is the flame thickness [m] 

(12) The convective heat transfer coefficient is given by: 
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(13) If an awning or balcony (with horizontal projection: Wa) is located at the level of the top of the window 
on its whole width (see Figure B.3), for the wall above the window and heq ::; 1 Wt, the height and 
horizontal projection of the flame should be modified as follows: 

the flame height LL given in (3) is decreased by Wa (1 + ); 

- the horizontal projection of the flame given in (6), is increased by Wa. 

abc = Lf 

vertical cross section 

r------------
I 
I 

abc d e Lf and Wa a b 

vertical cross section 

Figure B.3 - Deflection of flame by balcony 

(14) With the same conditions for awning or balcony as mentioned in (13), in the case of no wall above the 
window or heq > 1,25 Wt, the height and horizontal projection of the flame should be modified as follows: 

the flame height LL given in (3) is decreased by Wa; 

the horizontal projection of the flame LH, obtained in (6) with the above mentioned value of LL is 
increased by Wa. 

B.4.2 Forced draught 

(1) The rate of burning or the rate of heat release is given by: 

(2) The temperature of the fire compartment is given by: 

~ 7f = 1 200 (1 - e-0,00228 £2) + To @il 

(3) The flame height (see Figure BA) is given by: 

1)°.43 
Q 

~ = 1,366 ----v2 - heq 
u A.: 

[MW] (B.18) 

(B.19) 

(8.20) 
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NOTE With u = 6 mis, ~ "" 0,628 Q I ~/2 -

horizontal cross section 

!Nt = Wt + 0,4 LH 

heq 

heq 

vertical cross section 

Lf = (LL
2 + LH2) 1/2 

Figure B.4 - Flame dimensions, through or forced draught 

(4) The horizontal projection of flames is given by: 

NOTE With u 6 mis, LH = 1,33 (LL + heq ) I heq 0,22 

(5) The flame width is given by: 

Wf = Wt + 0,4 LH 

(6) The flame length along axis is given by: 

(7) The flame temperature at the window is given by: 

Tw = 520/ (1 - 0,3325 Lf (Av) 1/2 / Q) + To 

with Lf (Av) 1/2 / Q < 1 

(8) The emissivity of flames at the window may be taken as cf = 1 ,0 

(9) The flame temperature along the axis is given by: 

= 1-03325 Lx (Av )1/2 ·}T _ T. )+ T. , Q wOO 

where 

[K] 

[K] 

Lx is the axis length from the window to the point where the calculation is made 
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(10) The emissivity of flames may be taken as: 

Ef = 1 -

where df is the flame thickness [m] 

(11) The convective heat transfer coefficient is given by: 

a c 9,8 (1 1 deq )0.4 ( Q/(17,5 Av )+ u/1,6 )0,6 

NOTE With u;:: 6 mls the convective heat transfer coefficient is given by: 

(Xc = 9,8 ( 11deq )0.4 ( Q/(17,5Av )+ 3,75 

(B.26) 

(B.27) 

(12) Regarding the effects of balconies or awnings, see Figure 8.5, the flame trajectory, after being 
deflected horizontally by a balcony or awning, is the same as before, i.e. displaced outwards by the depth 
of the balcony, but with a flame length Lf unchanged. 

a b = Lf abc = Lf 
Key 
1 Awning 

vertical cross section vertical cross section 

Figure 8.5 - Deflection of flame by awning 

8.5 Overall configuration factors 

(1) The overall configuration factor CPf of a member for radiative heat transfer from an opening should be 
determined from: 

where 

lPf 
(C1 CPf,1 + C2 CPf,2) d1 + (C3 CPf,3 + C4 CPf,4) d2 

(C1 + C2) d1 + (C3 + C4) 

CPf,i is the configuration factor of member face i for that opening, see annex G; 

~ is the cross-sectional dimension of member face i ; 

q is the protection coefficient of member face i as follows: 

(B.28) 
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- for a protected face: 

- for an unprotected face: Ci 

o 

(2) The configuration factor CPf,i for a member face from which the opening is not visible should be taken 
as zero. 

(3) The overall configuration factor (/>z of a member for radiative heat transfer from a flame should be 
determined from: 

(8.29) 

where 

(/>Z,i is the configuration factor of member face i for that flame, see annex G. 

(4) The configuration factors (/>z,i of individual member faces for radiative heat transfer from flames may be 
based on equivalent rectangular flame dimensions. The dimensions and locations of equivalent rectangles 
representing the front and sides of a flame for this purpose should be determined as given in annex G. 
For all other purposes, the flame dimensions given in 804 of this annex should be used. 

40 



Annex C 
(informative) 

Localised fires 
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(1) The thermal action of a localised fire can be assessed by using the expression given in this annex. 
Differences have to be made regarding the relative height of the flame to the ceiling. 

(2) The heat flux from a localised 'fire to a structural element should be calculated with expression (3.1), 
and based on a configuration factor established according to annex G. 

(3) The flame lengths Lf of a localised fire (see Figure C.1) is given by: 

Lf = 1,020+ 0,0148 Q2/5 [m] (C.1 ) 

(4) When the flame is not impacting the ceiling of a compartment (Lf < H; see Figure C.1) or in case of fire 
in open air, the temperature B(z) in the plume along the symetrical vertical flame axis is given by: 

(C.2) 

where 

o is the diameter of the fire [m], see Figure C.1 

Q is the rate of heat release [W] of the fire according to EA 

Qc is the convective part of the rate of heat release [W], with Qc = 0,8 Q by default 

z is the height [m] along the flame axis, see Figure C.1 

H is the distance [m] between the fire source and the ceiling, see Figure C.1 

Flame axis! 

Figure C.1 
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(5) The virtual origin Zo of the axis is given by: 

Zo -1,02 0 + 0,00524 0 2/5 [m] (C.3) 

(6) When the flame is impacting the ceiling (Lf 2:: H; see Figure C.2) the heat flux h [W 1m2] received by the 
fire exposed unit surface area at the level of the ceiling is given by: 

h = 100000 

h = 136300 to 121 000 y 

h 15 000 .v3
,7 

where 

Y is a parameter [-] given by: 

if y:; 0,30 

if 0,30 < Y < 1,0 (C.4) 

if y2:: 1,0 

r is the horizontal distance [m] between the vertical axis of the fire and the point along the ceiling where 
the thermal flux is calculated, see Figure C.2 

H is the distance [m] between the fire source and the ceiling, see Figure C.2 

___ ~h 

H 

Figure C.2 

(7) Lh is the horizontal flame length (see Figure C.2) given by the following relation: 

[m] (C.5) 

(8) O~ is a non-dimensional rate of heat release given by: 

* 6 OH = 0 1(1,11 ·10 . [-] (C.6) 

(9) i is the vertical position of the virtual heat source [m] and is given by: 

.2/5 .2/3 * 
z' = 2,4 O(OD 0D) when OD < 1,0 (C.7) 

* 2/5 
z' 2,4 0(1,0 - OD ) when O~ 2:: 1,0 

where 
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(C.B) 

(10) The net heat flux hnet received by the fire exposed unit surface area at the level of the ceiling, is given 
by: 

. 4 4 
h - ac . (em - 20) - rP· Em . Ef . (5. [ (em + 273) - (293) ] (C.9) 

where the various coefficients depend on expressions (3.2). (3.3) and (CA). 

(11) The rules given in (3) to (10) inclusive are valid if the following conditions are met: 

- the diameter of the fire is limited by D::; 10m; 

- the rate of heat release of the fire is limited by Q::; 50 MW. 

(12) In case of several separate localised fires, expression (CA) may be used in order to get the different 

individual heat fluxes 17 1. 17 2 . •• received by the fire exposed unit surface area at the level of the ceiling. 
The total heat flux may be taken as: 

(C.10) 
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D.1 One-zone models 

Annex D 
(informative) 

Advanced fire models 

(1) A one-zone model should apply for post-flashover conditions. Homogeneous temperature, density, 
internal energy and pressure of the gas are assumed in the compartment. 

(2) The temperature should be calculated considering: 

tile resolution of mass conservation and energy conservation equations; 

the exchange of mass between the internal gas, the external gas (through openings) and the fire 
(pyrolysis rate); 

the exchange of energy between the fire, internal gas, walls and openings. 

(3) The ideal gas law considered is: 

(4) The mass balance of the compartment gases is written as 

dm. . . 
-=min -mOUI +mfi 
dt 

where 

dm 

dt 
is the rate of change of gas mass in the fire compartment 

is the rate of gas mass going out through the openings 

is the rate of gas mass coming in through the openings 

is the rate of pyrolysis products generated 

[kg/s] 

(5) The rate of change of gas mass and the rate of pyrolysis may be neglected. Thus 

(0.1 ) 

(0.2) 

(0.3) 

These mass nows may be calculated based on static pressure due to density differences between air at 
ambient and high temperatures, respectively. 

(6) The energy balance of the gases in the fire compartment may be taken as: 

dEg -- = Q- Qout + qn -Qwall-Qrad 
dt 

where 
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is the internal energy of gas 

o is the rate of heat release of the fire 

[J] 

[W] 

Owall (At - Ah,v) hnet , is the loss of energy to the enclosure surfaces 

Orad = A"v a 7j4 , is the loss of energy by radiation through the openings 

with: 

c is the specific heat 

h net is given by expression (3.1) 

m 

T 

is the gas mass rate 

is the temperature 

0.2 Two-zone models 

[J/kgK] 

[kg/s] 

[K] 
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(1) A two-zone model is based on the assumption of accumulation of combustion products in a layer 
beneath the ceiling, with a horizontal interface. Different zones are defined: the upper layer, the lower 
layer, the fire and its plume, the external gas and walls. 

(2) In the upper layer, uniform characteristics of the gas may be assumed. 

(3) The exchanges of mass, energy and chemical substance may be calculated between these different 
zones. 

(4) In a given fire compartment with a uniformly distributed fire load, a two-zone fire model may develop 
into a one-zone fire in one of the following situations: 

if the gas temperature of the upper layer gets higher than 500 °C, 

if the upper layer is growing so to cover 80% of the compartment height. 

0.3 Computational fluid dynamic models 

(1) A computational fluid dynamic model may be used to solve numerically the partial differential equations 
giving, in all points of the compartment, the thermo-dynamic and aero-dynamic variables. 

NOTE Computational fluid dynamic models, or CFD, analyse systems involving IIuid flow, heat transfer and 
associated phenomena by solving the fundamental equations of the fluid flow. These equations represent the 
mathematical statements of the conservation laws of physics: 

the mass of a fluid is conserved; 

the rate of change of momentum equals the sum of the forces on a fluid particle (Newton's second law); 

the rate of change of energy is equal to the sum of the rate of heat increase and the rate of work done on 
a fluid particle (first law of thermodynamics). 
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E.1 General 

Annex E 
(informative) 

Fi re load densities 

(1) The fire load density used in calculations should be a design value, either based on measurements or 
in special cases based on fire resistance requirements given in national regulations. 

(2) The design value may be determined: 

from a national fire load classification of occupancies; and/or 

specific for an individual project by periorming a fire load survey. 

(3) The design value of the fire load qf,d is defined as: 
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where 

m 

10 

On = IT Oni 
i=1 

Compartment 

(E.1 ) 

is the combustion factor (see E.3) 

is a factor taking into account the fire activation risk due to the size of the 
compartment (see Table E.1) 

is a factor taking into account the fire activation risk due to the type of 
occupancy (see Table E.1) 

is a factor taking into account the different active fire fighting measures i 
(sprinkler, detection, automatic alarm transmission, firemen ... ). These active 
measures are generally imposed for life safety reason (see Table E.2 and 
clauses (4) and (5)). 

is the characteristic fire load density per unit 'floor area [MJ/m2] 
(see f.i. Table EA) 

Table E.1 - Factors Oq1 , Oq2 

Danger of Danger of Examples 
Fire Activation Fire Activation of 

floor area Af [m2] 
Sql Sq2 Occupancies 

25 1,10 0,78 
artgallery, museum, 
swimming pool 

250 1,50 1,00 
offices,residence, hotel, 
paper industry 

2500 1,90 1,22 
manufactory for machinery 
& engines 

5000 2,00 1,44 
chemical laboratory, 
painting workshop 

10000 2,13 1,66 manufactory of fireworks 
or paints 



Bni 

Table E.2 Factors 8n i 

Function of Active Fire Fighting Measures 
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Automatic Fire Suppression Automatic Fire Detection Manual Fire Suppression 

Automatic Independent Automatic fire Automatic Work Off Site Safe Fire Smoke 
Water Water Detection Alarm Fire Fire Access Fighting Exhaust 

Extingu ish ing Supplies & Alarm Transmission Brigade Brigade Routes Devices System 
System 

by by 
to 

01 1 1 2 Heat Smoke 
Fire Brigade 

Bn1 Bn2 Bn3 Bn4 Bn5 Bn6 Bn7 Bn8 Bn9 Bn10 

0,61 1,°1°,87 1°,7 0,87 or 0,73 0,87 0,61 or 0,78 0,9 or 1 
1,0 or 1,5 1,0 or 1,5 

or 1,5 

(4) For the normal 'fire fighting measures, which should almost always be present, such as the safe 
access routes, fire 'fighting devices, and smoke exhaust systems in staircases, the 8ni values of Table E.2 
should be taken as 1,0. However, if these fire fighting measures have not been foreseen, the 
corresponding 8ni value should be taken as 1,5. 

(5) If staircases are put under overpressure in case of fire alarm, the factor Dn8 of Table E.2 may be taken 
as 0,9. 

(6) The preceding approach is based on the assumption that the requirements in the relevant European 
Standards on sprinklers, detection, alarm, smoke exhaust systems are met, see also 1.3. However local 
circumstances may influence the numbers given in Table E.2. Reference is made to the Background 
Document CENfTC250/SC1/N300A. 

E.2 Determination of fire load densities 

E.2.1 General 

(1) The fire load should consist of all combustible building contents and the relevant combustible parts of 
the construction, including linings and finishings. Combustible parts of the combustion which do not char 
during the fire need not to be taken into account. 

(2) The following clauses apply for the determination of fire load densities: 

from a fire load classification of occupancies (see E.2.5); and/or 

specific for an individual project (see E.2.6). 

(3) Where fire load densities are determined from a fire load classification of occupancies, fire loads are 
distinguished as: 

fire loads from the occupancy, given by the classification; 

fire loads from the building (construction elements, linings and finishings) which are generally not 
included in the classification and are then determined according to the following clauses, as relevant. 

E.2.2 Definitions 

(1) The characteristic fire load is defined as: 

Ofi,k =:E Mk,i . HUi . 'l'i =:E Ofi,k,i [MJ] (E.2) 

where 
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Mk,i is the amount of combustible material [kg], according to (3) and (4) 

HUi is the net calorific value [MJ/kg], see (E.2.4) 

[If'i] is the optional factor for assessing protected fire loads, see (E.2.3) 

(2) The characteristic fire load density qf,k per unit area is defined as: 

where 

(E.3) 

A is the Hoor area (Af) of the fire compartment or reference space, or inner surface area (At) of the fire 
compartment, giving qf,k or qt,k 

(3) Permanent fire loads, which are not expected to vary during the service life of a structure, should be 
introduced by their expected values resulting from the survey. 

(4) Variable fire loads, which may vary during the service life of a structure, should be represented by 
values, which are expected not to be exceeded during 80 % of time. 

E.2.3 Protected fire loads 

(1) Fire loads in containments which are designed to survive fire exposure need not be considered. 

(2) Fire loads in non-combustible containments with no specific fire design, but which remain intact during 
fire exposure, may be considered as follows: 

The largest fire load, but at least 10 % of the protected fire loads, is associated with If'i = 1,0. 

If this fire load plus the unprotected fire loads are not sufficient to heat the remaining protected fire loads 
beyond ignition temperature, then the remaining protected fire loads may be associated with I.Ji 0,0. 

Otherwise, If'i values need to be assessed individually. 

E.2.4 Net calorific values 

(1) Net calorific values should be determined according to EN ISO 1716:2002. 

(2) The moisture content of materials may be taken into account as follows: 

Hu = Huo (1 - 0,01 u) - 0,025 u [MJ/kg] (E.4) 

where 

u is the moisture content expressed as percentage of dry weight 

Huo is the net calorific value of dry materials 

(3) Net calorific values of some solids, liquids and gases are given in Table E.3. 
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Table E.3 - Net calorific values Hu [MJ/kg] of combustible materials for calculation of fire loads 

Solids 

Wood 17,5 
Other cellulosic materials 20 

• Clothes 
• Cork 

• Cotton 

• Paper, cardboard 

• Silk 

• Straw 

• Wool 
C, lrbon 30 

• Anthracit 

• Charcoal 

• Coal 
Chemicals 
Paraffin series 50 

• Methane 

• Ethane 

• Propane 

• Butane 
Olefin series 45 

• Ethylene 

• Propylen 

• Butene 
Aromatic series 40 

• Benzene 

• Toluene 
Alcohols 30 

• Methanol 

• Ethanol 

• Ethyl alcohol 
Fuels 45 

• Gasoline, petroleum 

• Diesel 
Pure hydrocarbons plastics 40 

• Polyethylene 

• Polystyrene 

• Polypropylene 
Other products 

ABS (plastic) 35 
Polyester (plastic) 30 
Polyisocyanerat and polyurethane (plastics) 25 
Polyvinylchloride, PVC (plastic) 20 
Bitumen, asphalt 40 
Leather 20 
Linoleum 20 
Rubber tyre 30 

NOTE The values given in this table are not applicable for calculating 
energy content of fuels. 
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E.2.5 Fire load classification of occupancies 

(1) The fire load densities should be classified according to occupancy, be related to the floor area, and be 
used as characteristic 'fire load densities qf,k [MJ/m2], as given in Table E.4. 

Table E.4 - Fire load densities qf,k [MJ/m2] for different occupancies 

Occupancy Average 80% Fractile 

Dwelling 780 948 

Hospital (room) 230 280 

Hotel (room) 310 377 

Library 1 500 1 824 

Office 420 511 

Classroom of a school 285 347 

Shopping centre 600 730 

Theatre (cinema) 300 365 

Transport (public space) 100 122 

NOTE Gumbel distribution is assumed for the 80 % fractile. 

(2) The values of the fire load density qf,k given in Table E.4 are valid in case of a factor Oq2 equal to 1,0 
(see Table E.1). 

(3) The fire loads in Table E.4 are valid for ordinary compartments in connection with the here given 
occupancies. Special rooms are considered according to E.2.2. 

(4) Fire loads from the building (construction elements, linings and finishings) should be determined 
according to E.2.2. These should be added to the fire load densities of (1) if relevant. 

E.2.6 Individual assessment of fire load densities 

(1) In the absence of occupancy classes, fire load densities may be specifically determined for an 
individual project by performing a survey of fire loads from the occupancy. 

(2) The fire loads and their local arrangement should be estimated considering the intended use, 
furnishing and installations, variations with time, unfavourable trends and possible modifications of 
occupancy. 

(3) Where available, a survey should be performed in a comparable existing project, such that only 
possible differences between the intended and existing project need to be specified by the client. 

E.3 Combustion behaviour 

(1) The combustion behaviour should be considered in function of the occupancy and of the type of fire 
load. 

(2) For mainly cellulosic materials, the combustion factor may be assumed as m = 0,8. 
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E.4 Rate of heat release Q 

(1) The growing phase may be defined by the expression: 

Q=10
6 

[ t: J' 
where 

Q is the rate of heat release in [W] 

is the time in [s] 

tex is the time needed to reach a rate of heat release of 1 MW. 
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(E.5) 

(2) The parameter ta and the maximum rate of heat release RHRf , for different occupancies, are given in 
Table E.5 

Table E.5 Fire growth rate and RHRf for different occupancies 

Max Rate of heat release RHRf 

Occupancy Fire growth rate ta [s] RHRf [kW 1m2] 

Dwelling Medium 300 250 

Hospital (room) Medium 300 250 

Hotel (room) Medium 300 250 

Library Fast 150 500 

Office Medium 300 250 

Classroom of a school Medium 300 250 

Shopping centre Fast 150 250 

Theatre (cinema) Fast 150 500 

Transport (public space) Slow 600 250 

(3) The values of the fire growth rate and RHRf according to Table E.5 are valid in case of a factor Oq2 

equal to 1,0 (see Table E.1). 

(4) For an ultra-fast fire spread, ta corresponds to 75 s. 

(5) The growing phase is limited by an horizontal plateau corresponding to the stationnary state and to a 
value of Q given by (RHRt . Afj) 

where 

Afi is the maximum area of the fire [m2
] which is the fire compartment in case of uniformly distributed 

fire load but which may be smaller in case of a localised fire. 

RHRf is the maximum rate of heat release produced by 1 m2 of fire in case of fuel controlled conditions 
[kW/m2] (see Table E.5). 

(6) The horizontal plateau is limited by the decay phase which starts when 70 % of the total fire load has 
been consumed. 

(7) The decay phase may be assumed to be a linear decrease starting when 70 % of the fire load has 
been burnt and completed when the fire load has been completely burnt. 
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(8) If the fire is ventilation controlled, this plateau level has to be reduced following the available oxygen 
content, either automatically in case of the use of a computer program based on one zone model or by the 
simplified expression: 

010.m.H, . Ll . rjJ 
1 U rv V' 'eq [MW] (E.6) 

where 

Av is the opening area [m2
] 

heq is the mean height of the openings [m] 

Hu is the net calorific value of wood with Hu 17,5 MJ/kg 

m is the combustion factor with m = 0,8 

(9) When the maximum level of the rate of heat release is reduced in case of ventilation controlled 
condition, the curve of the rate of heat release has to be extended to correspond to the available energy 
given by the fire load. If the curve is not extended, it is then assumed that there is external burning, which 
induces a lower gas temperature in the compartment. 
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Annex F 
(i nformative) 

Equivalent time of fire exposure 

(1) The following approach may be used where the design of members is based on tabulated data or 
other simplified rules, related to the standard 'fire exposure. 

NOTE The method given in this annex is material dependent. It is not applicable to composite steel and concrete 
or timber constructions. 

(2) If 'fire load densities are specified without specific consideration of the combustion behaviour (see 
annex then this approach should be limited to "fire compartments with mainly cellulosic type fire loads. 

(3) The equivalent time of standard fire exposure is defined by: 

[min] (F.1 ) 

where 

qf,d is the design fire load density according to annex E, whereby C/t,d qf,d' Af / At 

kb is the conversion factor according to (4) 

Wf is the ventilation factor according to (5), whereby tNt = Wt· At / At 

kc is the correction factor function of the material composing structural cross-sections and defined in 
Table F.1. 

Table F.1 - Correction factor Icc in order to cover various materials. 
(0 is the opening factor defined in annex A) 

Cross-section material Correction factor kc 

Reinforced concrete 1,0 

Protected steel 1,0 

Not protected steel 13,7·0 

(4) Where no detailed assessment of the thermal properties of the enclosure is made, the conversion 
factor kb may be taken as: 

kb = 0,07 when qd is given in [MJ/m2] (F.2) 

otherwise kb may be related to the thermal property b ~(pc;\) of the enclosure according to Table F.2. 

For determining b for multiple layers of material or different materials in walls, floor, ceiling, see annex A 
(5) and (6). 

53 



BS EN 1991-1-2:2002 
EN 1991-1-2:2002 (E) 

Table F.2 - Conversion factor kb depending on the thermal properties of the enclosure 

b = ~pCA kb 

[J/m2s 1/2K] [min· m2/M,J] 

b> 250O 0,04 

720:::; b:::; 250O 0,055 

b< 720 0,07 

(5) The ventilation factor Wf may be calculated as: 

!Nt = ( 6,0 I H )0,3 [0,62 + 90(0,4 - (Xv)4 1(1 + bv (Xh)] ~ 0,5 [-] 

where 

(F.3) 

(Xv = Av IAf is the area of vertical openings in the fagade (Av) related to the floor area of the 
compartment (Af) where the limit 0,025:::; (Xv :::; 0,25 should be observed 

(Xh = AhlAf is the area of horizontal openings in the roof (Ah) related to the floor area of the 
compartment (Af) 

2 
bv= 12,5 (1 + 10 (Xv - (Xv) ~ 10,0 

H is the height of the fire compartment [m] 

For small fire compartments [Af < 100 m2
] without openings in the roof, the factor Wf may also be 

calculated as: 

Wf = 0-112
. Afl At (FA) 

where 

o is the opening factor according to annex A 

(6) It shall be verified that: 

te,d < tfi,d (F.5) 

where 

tfi,d is the design value of the standard fire resistance of the members, assessed according to the fire 
Parts of prEN 1992 to prEN 1996 and prEN 1999. 
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Annex G 
(informative) 

Configuration factor 
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(1) The configuration factor @ is defined in 1.5.4.1, which in a mathematical form is given by: 

dF - cos 81 cos 82 dA 
d1-d2 - 8 2 2 

TT 1-2 

(G.1 ) 

The configuration factor measures the fraction of the total radiative heat leaving a given radiating surface 
that arrives at a given receiving surface. Its value depends on the size of the radiating surface, on the 
distance from the radiating surface to the receiving surface and on their relative orientation (see 
Figure G.1). 

Figure G.1 - Radiative heat transfer between two infinitesimal surface areas 

(2) In cases where the radiator has uniform temperature and emissivity, the definition can be simplified to : 
"the solid angle within which the radiating environment can be seen from a particular infinitesimal surface 
area, divided by 2n." 

(3) The radiative heat transfer to an infinitesimal area of a convex member surface is determined by the 
position and the size of the fire only (position effect). 

(4) The radiative heat transfer to an infinitesimal area of a concave member surface is determined by the 
position and the size of the fire (position effect) as well as by the radiation from other parts of the member 
(shadow effects). 
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(5) Upper limits for the configuration factor <I> are given in Table G.1. 

Table G.1 - Limits for configuration factor cP 

Localised 

position effect cP::; 1 
, 

shadow effect 
convex CP=1 

i concave cP::; 1 

G.2 Shadow effects 

Fully developed 

CP=1 
cP 1 

l/> ::; 1 

(1) Specific rules for quantifying the shadow effect are given in the material orientated parts of the 
Eurocodes. 

G.3 External members 

(1) For the calculation of temperatures in external members, all radiating surfaces may be assumed to be 
rectangular in shape. They comprise the windows and other openings in fire compartment walls and the 
equivalent rectangular surfaces of flames, see annex B. 

(2) In calculating the configuration factor for a given situation, a rectangular envelope should first be drawn 
around the cross-section of the member receiving the radiative heat transfer, as indicated in Figure G.2 
(This accounts for the shadow effect in an approximate way). The value of cP should then be determined 
for the mid-point P of each face of this rectangle. 

(3) The configuration factor for each receiving surface should be determined as the sum of the 
contributions from each of the zones on the radiating surface (normally four) that are visible from the point 
P on the receiving surface, as indicated in Figures G.3 and G.4. These zones should be defined relative 
to the point X where a horizontal line perpendicular to the receiving surface meets the plane containing the 
radiating surface. No contribution should be taken from zones that are not visible from the point P, such as 
the shaded zones in Figure G.4. 

(4) If the point X lies outside the radiating surface, the effective configuration factor should be determined 
by adding the contributions of the two rectangles extending from X to the farther side of the radiating 
surface, then subtracting the contributions of the two rectangles extending from X to the nearer side of the 
radiating surface. 

(5) The contribution of each zone should be determined as follows: 

p p p 

p p 

Key 
1 Envelope 

Figure G.2 - Envelope of receiving surfaces 
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a) receiving surface parallel to radiating surface: 

where 

a hIs 

b wI s 

s is the distance from P to X; 

h is the height of the zone on the radiating surface; 

w is the width of that zone. 

b) receiving surface perpendicular to radiating surface: 
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(G.2) 

(G.3) 

c) receiving surface in a plane at an angle e to the radiating surface: 

Key 
a Radiating surface 
b Receiving surface 

acos 8 [ 
-( a-2-+-s-i-n 2-8---:--- tan-

1 

, 
, 
, , 
, , 
I 

I , , 
, 
I , 
, , 

-'--

-1 [ cos 8 il] 
+ tan (a2 + sin2 e )0,5 )J 

a 
.............. 

......... , ... 

3 

4 

Figure G.3 - Receiving surface in a plane parallel to that of the radiating surface 

(GA) 
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Key 
a Radiating surface 
b Receiving surface 

b 

a 

x 

2 

Figure G.4 - Receiving surface perpendicular to the plane of the radiating surface 

Key 
1 Radiating surface 
2 Receiving surface 

w 

h 

s 
p 

x 
2 

Figure G.S - Receiving surface in a plane at an angle 8 to that of the radiating surface 
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Foreword 

This document (EN 1991-1-3:2003) has been prepared by Technical 
Committee CENITC250 "Structural Eurocodes", the Secretariat of which is held 
by BSI. 

This European Standard shall be given the status of a National Standard, either 
by publication of an identical text or by endorsement, at the latest by January 2004, 
and conflicting National Standards shall be withdrawn at the latest by March 2010. 

This document supersedes ENV 1991-2-3: 1995. 

CEN/TC250 is responsible for all Structural Eurocodes. 

Annexes A and B are normative. Annexes C, D and E are informative. 

According to the CEN-CENELEC Internal Regulations, the National Standard 
Organisations of the following countries are bound to implement this European 
Standard: Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, 
Greece, Hungary, Iceland, Ireland, Italy, Luxembourg , Malta, Netherlands, Nor
way, Portugal , Slovakia, Spain, Sweden, Switzerland and the United Kingdom . 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action 
programme in the field of construction, based on article 95 of the Treaty. The 
objective of the programme was the elimination of technical obstacles to trade 
and the harmonisation of technical specifications. 

Within this action programme, the Commission took the initiative to establish a 
set of harmonised technical rules for the design of construction works which , in 
a first stage, would serve as an alternative to the national rules in force in the 
Member States and, ultimately, would replace them. 

For fifteen years , the Commission, with the help of a Steering Committee with 
Representatives of Member States, conducted the development of the Eurocodes 
programme, which led to the first generation of European codes in the 1980's. 

In 1989, the Commission and the Member States of the EU and EFTA decided, 
on the basis of an agreement1 between the Commission and CEN, to transfer 
the preparation and the publication of the Eurocodes to the CEN through a 
series of Mandates, in order to provide them with a future status of European 
Standard (EN). This links de facto the Eurocodes with the provisions of all the 
Council 's Directives and/or Commission's Decisions dealing with European 

, Agreement between the Commiss ion of the European Communities and the European Committee for Standardisation 
(CEN) concerning the work on EUROCODES for the design of building and civil eng ineering works (8C/CENI03/89). 
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standards (e .g. the Council Directive 89/1 06/EEC on construction products and 
Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works 
and services and equivalent EFTA Directives initiated in pursuit of setting up 
the internal market). 

The Structural Eurocode programme comprises the following standards 
generally consisting of a number of Parts: 

Eurocode: 
Eurocode 1: 
Eurocode 2: 
Eurocode 3: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 
Design of steel structures 

EN 1990 
EN 1991 
EN 1992 
EN 1993 
EN 1994 Eurocode 4: Design of composite steel and concrete 

structures 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 

Design of timber structures 
Design of masonry structures 
Geotechnical design 

EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode 8: 
Eurocode 9: 

Design of structures for earthquake resistance 
Design of aluminium structures 

Eurocode standards recognise the responsibility of regulatory authorities in 
each Member State and have safeguarded their right to determine values 
related to regulatory safety matters at national level where these continue to 
vary from State to State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFTA recognise that EUROCODES serve 
as reference documents for the following purposes : 
- as a means to prove compliance of building and civil engineering works with 
the essential requ irements of Council Directive 89/106/EEC, particularly 
Essential Requirement N°1 - Mechanical resistance and stability - and 
Essential Requirement N°2 - Safety in case of fire; 

- as a basis for specifying contracts for construction works and related 
engineering services; 

- as a framework for drawing up harmonised technical specifications for 
construction products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, 
have a direct relationship with the Interpretative Documents2 referred to in 
Article 12 of the CPO, although they are of a different nature from harmonised 
product standards3

. Therefore, technical aspects arising from the Eurocodes 

? 
- According to Arl . 3.:1 of the CPD. the essent ial rt:qu irements (ERs) shall be givell concrete form in interpreta tive docu ments for 

:I 
the crealion of the necessary li nks between the essenti al requi re ments and the rn:lI1dales for hENs and ETAGsIETAs. 

According 10 Art. 12 of lhe CPD the interpreta ti ve documents shall. 
a) give concrete form to the essential r<Xj uircments by harmoni sing the termi nology and the technical bases and indicating claSSeS or levels 

for each requi rement where ne.cessary ; 
b) ind icate methods of correla ti ng these classes or levels of requirement with the technical specifications. e.g. methods or calculat ion and of 

proof. technica l rules for projec t design. etc. : 
c) se rve as a reference for t.he es tabli shment of hamlOni sed standards and guideli nes fo r European techn ical approvals 
The Eurocodes. de.filc/u, play a . iJll il ar role in the fi eld of the ER I and a pan of ER 2. 
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work need to be adequately considered by CEN Technical Committees and/or 
EOTA Working Groups working on product standards with a view to achieving 
a full compatibility of these technical specifications with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday 
use for the design of whole structures and component products of both a 
traditional and an innovative nature. Unusual forms of construction or design 
conditions are not specifically covered and additional expert consideration will 
be required by the designer in such cases. 

National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of 
the Eurocode (including any annexes) , as published by CEN , which may be 
preceded by a National title page and National foreword, and may be followed 
by a National Annex. 

The National Annex may only contain information on those parameters which 
are left open in the Eurocode for national choice, known as Nationally 
Determined Parameters, to be used for the design of buildings and civil 
engineering works to be constructed in the country concemed, i.e. : 

- values for partial factors and/or classes where alternatives are given in the 
Eurocode, 

- values to be used where a symbol only is given in the Eurocode, 

- country specific data (geographical, climatic etc .), e.g. snow map, 

- the procedure to be used where alternative procedures are given in the 
Eurocode. 

It may also contain 

- decisions on the application of informative annexes , 

- references to non-contradictory complementary information to assist the user 
to apply the Eurocode . 

Links between Eurocodes and harmonised technical specifications (ENs 
and ETAs) for products 

There is a need for consistency between the harmonised technical 
specifications for construction products and the technical rules for works4. 
Furthermore, all the information accompanying the CE Marking of the 
construction products which refer to Eurocodes should clearly mention which 
Nationally Determined Parameters have been taken into account. 

Introduction - Additional information specific for EN 1991-1-3 
EN 1991 1-3 gives design guidance and actions from snow for the structural 
design of buildings and civil engineering works. 

4 
sec Art. ::U and An. 12 of the C PD, as we ll as c lauses 4.2, 4.l. l , 4.~.2 and 5.2 o f ID I . 
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EN 1991 1-3 is intended for clients, designers, contractors and public 
authorities. 

EN 1991 1-3 is intended to be used with EN 1990:2002, the other Parts of EN 
1991 and EN 1992- EN 1999 for the design of structu res. 

National Annex for EN1991-1-3 
This standard gives alternative procedures, values and recommendations for 
classes with notes indicating where national choices may have to be made. 
Therefore the l\Jational Standard implementing EN 1991-1-3 should have a 
National Annex containing nationally determined parameters to be used for the 
design of buildings and civil engineering works to be constructed in the 
relevant country. 

National choice is allowed in EN 1991-1-3 through clauses 
1.1(2),1.1(3),1.1(4) 

2(3),2(4) 

3.3(1), 3.3(3), 
4.1 (1), 4.1 (2), 4.2(1),4.3(1) 
5.2(2),5.2(5),5.2(6),5.2(7),5.2(8),5.3.3(4), 5.3.4(3), 5.3.4(4), 5.3.5(1), 

5.3.5(3), 5.3.6(1), 

6.2(2), 6.3(1), 6.3(2) 

A(1) (through Table A 1) 
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1. Section 1 General 

1.1. Scope 

(1) EN 1991-1-3 gives guidance to determine the values of loads due to snow 
to be used for the structural design of buildings and civil engineering works. 

(2) This Part does not apply for sites at altitudes above 1 500 m, unless 
otherwise specified. 

E9 NOTE: Advice for the treatment of snow loads for altitudes above 1 500 m may be found in 
the National Annex. ~ 

(3) Annex A gives information on design situations and load arrangements to 
be used for different locations. 

NOTE: These different locations may be identified by the National Annex. 

(4) Annex B gives shape coefficients to be used for the treatment of 
exceptional snow drifts. 

NOTE: The use of Annex B is allowed through the National Annex . 

(5) Annex C gives characteristic values of snow load on the ground based on 
the results of work carried out under a contract specific to this Eurocode, to 
DGIII / 03 of the European Commission. 
The objectives of this Annex are: 
- to give information to National Competent Authorities to help them to redraft 

and update their national maps; 
- to help to ensure that the established harmonised procedures used to 

produce the maps in this Annex are used in the member states for treating 
their basic snow data. 

(6) Annex 0 gives guidance for adjusting the ground snow loads according to 
the return period. 

(7) Annex E gives information on the bulk weight density of snow. 

(8) This Part does not give guidance on specialist aspects of snow loading, for 
example: 
- impact snow loads resulting from snow sliding off or falling from a higher 

roof ; 
- the additional wind loads which could result from changes in shape or size 

of the construction works due to the presence of snow or the accretion of 
ice; 

- loads in areas where snow is present all year round; 
- ice loading; 
- lateral loading due to snow (e.g. lateral loads exerted by drifts); 
- snow loads on bridges. 
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1.2. Normative references 

This European Standard incorporates by dated or undated references 
provisions from other publications. These normative references are cited at the 
appropriate place in the text, and publications are listed hereafter. 
For dated references, subsequent amendments to, or revisions of any of these 
publications apply to this European Standard only when incorporated in it by 
amendment or revision. For undated references, the latest edition of the 
publication referred to applies (including amendments) . 

EN 1990:2002 

EN 1991-1-1:2002 

Eurocode: Basis of structural design 

Eurocode 1: Actions on structures Part 1-1: General 
actions: Densities self weight and imposed loads for 
buildings 

NOTE: The following European Standards, which are published or in preparation, are cited in 
normative clauses 

EN 1991-2 

1.3. Assumptions 

Eurocode 1: Actions on structures 
Part 2: Traffic loads on bridges 

The statements and assumptions given in EN 1990:2002, 1.3 apply to EN 
1991-1-3. 

1.4. Distinction between Principles and Application Rules 

The rules given in EN 1990:2002,1.4 apply to EN 1991-1-3. 

1.5. Design assisted by testing 

In some circumstances tests and proven and/or properly validated numerical 
methods may be used to obtain snow loads on the construction works. 

NOTE: The circumstances are those agreed for an individual project, with the client and the 
relevant Authority. 
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1.6. Terms and Definitions 

For the purposes of this European standard, a basic list of terms definitions 
given in EN 1990:2002, 1.5 apply together with the following . 

1.6.1 
characteristic value of snow load on the ground 
snow load on the ground based on an annual probability of exceedence of 
0,02, excluding exceptional snow loads. 

1.6.2 
altitude of the site 
height above mean sea level of the site where the structure is to be located, or 
is already located for an existing structure. 

1.6.3 
exceptional snow load on the ground 
load of the snow layer on the ground resulting from a snow fall which has an 
exceptionally infrequent likelihood of occurring. 

NOTE: See notes to 2(3) and 4.3(1). 

1.6.4 
characteristic value of snow load on the roof 
product of the characteristic snow load on the ground and appropriate 
coefficients. 

NOTE: These coefficients are chosen so that the probability of the calculated snow load on the 
roof does not exceed the probability of the characteristic value of the snow load on the ground. 

1.6.5 
undrifted snow load on the roof 
load arrangement which describes the uniformly distributed snow load on the 
roof, affected only by the shape of the roof , before any redistribution of snow 
due to other climatic actions. 

1.6.6 
drifted snow load on the roof 
load arrangement which describes the snow load distribution resulting from 
snow having been moved from one location to another location on a roof, e.g. 
by the action of the wind. 

1.6.7 
roof snow load shape coefficient 
ratio of the snow load on the roof to the undrifted snow load on the ground, 
without the influence of exposure and thermal effects . 

10 
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coefficient defining the reduction of snow load on roofs as a function of the 
heat flux through the roof, causing snow melting. 

1.6.9 
exposure coefficient 
coefficient defining the reduction or increase of load on a roof of an unheated 
building, as a fraction of the characteristic snow load on the ground. 

1.6.10 
load due to exceptional snow drift 
load arrangement which describes the load of the snow layer on the roof 
resulting from a snow deposition pattern which has an exceptionally in"frequent 
likelihood of occurring. 

1.7. Symbols 

(1) For the purpose of this European standard, the following symbols apply. 

NOTE: The notation used is based on ISO 3898 

(2) A basic list of notations is given in EN 1990:2002 1.6, and the additional 
notations below are specific to this Part. 

Latin upper case letters 

Ce Exposure coefficient 

Ct Thermal coefficient 

Cesl Coefficient for exceptional snow loads 

A Site altitude above sea level [m] 

Se Snow load per metre length due to overhang [kN/m] 

Fs Force per metre length exerted by a sliding mass of snow [kN/m] 

Latin lower case letters 

b Width of construction work [m] 

d Depth of the snow layer [m] 

h Height of construction work [m] 

k Coefficient to take account of the irregular shape of snow (see also 6.3) 

Length of snow drift or snow loaded area [m] 
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S Snow load on the roof [kN/m2] 

Sk Characteristic value of snow on the ground at the relevant site [kN/m2] 

SAd Design value of exceptional snow load on the ground [kN/m2] 

Greek Lower case letters 

a 

fJ 

y 

ljIo 

Pitch of roof, measured from horizontal [0] 

Angle between the horizontal and the tangent to the curve for a 
cylindrical roof [0] 

Weight density of snow [kN/m 3
] 

snow load shape coefficient 

Factor for combination value of a variable action 

Factor for frequent value of a variable action 

Factor for quasi-permanent value of a variable action 

NOTE: For the purpose of this standard the units specified in the above list apply. 

12 



2. Section 2 Classification of actions 

BS EN 1991-1-3:2003 
EN 1991-1-3:2003 (E) 

(1)P Snow loads shall be classified as variable, fixed actions (see also 5.2), 
unless otherwise specified in this standard, see EN 1990:2002, 4.1.1 (1)P and 
4.1.1 (4). 

(2) Snow loads covered in this standard should be classi'fied as static actions, 
see EN 1990:2002, 4.1.1 (4). 

(3) In accordance with EN 1990:2002, 4.1.1 (2), for the particular condition 
defined in 1.6.3, exceptional snow loads may be treated as accidental actions 
depending on geographical locations. 

NOTE: The National Annex may give the conditions of use (which may include geographical 
locations) of this clause. 

(4) In accordance with EN 1990:2002, 4.1.1 (2) , for the particular condition 
defined in 1.6.10, loads due to exceptional snow drifts may be treated as 
accidental actions, depending on geographical locations. 

NOTE: The National Annex may give the conditions of use (which may include geographical 
locations) of this clause , 
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3. Section 3 Design situations 

3.1. General 

(1)P The relevant snow loads shall be determined for each design situation 
identified, in accordance with EN 1990:2002, 3.5. 

(2) For local effects described in Section 6 the persistent/transient design 
situation should be used. 

3.2. Normal conditions 

(1) For locations where exceptional snow falls (see 2(3)) and exceptional snow 
drifts (see 2(4)) are unlikely to occur, the transient/persistent design situation 
should be used for both the undrifted and the drifted snow load arrangements 
determined using 5.2(3)P a) and 5.3. 

NOTE: See Annex A case A. 

3.3. Exceptional conditions 
(1) For locations where exceptional snow falls (see 2(3)) may occur but not 
exceptional snow drifts (see 2(4)) the following applies: 
a) the transient/persistent design situation should be used for both the 

undrifted and the drifted snow load arrangements determined using 
5.2(3)P a) and 5.3, and 

b) the accidental design situation should be used for both the undrifted and 
the drifted snow load arrangements determined using 4.3, 5.2(3)P (b) and 
5.3. 

NOTE 1: See Annex A case 81. 

NOTE 2: The National Annex may define which design situation applies for a particular local 
effect described in Section 6. 

(2) For locations where exceptional snow falls (see 2(3)) are unlikely to occur 
but exceptional snow drifts (see 2(4)) may occur the following applies: 
a) the transient/persistent design situation should be used for both the 

undrifted and the drifted snow load arrangements determined using 
5.2(3)P a) and 5.3, and 

b) the accidental design 
determined using 5.2(3)P c) and Annex B. 

NOTE: See Annex A case B2. 

(3) For locations where both exceptional snow falls (see 2(3)) and exceptional 
snow drifts (see 2(4)) may occur the following applies: 
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a) the transient/persistent design situation should be used for both the 
undrifted and the drifted snow load arrangements determined using 
5.2(3)P a) and 5.3, and 

b) the accidental design situation should be used for both the undrifted and 
the drifted snow load arrangements determined using 4.3, 5.2(3)P(b) and 
5.3. 

c) the accidental design situation should be used for the snow load cases 
determined using 5.2(3)P c) and Annex B. 

NOTE 1: See Annex A case B3 . 

NOTE 2: The National Annex may define which design situation to apply for a particular local 
effect described in Section 6. 
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4. Section 4 Snow load on the ground 

4.1. Characteristic values 

(1) The characteristic value of snow load on the ground (Sk) should be 
determined in accordance with EN 1990:2002, 4.1.2 (7)P and the definition for 
characteristic snow load on the ground given in 1.6.1. 

NOTE 1: The National Annex specifies the characteristic values to be used. To cover unusual 
local conditions the National Annex may additionally allow the client and the relevant authority 
to agree upon a different characteristic value from that specified for an individual project. 

NOTE 2: Annex C gives the European ground snow load map, resulting from studies 
commissioned by OGIII/O-3. The National Annex may make reference to this map in order to 
eliminate, or to reduce, inconsistencies occurring at borderlines between countries. 

(2) In special cases where more refined data is needed, the characteristic 
value of snow load on the ground (Sk) may be refined using an appropriate 
statistical analysis of long records taken in a well sheltered area near the site. 

NOTE 1: The National Annex may give further complementary guidance. 

NOTE 2: As there is usually considerable variability in the number of recorded maximum winter 
values , record periods of less than 20 years will not generally be suitable. 

(3) Where in particular locations, snow load records show individual , 
exceptional values which cannot be treated by the usual statistical methods, 
the characteristic values should be determined without taking into account 
these exceptional values. The exceptional values may be considered outside 
the usual statistical methods in accordance with 4.3. 

4.2. Other representative values 

(1) According to EN 1990:2002, 4.1.3 the other representative values for snow 
load on the roof are as follows: 

Combination value 
Frequent value 
Quasi-permanent value 

Ij/o S 

1f/1 S 
1j/2 S 

NOTE: The values of 'II may be set by the National Annex of EN 1990:2002 .The recommended 
values of the coefficients 'f/o , IjIl and '112 for buildings are dependent upon the location of the 
site being considered and should be taken from EN 1990:2002, Table AU or Table 4.1 below, 
in which the information relating to snow loads is identical. 
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Table 4.1 Recommended values of coefficients 'I/o, '1/1 and '1/2 for 
different locations for buildings. 

Regions ,/111 1)/1 f112 

Finland 
Iceland 0,70 0,50 0.20 
Norway 
Sweden 

Reminder of other CEN 
member states, for sites 0.70 0,50 0,20 
located at altitude 
H > 1000 m above sea 
level 

Reminder of other CEN 
member states, for sites 0,50 0,20 0,00 
located at altitude 
H :::; 1000 m above sea 
level 

4.3. Treatment of exceptional snow loads on the ground 

(1) For locations where exceptional snow loads on the ground can occur, they 
may be determined by: 

(4.1 ) 

where: 

SAd is the design value of exceptional snow load on the ground for the 
given location; 

Cesl is the coefficient for exceptional snow loads; 
Sk is the characteristic value of snow load on the ground for a given 

location. 

NOTE: The coefficient Cesl may be set by the National Annex. The recommended value 
for Cesl is 2,0 (see also 2(3)) 

5. Section 5 Snow load on roofs 

5.1. Nature of the load 

(1)P The design shall recognise that snow can be deposited on a roof in many 
different patterns. 

(2) Properties of a roof or other factors causing different patterns can include: 

a) the shape of the roof; 
b) its thermal properties; 
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c) the roughness of its surface; 
d) the amount of heat generated under the roof; 
e) the proximity of nearby buildings; 
f) the surrounding terrain; 
g) the local meteorological climate, in particular its windiness, temperature 

variations, and likelihood of precipitation (either as rain or as snow). 

5.2. Load arrangements 

(1)P The following two primary load arrangements shall be taken into account: 

undrifted snow load on roofs (see 1.6.5); 
drifted snow load on roofs (see 1.6.6). 

(2) The load arrangements should be determined using 5.3; and Annex B, 
where specified in accordance with 3.3. 

NOTE: The National Annex may specify the use of Annex B for the roof shapes described in 
5.3.4, 5.3.6 and 6.2, and will normally apply to specific locations where all the snow usually 
melts and clears between the individual weather systems and where moderate to high wind 
speeds occur during the individual weather system. 

(3)P Snow loads on roofs shall be determined as follows: 

a) for the persistent / transient design situations 

(5.1 ) 

b) for the accidental design situations where exceptional snow load is the 
accidental action (except for the cases covered in 5.2 (3) Pc) 

(5.2) 

Note: See 2(3) . 

c) for the accidental design situations where exceptional snow drift is the 
accidental action and where Annex B applies 

(5.3) 

NOTE: See 2(4). 

where : 

j.lj is the snow load shape coefficient (see Section 5.3 and Annex B) 

Sk is the characteristic value of snow load on tile ground 

SAd is the design value of exceptional snow load on the ground for a 
given location (see 4.3) 
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(4) The load should be assumed to act vertically and refer to a horizontal 
projection of the roof area. 

(5) When artificial removal or redistribution of snow on a roof is anticipated the 
roof should be designed for suitable load arrangements. 

NOTE 1: Load arrangements according to this Section have been derived for natural 
deposition patterns only. 

NOTE 2: Further guidance may be given in the National Annex. 

(6) In regions with possible rainfalls on the snow and consecutive melting and 
freezing, snow loads on roofs should be increased, especially in cases where 
snow and ice can block the drainage system of the roof. 

NOTE: Further complementary guidance may be given in the National Annex . 

(7) The exposure coefficient Ce should be used for determining the snow load 
on the roof. The choice for Ce should consider the future development around 
the site. Ce should be taken as 1,0 unless otherwise specified for different 
topog raph ies. 

NOTE: The National Annex may give the values of Ce for different topographies . The 
recommended values are given in Table 5.1 below. 

19 



BS EN 1991-1-3:2003 
EN 1991-1-3:2003 (E) 

Table 5.1 Recommended values of Cc for different topographies 

Topography Ce 

Windswept 8 0,8 

Normal D 1,0 

Sheltered e 1,2 
a Windswept topography flat unobstructed areas exposed on all sides 
without, or little shelter afforded by terrain, higher construction works or 
trees. 

b Normal topography areas where there is no significant removal of snow 
by wind on construction work, because of terrain, other construction works 
or trees. 

e Sheltered topography areas in which the construction work being 
considered is considerably lower than the surrounding terrain or 
surrounded by high trees and/or surrounded by higher construction works. 

(8) The thermal coefficient Ct should be used to account for the reduction of 
snow loads on roofs with high thermal transmittance (> 1 W/m 2K), in particular 
for some glass covered roofs , because of melting caused by heat loss. 

For all other cases: 

Ct = 1,0 

NOTE 1: Based on the thermal insulating properties of the material and the shape of the 
construction work, the use of a reduced Ct value may be permitted through the National Annex. 

NOTE 2: Further guidance may be obtained from ISO 4355 . 

5.3. Roof shape coefJicients 

5.3.1. General 

(1) 5.3 gives roof shape coefficients for undrifted and drifted snow load 
arrangements for all types of roofs identified in this standard, with the 
exception of the consideration of exceptional snow drifts defined in Annex 8, 
where its use is allowed. 

(2) Special consideration should be given to the snow load shape coefficients to 
be used where the roof has an external geometry which may lead to increases in 
snow load, that are considered significant in comparison with that of a roof with 
linear profile . 

(3) Shape coefficients for roof shapes in 5.3.2, 5.3.3 and 5.3.4 are given in Figure 
5.1. 
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(1) The snow load shape coefficient 1'1 that should be used for monopitch roofs is 
given in Table 5.2 and shown in Figure 5.1 and Figure 5.2. 

2.0 

1.6 

IJ 1.0 
0.8 

L-____ ~----~----+_----~~.~ 

60° 

Figure 5.1: Snow load shape coefficients 

(2) The values given in Table 5.2 apply when the snow is not prevented from 
sliding off the roof. Where snow fences or other obstructions exist or where the 
lower edge of the roof is terminated with a parapet, then the snow load shape 
coefficient should not be reduced below 0,8. 

Table 5.2: Snow load shape coefficients 

Angle of pitch of roof a 0° S; a s; 30° 30° < a< 60° a?: 60° 

Jil 0,8 0,8(60 - a)/30 0,0 

Ji2 0,8 + 0,8 a/30 1,6 --

(3) The load arrangement of Figure 5.2 should be used for both the undrifted and 
drifted load arrangements. 
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'---___ ---'\111 

Figure 5.2: Snow load shape coefficient - monopitch roof 

5.3.3. Pitched roofs 

(1) The snow load shape coefficients that should be used for pitched roofs are 
given in Figure 5.3, where JL1 is given in Table 5.2 and shown in Figure 5.1. 

(2) The values given in Table 5.2 apply when snow is not prevented from 
sliding off the roof. Where snow fences or other obstructions exist or where the 
lower edge of the roof is terminated with a parapet, then the snow load shape 
coefficient should not be reduced below 0,8. 

22 



Case (i) 

Case (ii) 

Case (iii) 
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I f../1( a2) 

I f../1(a2) 

I O,51l1( a2) 

Figure 5.3: Snow load shape coefficients - pitched roofs 

(3) The undrifted load arrangement which should be used is shown in Figure 5.3, 
case (i). 

(4) The drifted load arrangements which should be used are shown in Figure 5.3, 
cases (ii) and (iii), unless ~0 otherwise ~ specified for local conditions. 

NOTE: Based on local conditions, an alternative drifting load arrangement may be given in the 
National Annex. 

5.3.4. Multi-span roofs 

(1) For multi-span roofs the snow load shape coefficients are given in Table 5.2 
and shown in Figure ~ 5.4~. 

(2) The undrifted load arrangement which should be used is shown in Figure 5.4, 
case (i) . 

(3) The drifted load arrangement which should be used is shown in Figure 5.4, 
case (ii), unless specified for local conditions. 

NOTE: Where permitted by the National Annex. Annex B may be used to determine the load 
case due to drifting. 
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Case (i) 

Case (ii) 

"'1(a1) 

d 

"'1(a1) I 

"'1(a2) "'1(m) ,.,1 (a2) 

H 
"'2(a) a = (al+ a2)/2 

~ I "'1(a2) 

Figure 5.4: Snow load shape coefficients for mUlti-span roofs 

(4) Special consideration should be given to the snow load shape coefficients 
for the design of mUlti-span roofs , where one or both sides of the valley have a 
slope greater than 60°. 

NOTE: Guidance may be given in the National Annex. 

5.3.5. Cylindrical roofs 
(1) The snow load shape coefficients that should be used for cylindrical roofs, in 
absence of snow fences, are given in the following expressions (see also Figure 
5.6). 

For j3 > 60°, Jl3 = 0 
For j3 50 60°, Jl3 = 0,2 + 10 hlb 

(5.4) 
(5.5) 

An upper value of Jl3 should be specified . 

NOTE 1: The upper value of 1'3 may be specified in the National Annex. The recommended 
upper value for f-i3 is 2,0 (see Figure 5.5). 
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Figure 5.5: Recommended snow load shape coefficient for cylindrical roofs of 
differing rise to span ratios (for j3 ::s; 60°) 
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NOTE 2: Rules for considering the effect of snow fences for snow loads on cylindrical roofs 
may be given in the National Annex. 

(2) The undrifted load arrangement which should be used is shown in Figure 5.6, 
case (i). 

(3) The drifted load arrangement which should be used is shown in Figure 5.6, 
case (ii), unless specified for local conditions . 

NOTE: Based on local conditions an alternative drifting load arrangement may be given in the 
National Annex . 

Case (i) 
0,8 

Case (ii) 0,5/13 -+-;;......-......;;;.....,.;;...--"""""t- 113 
~ ... IJ~ ... IJ .. ~ 

; ~~P:----+-----a-
h 

Is 

b 

Figure 5.6: Snow load shape coefficients for cylindrical roof 

5.3.6. Roof abutting and close to taller construction works 

(1) The snow load shape coefficients that should be used for roofs abutting to 
taller construction works are given in the following expressions and shown in 
Figure 5.7. 

where: 

Jl1 = 0,8 (assuming the lower roof is flat) 

j.l2 = Jls + Jiw 

(5.6) 

(5.7) 

j.ls is the snow load shape coefficient due to sliding of snow from the 
upper roof 

Jis = 0, 
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For a> 15°, /-ls is determined from an additional load 
amounting to 50 % of the maximum total snow load , on the 
adjacent slope of the upper roof calculated according to 5.3.3 

Jlw is the snow load shape coefficient due to wind 

(5.8) 

where: 
y is the weight density of snow, which for this calculation may be taken 

as 2 kN/m3 

An upper and a lower value of /-lw should be specified. 

NOTE 1: The range for Jlw may be fixed in the National Annex. The recommended range is 
0,8 :<;; Jiw:<;; 4. 

The drift length is determined as follows: 

Is = 2h (5.9) 

NOTE 2: A restriction for Is may be given in the National Annex. The recommended restriction 
is 5 :::; Is:::; 15 m 

NOTE 3: If ~ < Is the coefficient at the end of the lower roof is determined by interpolation 
between Jl1 and Jl2 truncated at the end of the lower roof (see Figure 5.7). 

(2) The undrifted load arrangement which should be used is shown in Figure 5.7, 
case (i). 

(3) The drifted load arrangement which should be used is shown in Figure 5.7, 
case (ii), unless specified for local conditions. 

NOTE: Where permitted by the National Annex, Annex B may be used to determine the load 
case due to drifting. 
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~ This load arrangement applies where b2 < Is @ 

Figure 5.7: Snow load shape coefficients for roofs abutting to 
taller construction works 
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6. Section 6 Local effects 

6.1. General 

(1) This section gives forces to be applied for the local verifications of: 
drifting at projections and obstructions; 
the edge of the roof; 
snow fences. 

(2) The design situations to be considered are persistent/transient . 

6.2. Drifting at projections and obstructions 

(1) In windy conditions drifting of snow can occur on any roof which has 
obstructions as these cause areas of aerodynamic shade in which snow 
accumulates. 

(2) The snow load shape coefficients and drift lengths for quasi-horizontal roofs 
should be taken as follows (see Figure 6.1), unless specified for local 
conditions: 

Jl1 = 0,8 f12 = Y h/Sk (6.1 ) 

with the restriction: 0,8 ::;: Jl2 ::;: 2,0 (6.2) 

where: 

is the weight density of snow, which for this calculation may be 
taken as 2 kN/m 3 

Is = 2h (6.3) 

with the restriction: 5::;: Is::;: 15 m 

NOTE: Where permitted by the National Annex, Annex B may be used to determine the load 
case due to drilting. 
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Figure 6.1: Snow load shape coefficients at projections 
and obstructions 

6.3. Snow overhanging the edge of a roof 

(1) Snow overhanging the edge of a roof should be considered. 

NOTE: The National Annex may specify the conditions of use for this clause. It is 
recommended that the clause is used for sites above 800 meters above sea level. 

(2) The design of those parts of a roof cantilevered out beyond the walls should 
take account of snow overhanging the edge of the roof, in addition to the load 
on that part of the roof. The loads due to the overhang may be assumed to act 
at the edge of the roof and may be calculated as follows: 

(6.4) 

where: 

Se is snow load per metre length due to the overhang (see Figure 
6.2) 

S is the most onerous undrifted load case appropriate for the roof 
under consideration (see 5.2) 

y is the weight density of snow wrlich for this calculation may be 
taken as 3 kN/m3 

k is a coefficient to take account of the irregular shape of the snow 
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NOTE: The values of k may be given in the National Annex. The recommended way for 
calculating k is as follows : k = 3/d, but k ::; d y. Where d is the depth of the snow layer on the 
roof in meters (see Figure 6.2) 

Figure 6.2 Snow overhanging the edge of a roof 

6.4. Snow loads on snowguards and other obstacles 

(1) Under certain conditions snow may slide down a pitched or curved roof. 
The coefficient of friction between the snow and the roof should be assumed to 
be zero. For this calculation the force Fs exerted by a sliding mass of snow, in 
the direction of slide, per unit length of the building should be taken as: 

Fs = s b sin a (6.5) 

where: 

s 

b 

a 

30 

is the snow load on the roof relative to the most onerous undrifted 
load case appropriate for roof area from which snow could slide 
(see 5.2 and 5.3) 

is the width on plan (horizontal) from the guard or obstacle to the 
next guard or to the ridge 

pitch of the roof, measured from the horizontal 



ANNEX A 
(normative) 
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Design situations and load arrangements to be used 
for different locations 

(1) Table A.1 summarises four cases A, B1 , B2 and B3 (see 3.2, 3.3(1), 3.3(2) 
and 3.3(3) respectively) identifying the design situations and load 
arrangements to be used for each individual case. 
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Table A.1 Design Situations and load arrangements to be used for different locations 

Normal Exceptional conditions 
Case A Case B1 Case B2 Case 83 
No exceptional falls Exceptional falls No exceptional falls Exceptional falls 
No exceptional drift No exceptional drift Exceptional drift Exceptional drift 
3.2(1 ) 3.3(1 ) 3.3(2) 3.3(3) 

Persistent/transient design Persistent/transient design Persistent/transient design Persistent/transient design 
situation situation situation situation 

[1] undrifted ,Ui GeCt Sk [1] undrifted Jlj GeCt Sk [1] undrifted Pi GeG, Sk [1] undrifted J.1i GeCt Sk 

[2] drifted J.1i GeCt Sk [2] drifted Pi GeCt Sk [2] drifted J.1i GeCt Sk (except for [2] drifted J.1i GeCt Sk (except for 
roof shapes in AnnexB) roof shapes in Annex8) 

Accidental design situation Accidental design situation Accidental design situation 
(where snow is the accidental (where snow is the accidental (where snow is the accidental 
action) action) action) 

[3] undrifted J.1i GeCt Cesl Sk [3] drifted Pi Sk (for roof shapes [3] undrifted J.1i GeCt Gesl Sk 

in Annex8) 
[4] drifted J.1i GeG, Gesl Sk 

[4] drifted J.1i Sk (for roof shapes 
in Annex8) 

NOTE 1: Exceptional conditions are defined according to the National Annex . 

NOTE 2: For cases B 1 and B3 the National Annex may define design situations which apply for the particular local effects described in section 6. 
-
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ANNEX B 
(normative) 

Snow load shape coefficients for exceptional snow 
drifts 

81 Scope 

(1) Tbis annex gives snow shape coefficients to determine load arrangements 
due to exceptional snow drifts for the following types of roofs. 
a) MUlti-span roofs; 
b) Roofs abutting and close to taller construction works; 
c) Roofs where drifting occurs at projections, obstructions and parapets; 
d) For all other load arrangements Section 5 and Section 6 should be used 

as appropriate. 

(2) When considering load cases using snow load shape coefficients obtained 
from this Annex it should be assumed that they are exceptional snow drift 
loads and that there is no snow elsewhere on the roof. 

(3) In some circumstances more than one drift load case may be applicable for 
the same location on a roof in which case they should be treated as 
alternatives. 

82 Multi-span roofs 

(1) The snow load shape coefficient for an exceptional snow drift that should 
be used for valleys of multi-span roofs is given in Figure B1 and B2(2). 

Figure 81: Shape coefficient and drift lengths for exceptional snow drifts 
- valleys of multi-span roofs 
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(2) The shape coefficient given in Figure B1 is determined as the least value 
of: 

1'1 = 5 

The drift lengths are determined as: 

(3) For roofs of more than two spans with approximately symmetrical and 
uniform geometry, b3 should be taken as the horizontal dimension of three 
slopes (i.e. span x 1.5) and this snow load distribution should be considered 
applicable to every valley, although not necessarily simultaneously. 

(4) Care should be taken when selecting b3 for roofs with non-uniform 
geometry, significant differences in ridge height and/or span may act as 
obstructions to the free movement of snow across the roof and influence the 
amount of snow theoretically available to form the drift. 

(5) Where simultaneous drifts in several valleys of a multi-span roof are being 
considered in the design of a structure as a whole, a maximum limit on the 
amount of drifted snow on the roof should be applied. The total snow load per 
metre width in all the simultaneous drifts should not exceed the product of the 
ground snow load and the length of the building perpendicular to the valley 
ridges. 

NOTE: If the structure is susceptible to asymmetric loading, the design should also consider 
the possibility of drifts of differing severity in the valleys. 

83 Roofs abutting and close to taller structures 

(1) The snow load shape coefficients for exceptional snow drifts that should be 
used for roofs abutting a taller construction work are given in Figure B2 and 
Table B1. 

(2) The snow load case given in Figure B2 is also applicable for roofs close to, 
but not abutting, taller buildings, with the exception that it is only necessary to 
consider the load actually on the lower roof, i.e. the load implied between the 
two buildings can be ignored. 

NOTE: The effect of structures close to, but not abutting the lower roof will depend on the roof 
areas available from which snow can be blown into the drift and the difference in levels. 
However, as an approximate rule, it is only necessary to consider nearby structures when they 
are less than 1 ,5m away. 
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Figure 82: Shape coefficients and drift lengths for exceptional snow 
drifts - Roofs abutting and close to taller structures 

(3) The drift length Is is the least value of 5h, b1 or 15m. 

Table 81 : Shape coefficients for exceptional snow drifts for roofs 
abutting and close to taller structures 

Shape Angle of roof pitch UJ 
coefficient 

00
:::; a:::; 15° 15" < a:::; 30° 30° < a < 60° 60° :::; a 

f-iJ PI f-i1{l30 - aJlIS} 0 0 

1'2 Jh f-i1 p, {[60 - a]/30} 0 

Note 1: 1'3 is the least value of 2h/SK , 2b/ls or 8. Where b is the larger of b, or ~ and Is is the 
least value of 5h, b, or 15m. 

84 Roofs where drifting occurs at projections, obstructions and 
parapets 

(1) The snow load shape coefficients for exceptional snow drifts that should be 
used for roofs where drifting occurs at projections and obstructions, other than 
parapets, are given in B4(2) and Figure B3. Shape coefficients for drifting 
behind parapets are given in B4(4). 

(2) a) If the vertical elevation against which a drift could form is not greater 
than ES>1 m,@) the effect of drifting can be ignored. 

b) This clause applies to: 

Drifting against obstructions not exceeding 1 m in height. 
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Drifting on canopies, projecting not more than 5m from the face of the 
building over doors and loading bays, irrespective of the height of the 
obstruction . 
Slender obstructions over 1 m high but not more than 2m wide, may be 
considered as local projections. For this specific case h may be taken as 
the lesser of the projection height or width perpendicular to the direction of 
the wind. 

c) The shape coefficient given in Figure 83 is determined as the least value of: 
1-'1 = 2h1/Sk or 5 
1-'2 = 2h2/ Sk or 5 

In addition, for door canopies projecting not more than 5m from the building, 1'1 
should not exceed 2b/ls1' where b is the larger of b1 and b2. 

d) The drift length (/sJ is taken as the least value of 5h or bj , where i = 1 or 2 

and h s; 1 m. 

~ ~ 
.LfJi1 

~ 

~E' .1 
I" ·1 , .. ., 

1' 1 "2 b2 

hi t .R. !h, 
I" 

Canopy over door or loading bay 

/11 
I), 

1 
Where b1 s: 5m 

Obstruction on flat roof 

p , I f, 

~~ 
I~I~ hLIl __ --Jh. 

~! 
I 

h, 

Obstruction on pitched or curved roof 

Figure 83: Shape coefficients for exceptional snow drifts for roofs where 
drifting occurs at projections and obstructions 

(3) The snow load shape coefficients for exceptional snow drifts that should be 
used for roofs where drifting occurs at parapets are given in Figure 84. 
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fl'L::::::::,.. 
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Snow behind parapet ; 
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Is 

j' Ridge line "tl S 
Gutter line 

fl lL::::::::,.. 

~ 
Snow in valley behind 
parapet at gable end 

NOTE: b2 should 
be used in the 
calculation of shape 
coefficient 

Snow behind parapet at eaves; 
pitched or curved roof 

Figure 84 : Shape coefficients for exceptional snow drifts - roofs where 
drifting occurs at parapets 

(4) The shape coefficient given in Figure 84 is determined as the least value 
of: 

j.11 = 2hl Sk , 

j.11 = 2b/ls where b is the larger of b1 or b2 

j.11 = 8 

The drift length Is should be taken as the least value of 5h, b1 or 15m. 

(5) For drifting in a valley behind a parapet at a gable end the snow load at the 
face of the parapet should be assumed to decrease linearly from its maximum 
value in the valley to zero at the adjacent ridges, providing the parapet does 
not project more than 300mm above the ridge. 
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ANNEX C 
(i nformative) 

European Ground Snow Load Maps 

(1) This Annex presents the European snow maps which are the result of 
scientific work carried out under contract to OGIII/O-35 of the European 
Commission, by a specifically formed research Group. 

NOTE: The snow maps supplied by CEN members who were not directly part of the Research 
Group have been included in this Annex in clauses C(5) Czech Republic, C(6) Iceland and C(7) 
Poland. 

(2) The objectives of this Annex, defined in 1.1 (5), are: 
to help National Competent Authorities to redraft their national maps; 
to establish harmonised procedures to produce the maps. 

This will eliminate or reduce the inconsistencies of snow load values in CEN 
member states and at borderlines between countries. 

(3) The European ~snow map@!) developed by the Research Group are 
divided into 9 different homogeneous climatic regions, as shown in 
Figures C.1 to C.1 O. 

(4) In each climatic region a given load-altitude correlation formula applies and 
this is given in Table C.1. 
Different zones are defined for each climatic region. Each zone is given a Zone 
number Z, which is used in the load altitude correction formula. 
Among the research Group members only for Norway the map gives directly 
snow load on the ground at different locations. 
The characteristic values of ground snow loads given are referred to mean 
recurrence interval (MRI) equal to 50 years. 

(5) Figure C.11 shows the map supplied by the Czech National Authority. 

(6) Figure C.12 shows the map supplied by the Icelandic National Authority. 

5 
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Results are included in the following documents, both of them are available at the 
Commission of the European Communities DG III - 0-3 Industry, Rue de la Loi, 200 B -
1049 Brussels, or at the Universita degli Studi di Pisa Dipartimento di Ingegneria Strutturale, 
Via Diotisalvi, 2, 56100 Pisa (IT). 
1. Phase 1 Final Report to the European Commission, Scientific Support Activity in the 
Field of Structural Stability of Civil Engineering Works: Snow Loads, Department of 
Structural Engineering, University of Pisa, March 1998. 
2. Phase 2 Final Report to the European Commission, Scientific Support Activity in the 
Field of Structural Stability of Civil Engineering Works: Snow Loads, Department of 
Structural Engineering, University of Pisa, September 1999. 
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(7) Figure C.13 shows the map supplied by the Polish National Authority. 

Figure C.1. European Climatic regions 
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Table C.1. Altitude - Snow Load Relationships 

Climatic Region Expression 

Alpine Region 
\ ,=(0.6422 + 0,009) [1+( 7~8r ] 

Central East 
s, =(0,2642 - 0,002) [1+( 2~6r] 

Greece 
s, =(0.4202 - 0,Q30) [J+( 9 ~ 7 r] 

Iberian Peninsula 
s , =(0,]902 - O,Q9S) [1+(S~4 r] 

Mediterranean Region 
s. =(0,4982 - 0.209) [1+( ~ J] 

. 4S~ 

Central West A 
S ; =0,] 642 - 0,082 +-

, 966 

Sweden, Finland 
,\, = 0.7902 + 0,375 + ~ 

336 

UK, Republic of Ireland 
Sk = 0,1402 - 0,1 + ~ 

501 

is the characteristic snow load on the ground [kl\J/m2
] 

is the site altitude above Sea Level [m] 
is the zone number given on the map. 
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Alpine Region: Snow Load at Sea Level 
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Figure C.2 
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Central East: Snow Load at Sea Level 
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Figure C.3 
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Greece: Snow Load at Sea Level 
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Iberian Peninsula: Snow Load at Sea Level 
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Figure C.s 
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Mediterranean Recion: Snow Load at Sea Level 
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Central West: Snow Load at Sea Level 
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Sweden, Finland: Snow Load at Sea Level 
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UK, Republic of Ireland: Snow Loads at sea level 
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Norwav: Snow Load on the Ground 
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Czech Republic: Snow Load on the ground 
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Adjustment of the ground snow load according to return 
period 

(1) Ground level snow loads for any mean recurrence interval different to that for the 
characteristic snow load, Sk , (which by definition is based on annual probability of 
exceedence of 0,02) may be adjusted to correspond to characteristic values by 
application of 0(2) to 0(4). However, expression (0.1) should not be applied for 
annual probabilities of exceedence greater than 0,2 (i.e. return period less than 
approximately 5 years). 

(2) If the available data show that the annual maximum snow load can be assumed to 
follow a Gumbel probability distribution, then the relationship between the 
characteristic value of the snow load on the ground and the snow load on the ground 
for a mean recurrence interval of n years is given by the formula: 

16 l 1- \I ~[In(- In(l- p,,))+O,57722 ] 

(I + 2,5923V) j (0.1 ) 

where: 

Sk is the characteristic snow load on the ground (with a return period of 50 years, 
in accordance with EN 1990:2002) 

So is the ground snow load with a return period of n years ; 
Pn is the annual probability of exceedence (equivalent to approximately 11n, 

where n is the corresponding recurrence interval (years)); 
V is the coefficient of variation of annual maximum snow load. 

NOTE1:Where appropriate another distribution function for the adjustment of return period of ground 
snow load may be defined by the relevant national Authority. 

NOTE 2: Information on the coefficient of variation may be given by the relevant national Authority. 
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(3) Expression (0.1) is shown graphically in Figure 0.1 . 
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Return period in years 

Figure 0.1 Adjustment of the ground snow load according to return period 

(4) Where permitted by the relevant national Authority expression (0.1) may also be 
~ adopted@il to calculate snow loads on the ground for other probabilities of 
exceedence. For example for : 

a) structures where a higher risk of exceedence is deemed acceptable 
b) structures where greater than normal safety is required 
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Bulk weight density of snow 

(1) The bulk weight density of snow varies. In general it increases with the duration of the 
snow cover and depends on the site location, climate and altitude. 

(2) Except where specified in Sections 1 to 6 indicative values for the mean bulk weight 
density of snow on the ground given in Table E.1 may be used. 

Table E.1: Mean bulk weight density of snow 

Type of snow Bulk weight density 
[kN/m3

] 

Fresh 1,0 

Settled (several hours or days after its fall) 2,0 

Old (several weeks or months after its fall) 2,5 - 3,5 

Wet 4,0 
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This document EN 1991-1-4:2005 has been prepared by Technical Committee CEN/TC250 nStructural 
Eurocode", the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by October 2005, and conflicting national standards 
shall be withdrawn at the latest by March 2010. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, 
Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, 
Spain, Sweden, Switzerland and United Kingdom. 

This European Standard supersedes ENV 1991-2-4: 1995. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action programme in the field of 
construction, based on article 95 of the Treaty. The objective of the programme was the elimination of 
technical obstacles to trade and the harmonisation of technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of harmonised 
technical rules for the design of construction works which, in a first stage, would serve as an 
alternative to the national rules in force in the Member States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of 
Member States, conducted the development of the Eurocodes programme, which led to the first 
generation of European codes in the 1980s. 

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an 
agreement1 between the Commission and CEN, to transfer the preparation and the publication of the 
Eurocodes to the CEN through a series of Mandates, in order to provide them with a future status of 
European Standard (EN). This links de facto the Eurocodes with the provisions of all the Council's 
Directives and/or Commission's Decisions dealing with European standards (e.g. the Council Directive 
89/106/EEC on construction products - CPD - and Council Directives 93/37/EEC, 92/50/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in pursuit of setting 
up the internal market). 

The Structural Eurocode programme comprises the following standards generally consisting of a 
number of Parts: 

EN 1990 

EN 1991 

EN 1992 

EN 1993 

Eurocode: 

Eurocode 1: 

Eurocode 2: 

Eurocode 3: 

Basis of Structural Design 

Actions on structures 

Design of concrete structures 

Design of steel structures 

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89). 
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EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of timber structures 

EN 1996 Eurocode 6: Design of masonry structures 

EN 1997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of aluminium structures 

Eurocode standards recognise the responsibility of regulatory authorities in each Member State and 
have safeguarded their right to determine values related to regulatory safety matters at national level 
where these continue to vary from State to State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFTA recognise that Eurocodes serve as reference documents for 
the following purposes: 

as a means to prove compliance of building and civil engineering works with the essential 
requirements of Council Directive 89/106/EEC, particularly Essential Requirement N°1 -
Mechanical resistance and stability - and Essential Requirement N°2 -Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering services; 

as a framework for drawing up harmonised technical specifications for construction products (ENs 
and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship 
with the Interpretative Documents2 referred to in Article 12 of the CPD, although they are of a different 
nature from harmonised product standards3. Therefore, technical aspects arising from the Eurocodes 
work need to be adequately considered by CEN Technical Committees and/or EOTA Working Groups 
working on product standards with a view to achieving full compatibility of these technical 
specifications with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use for the design of 
whole structures and component products of both a traditional and an innovative nature. Unusual 
forms of construction or design conditions are not specifically covered and additional expert 
consideration will be required by the designer in such cases. 

2 According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents 
for the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and 
ET AGs/ET As. 

3 According to Art. 12 of the CPD the interpretative documents shall : 

a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating 

classes or levels for each requirement where necessary; 

b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of 

calculation and of proof, technical rules for project design, etc. , 

c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 

The Eurocodes, de facto, playa similar role in the field of the ER 1 and a part of ER 2. 
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National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including 
any annexes), as published by CEN, which may be preceded by a National title page and National 
foreword, and may be followed by a National annex. 

The National annex may only contain information on those parameters which are left open in the 
Eurocode for national choice, known as Nationally Determined Parameters, to be used for the design 
of buildings and civil engineering works to be constructed in the country concerned, i.e. : 

values and/or classes where alternatives are given in the Eurocode, 

values to be used where a symbol only is given in the Eurocode, 

country specific data (geographical, climatic, etc.), e.g. wind map, 

the procedure to be used where alternative procedures are given in the Eurocode. 

It may also contain 

decisions on the use of informative annexes, and 

references to non-contradictory complementary information to assist the user to apply the 
Eurocode. 

links between Eurocodes and harmonised technical specifications (ENs and ETAs) 
for prod ucts 

There is a need for consistency between the harmonised technical specifications for construction 
products and the technical rules for works4. Furthermore, all the information accompanying the CE 
Marking of the construction products which refer to Eurocodes should clearly mention which Nationally 
Determined Parameters have been taken into account. 

Additional information specific for EN 1991-1-4 

EN 1991-1-4 gives design guidance and actions for the structural design of buildings and civil 
engineering works for wind. 

EN 1991-1-4 is intended for the use by clients, designers, contractors and relevant authorities. 

EN 1991-1-4 is intended to be used with EN 1990, the other Parts of EN 1991 and EN 1992-1999 for 
the design of structures. 

National annex for EN 1991-1- 4 

This standard gives alternative procedures, values and recommendations for classes with notes 
indicating where National choice may be made. Therefore the National Standard implementing 
EN 1991-1-4 should have a National Annex containing Nationally Determined Parameters to be used 
for the design of buildings and civil engineering works to be constructed in the relevant country. 

National choice is allowed for EN 1991-1-4 through clauses: 

1.5 (2) 

4.1 (1) 
4.2 (1)P Note 2 
4.2 (2)P Notes 1,2,3 and 5 
4.3.1 (1) Notes 1 and 2 
4.3.2 (1) 
4.3.2 (2) 
4.3.3 (1) 
4.3.4 (1) 
4.3.5 (1) 
4.4 (1) Note 2 
4.5 (1) Notes 1 and 2 

4 see Art.3.3 and Art.12 of the CPD, as well as clauses 4.2, 4.3.1, 4.3.2 and 5.2 of ID 1. 
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5.3 (5) 

6.1 (1) 
6.3.1 (1) Note 3 
6.3.2 (1) 

7.1.2 (2) 
7.1.3(1) 
7.2.1 (1) Note 2 
7.2.2 (1) 
7.2.2 (2) Note 1 

15) 7.2.3 (2) 
7.2.3 (4) 
7.2.4 (1) 
7.2.4 (3) 
7.2.5 (1) 
7.2.5 (3) 
7.2.6 (1) 
7.2.6 (3) 
7.2.7~ 
7.2.8 (1) 
7.2.9 (2) 
7.2.10 (3) Notes 1 and 2 

E1) 7.3 (6) ~ 
7.4.1 (1) 
7.4.3 (2) 
7.6 (1) Note 1 
7.7 (1) Note 1 
7.8 (1) 

15)7.9.2 (2) ~ 
7.10 (1) Note 1 
7.11 (1) Note 2 
7.13 (1) 
7.13(2) 

15) Table 7.14 ~ 

8.1 (1) Notes 1 and 2 
8.1 (4) 
8.1 (5) 
8.2 (1) Note 1 
8.3 (1) 
8.3.1 (2) 
8.3.2 (1) 
8.3.3 (1) Note 1 
8.3.4 (1) 
8.4.2 (1) 

A.2 (1) 

E.1.3.3(1) 
E.1.5.1 (1) Notes 1 and 2 
E.1.5.1 (3) 
E.1.5.2.6 (1) Note 1 
E.1.5.3 (2) Note 1 
E.1.5.3 (4) 
E.1.5.3 (6) 
E.3 (2) 
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Section 1 General 

1.1 Scope 

(1) EN 1991-1-4 gives guidance on the determination of natural wind actions for the structural design 
of building and civil engineering works for each of the loaded areas under consideration. This includes 
the whole structure or parts of the structure or elements attached to the structure, e. g. components, 
cladding units and their fixings, safety and noise barriers. 

(2) This Part is applicable to: 

• Buildings and civil engineering works with heights up to 200 m, see also (11). 

• Bridges having no span greater than 200 m, provided that they satisfy the criteria for 
dynamic response, see (12) and 8.2. @1] 

(3) This part is intended to predict characteristic wind actions on land-based structures, their 
components and appendages. 

(4) Certain aspects necessary to determine wind actions on a structure are dependent on the location 
and on the availability and quality of meteorological data, the type of terrain, etc. These need to be 
provided in the National Annex and Annex A, through National choice by notes in the text as indicated. 
Default values and methods are given in the main text, where the National Annex does not provide 
information. 

(5) Annex A gives illustrations of the terrain categories and provides rules for the effects of orography 
including displacement height, roughness change, influence of landscape and influence of 
neighbouring structures. 

(6) Annex Band C give alternative procedures for calculating the structural factor CsCd. 

(7) Annex D gives CsCd factors for different types of structures. 

(8) Annex E gives rules for vortex induced response and some guidance on other aeroelastic effects. 

(9) Annex F gives dynamic characteristics of structures with linear behaviour 

(10) This part does not give guidance on local thermal effects on the characteristic wind, e.g. strong 
arctic thermal surface inversion or funnelling or tornadoes. 

~ (11) Guyed masts and lattice towers are treated in EN 1993-3-1 and lighting columns in EN 40. 

(12) This part does not give guidance on the following aspects: 

• torsional vibrations, e.g. tall buildings with a central core 

• bridge deck vibrations from transverse wind turbulence 

• wind actions on cable supported bridges 

• vibrations where more than the fundamental mode needs to be considered. @1] 
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1.2 Normative references 

The following normative documents contain provIsions which, through references in this text, 
constitute provisions of this European standard. For dated references, subsequent amendments to, or 
revisions of any of these publications do not apply. However, parties to agreements based on this 
European standard are encouraged to investigate the possibility of applying the most recent editions 
of the normative documents indicated below. For undated references the latest edition of the 
normative document referred to applies. 

EN 1990 Eurocode: Basis of structural design 

EN 1991-1-3 Eurocode 1: Actions on structures: Part 1-3: Snow loads 

EN 1991-1-6 Eurocode 1: Actions on structures: Part 1-6: Actions during execution 

EN 1991-2 Eurocode 1: Actions on structures: Part 2: Traffic loads on bridges 

EN 1993-3-1 Eurocode 3: Design of steel structures: Part 3-1. Masts and towers 

1.3 Assumptions 

(1 )PThe general assumptions given in EN 1990, 1.3 apply. 

1.4 Distinction between Principles and Application Rules 

(1)P The rules in EN 1990, 1.4 apply. 

1.5 Design assisted by testing and measurements 

(1) In supplement to calculations wind tunnel tests and proven and/or properly validated numerical 
methods may be used to obtain load and response information, using appropriate models of the 
structure and of the natural wind. 

(2) Load and response information and terrain parameters may be obtained from appropriate full 
scale data. 

NOTE: The National Annex may give guidance on design assisted by testing and measurements. 

1.6 Definitions 

For the purposes of this European Standard, the definitions given in ISO 2394, ISO 3898 and ISO 
8930 and the following apply. Additionally for the purposes of this Standard a basic list of definitions is 
provided in EN 1990,1.5. 

1.6.1 
fundamental basic wind velocity 
the 10 minute mean wind velocity with an annual risk of being exceeded of 0, 02, irrespective of wind 
direction, at a height of 10m above flat open country terrain and accounting for altitude effects (if 
required) 

1.6.2 
basic wind velocity 
the fundamental basic wind velocity modified to account for the direction of the wind being considered 
and the season (if required) 

10 
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1.6.3 
mean wind velocity 
the basic wind velocity modified to account for the effect of terrain roughness and orography 

1.6.4 
pressure coefficient 
external pressure coefficients give the effect of the wind on the external surfaces of buildings; internal 
pressure coefficients give the effect of the wind on the internal surfaces of buildings. 

The external pressure coefficients are divided into overall coefficients and local coefficients. Local 
coefficients give the pressure coefficients for loaded areas of 1 m2 or less e.g. for the design of small 
elements and fixings; overall coefficients give the pressure coefficients for loaded areas larger than 
10 m2

. 

Net pressure coefficients give the resulting effect of the wind on a structure, structural element or 
component per unit area. 

1.6.5 
force coefficient 
force coefficients give the overall effect of the wind on a structure, structural element or component as 
a whole, including friction, if not specifically excluded 

1.6.6 
background response factor 
the background factor allowing for the lack of full correlation of the pressure on the structure surface 

1.6.7 
resonance response factor 
the resonance response factor allowing for turbulence in resonance with the vibration mode 

1.7 Synlbols 

(1) For the purposes of this European standard, the following symbols apply 

NOTE The notation used is based on ISO 3898:1999. In this Part the symbol dot in expressions indicates 
the multiplication sign. This notation has been employed to avoid confusion with functional expressions. 

(2) A basic list of notations is provided in EN 1990, 1.6 and the additional notations below are specific 
to EN 1991-1-4. 

Latin upper case letters 

A area 

Afr area swept by the wind 

reference area 

82 background response part 

C wind load factor for bridges 

E Young's modulus 

Ffr resultant friction force 

'l vortex exciting force at point j of the structure 

Fw resultant wind force 

H height of a topographic feature 

Iv turbulence intensity 

K mode shape factor; shape parameter 

Ka aerodynamic damping parameter 

11 
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L 

N 

interference factor for vortex shedding 

reduction factor for parapets 

correlation length factor 

non dimensional coefficient 

length of the span of a bridge deck; turbulent length scale 

actual length of a downwind slope 

effective length of an upwind slope 

correlation length 

actual length of an upwind slope 

number of cycles caused by vortex shedding 

number of loads for gust response 

resonant response part 

Reynolds number 

aerodynamic admittance 

wind action 

Scruton number 

non dimensional power spectral density function 

Strouhal number 

weight of the structural parts contributing to the stiffness of a chimney 

total weight of a chimney 

Latin lower case letters 

8G factor of galloping instability 

81G combined stability parameter for interference galloping 

b width of the structure (the length of the surface perpendicular to the wind direction if 
not otherwise specified) 

Calt altitude factor 

Cd dynamic factor 

Cdir directional factor 

ce(z) exposure factor 

Cf force coefficient 

Cf,o force coefficient of structures or structural elements without free-end flow 

Cf,1 lift force coefficient 

Cfr friction coefficient 

Cia! aerodynamic exciting coefficient 

CM moment coefficient 

cp pressure coefficient 

cpe external pressure coefficient 

cpi internal pressure coefficient 

cp,net net pressure coefficient @il 

Cprob probability factor 

Cr roughness factor 

Co orography factor 

12 



cseason 

d 

have 

hdis 

m 

p 

s 

VCG 

VCIG 

Verit 

w 

x 

x-direction 

y-direction 

Ymax 

Z 

Zave 

z-direction 
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size factor 

seasonal factor 

depth of the structure (the length of the surface parallel to the wind direction if not 
otherwise specified) 

eccentricity of a force or edge distance 

non dimensional frequency 

height of the structure 

obstruction height 

displacement height 

equivalent roughness 

turbulence factor @2] 

peak factor 

terrain factor 

torsional stiffness 

length of a horizontal structure 

mass per unit length 

equivalent mass per unit length 

natural frequency of the structure of the mode i 

fundamental frequency of along wind vibration 

fundamental frequency of cross-wind vibration 

ovalling frequency 

annual probability of exceedence 

reference mean (basic) velocity pressure 

peak velocity pressure 

radius 

factor; coordinate 

averaging time of the reference wind speed, plate thickness 

onset wind velocity for galloping 

critical wind velocity for interference galloping 

critical wind velocity of vortex shedding 

divergence wind velocity 

mean wind velocity 

fundamental value of the basic wind velocity 

basic wind velocity 

wind pressure 

horizontal distance of the site from the top of a crest 

horizontal direction, perpendicular to the span 

horizontal direction along the span 

maximum cross-wind amplitude at critical wind speed 

height above ground 

average height 

vertical direction 
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Zo roughness length 

Ze, Zi reference height for external wind action, internal pressure 

Zg distance from the ground to the considered component 

Zmax maximum height 

Zmin minimum height 

Zs reference height for determining the structural factor 

Greek upper case letters 

(j) upwind slope 

(/J1,x fundamental alongwind modal shape 

Greek lower case letters 

It 

v 

e 
p 

O"a,x 

Ij/me 

If/s 
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galloping instability parameter 

combined stability parameter of interference galloping 

logarithmic decrement of damping 

~ logarithmic decrement of aerodynamic damping @2] 

logarithmic decrement of damping due to special devices 

~ logarithmic decrement of structural damping @2] 

coefficient 

bandwidth factor 

freq uency factor 

variable 

solidity ratio, blockage of canopy 

slenderness ratio 

opening ratio, permeability of a skin 

up-crossing frequency; Poisson ratio; kinematic viscosity 

torsional angle; wind direction 

air density 

standard deviation of the turbulence 

standard deviation of alongwind acceleration 

reduction factor for multibay canopies 

reduction factor of force coefficient for square sections with rounded corners 

reduction factor of force coefficient for structural elements with end-effects 

end-effect factor for circular cylinders 

shelter factor for walls and fences 

exponent of mode shape 



Indices 

crit critical 

e external ; exposure 

fr friction 

internal; mode number 
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current number of incremental area or point of a structure 

m mean 

p peak; parapet 

ref reference 

v wind velocity 

x alongwind direction 

y cross-wind direction 

z vertical direction 
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Section 2 Design situations 

(1)P The relevant wind actions shall be determined for each design situation identified in accordance 
with EN 1990, 3.2. 

(2) In accordance with EN 1990, 3.2 (3)P other actions (such as snow, traffic or ice) which will modify 
the effects due to wind should be taken into account. 

I§) NOTE See also EN 1991-1-3, EN 1991-2 and ISO 12494 @2] 

(3) In accordance with EN 1990, 3.2 (3)P, the changes to the structure during stages of execution 
(such as different stages of the form of the structure, dynamic characteristics, etc.), which may modify 
the effects due to wind, should be taken into account. 

NOTE See also EN 1991-1-6 

(4) Where in design windows and doors are assumed to be shut under storm conditions, the effect of 
these being open should be treated as an accidental design situation. 

NOTE See also EN 1990,3.2 (2) (P) 

(5) Fatigue due to the effects of wind actions should be considered for susceptible structures. 

NOTE The number of load cycles may be obtained from Annex 8, C and E. 
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3.1 Nature 

Modelling of wind actions 
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(1) Wind actions fluctuate with time and act directly as pressures on the external surfaces of enclosed 
structures and, because of porosity of the external surface, also act indirectly on the internal surfaces. 
They may also act directly on the internal surface of open structures. Pressures act on areas of the 
surface resulting in forces normal to the surface of the structure or of individual cladding components. 
Additionally, when large areas of structures are swept by the wind, friction forces acting tangentially to 
the surface may be significant. 

3.2 Representations of wind actions 

(1) The wind action is represented by a simplified set of pressures or forces whose effects are 
equivalent to the extreme effects of the turbulent wind. 

3.3 Classification of wind actions 

(1) Unless otherwise specified, wind actions should be classified as variable fixed actions, see EN 
1990,4.1.1. 

3.4 Characteristic values 

(1) The wind actions calculated using EN 1991-1-4 are characteristic values (See EN 1990,4.1.2). 
They are determined from the basic values of wind velocity or the velocity pressure. In accordance 
with EN 1990 4.1.2 (7)P the basic values are characteristic values having annual probabilities of 
exceedence of 0,02, which is equivalent to a mean return period of 50 years. 

NOTE All coefficients or models, to derive wind actions from basic values, are chosen so that the 
probability of the calculated wind actions does not exceed the probability of these basic values. 

3.5 Models 

(1) The effect of the wind on the structure (i.e. the response of the structure), depends on the size, 
shape and dynamic properties of the structure. This Part covers dynamic response due to along-wind 
turbulence in resonance with the along-wind vibrations of a fundamental flexural mode shape with 
constant sign. 

The response of structures should be calculated according to Section 5 from the peak velocity 
pressure, qp, at the reference height in the undisturbed wind field, the force and pressure coefficients 
and the structural factor GsGd (see Section 6). qp depends on the wind climate, the terrain roughness 
and orography, and the reference height. qp is equal to the mean velocity pressure plus a contribution 
from short-term pressure fluctuations. 

(2) Aeroelastic response should be considered for flexible structures such as cables, masts, chimneys 
and bridges. 

NOTE Simplified guidance on aeroelastic response is given in Annex E. 
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Section 4 Wind velocity and velocity pressure 

4.1 Basis for calculation 

(1) The wind velocity and the velocity pressure are composed of a mean and a fluctuating component. 

The mean wind velocity Vm should be determined from the basic wind velocity Vb which depends on the 
wind climate as described in 4.2, and the height variation of the wind determined from the terrain 
roughness and orography as described in 4.3. The peak velocity pressure is determined in 4.5. 

The fluctuating component of the wind is represented by the turbulence intensity defined in 4.4. 

NOTE The National Annex may provide National climatic information from which the mean wind velocity 
vm' the peak velocity pressure qp and additional values may be directly obtained for the terrain categories 
considered. 

4.2 Basic values 

(1)P The fundamental value of the basic wind velocity, Vb,Q, is the characteristic 10 minutes mean wind 
velocity, irrespective of wind direction and time of year, at 10m above ground level in open country 

terrain with low vegetation such as grass and isolated obstacles with separations of at least 20 
obstacle heights. 

NOTE 1 This terrain corresponds to terrain category II in Table 4.1. 

NOTE 2 The fundamental value of the basic wind velocity, Vb,O. may be given in the National Annex. 

(2)P The basic wind velocity shall be calculated from Expression (4.1). 

Vb C dir ' Cseason . V b,O (4.1 ) 

where: 

Vb is the basic wind velocity, defined as a function of wind direction and time of year at 10m 
above ground of terrain category II 

Vb,Q is the fundamental value of the basic wind velocity, see (1)P 

Cdir is the directional factor, see Note 2. 

Cseason is the season factor, see Note 3. 

18 

NOTE 1 Where the influence of altitude on the basic wind velocity Vb is not included in the specified 
fundamental value Vb,Q the National Annex may give a procedure to take it into account. 

NOTE 2 The value of the directional factor, Cdir, for various wind directions may be found in the National 
Annex. The recommended value is 1,0. 

NOTE 3 The value of the season factor, Cseason, may be given in the National Annex. The recommended 
value is 1,0. 

NOTE 4 The 10 minutes mean wind velocity having the probability p for an annual exceedence is 
determined by multiplying the basic wind velocity Vb in 4.2 (2)P by the probability factor, Cprob given by 
Expression (4.2). See also EN 1991-1-6. 
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where: 

(
1 K.ln(-ln(1-p))]n 

1- K ·In(-ln(0,98)) 
(4.2) 

K is the shape parameter depending on the coefficient of variation of the extreme-value distribution. 

n is the exponent. 

NOTE 5 The values for K and n may be given in the National Annex. The recommended values are 0,2 
for K and 0,5 for n. 

(3) For temporary structures and for all structures in the execution phase, the seasonal factor cseason 

may be used. For transportable structures, which may be used at any time in the year, cseason should 
be taken equal to 1,0. 

NOTE See also EN 1991-1-6. 

4.3 Mean wind 

4.3.1 Variation with height 

(1) The mean wind velocity vm{z) at a height z above the terrain depends on the terrain roughness 
and orography and on the basic wind velocity, Vb, and should be determined using Expression (4.3) 

(4.3) 

where: 

Cr(z) is the roughness factor, given in 4.3.2 

Co(z) is the orography factor, taken as 1,0 unless otherwise specified in 4.3.3 

NOTE 1 Information on Co may be given in the National Annex. If the orography is accounted for in the 
basic wind velocity, the recommended value is 1,0. 

NOTE 2 Design charts or tables for vm(z) may be given in the National Annex. 

The influence of neighbouring structures on the wind velocity should be considered (see 4.3.4). 

4.3.2 Terrain roughness 

(1) The roughness factor, cr{z), accounts for the variability of the mean wind velocity at the site of the 
structure due to: 

the height above ground level 

the ground roughness of the terrain upwind of the structure in the wind direction considered 

NOTE The procedure for determining cr(z) may be given in the National Annex. The recommended 
procedure for the determination of the roughness factor at height z is given by Expression (4.4) and is 
based on a logarithmic velocity profile. 

C;(Z)=k;ln(:.J for 
(4.4) 

cr (z) = cr (zmin) for 
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where: 

Zo is the roughness length 

kr terrain factor depending on the roughness length Zo calculated using 

( J

O'07 

kr 0,19 . .3L 
ZO,II 

(4.5) 

where: 

ZO,II = 0,05 m (terrain category II, Table 4.1) 

Zmin is the minimum height defined in Table 4.1 

Zmax is to be taken as 200 m 

Zo, Zmin depend on the terrain category. Recommended values are given in Table 4.1 depending on five 
representative terrain categories. 

Expression (4.4) is valid when the upstream distance with uniform terrain roughness is long enough to 
stabilise the profile sufficiently, see (2). 

Table 4.1 - Terrain categories and terrain parameters 

Zo Zmin 
Terrain category 

m m 

° Sea or coastal area exposed to the open sea 0,003 1 

I Lakes or flat and horizontal area with negligible vegetation and 
0,01 1 

without obstacles 

II Area with low vegetation such as grass and isolated obstacles 
0,05 2 

(trees, buildings) with separations of at least 20 obstacle heights 

III Area with regular cover of vegetation or buildings or with isolated 
obstacles with separations of maximum 20 obstacle heights (such 0,3 5 
as villages, suburban terrain, permanent forest) 

IV Area in which at least 15 % of the surface is covered with buildings 
1,0 10 

and their average height exceeds 15 m 

NOTE: The terrain categories are illustrated in A.1. 

(2) The terrain roughness to be used for a given wind direction depends on the ground roughness and 
the distance with uniform terrain roughness in an angular sector around the wind direction. Small 
areas (less than 10% of the area under consideration) with deviating roughness may be ignored. See 
Figure 4.1. 
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Figure 4.1 - Assessment of terrain roughness 

NOTE The National Annex may give definitions of the angular sector and of the upstream distance. The 
recommended value of the angular sector may be taken as the 30° angular sector within ±15° from the 
wind direction. The recommended value for the upstream distance may be obtained from A.2. 

(3) When a pressure or force coefficient is defined for a nominal angular sector, the lowest roughness 
length within any 30° angular wind sector should be used. 

(4) When there is choice between two or more terrain categories in the definition of a given area, then 
the area with the lowest roughness length should be used. 

4.3.3 Terrain orography 

(1) Where orography (e.g. hills, cliffs etc.) increases wind velocities by more than 5% the effects 
should be taken into account using the orography factor co. 

NOTE The procedure to be used for determining Co may be given in the National Annex. The 
recommended procedure is given in A.3. 

(2) The effects of orography may be neglected when the average slope of the upwind terrain is less 
than 3°. The upwind terrain may be considered up to a distance of 10 times the height of the isolated 
orographic feature. 

4.3.4 large and considerably higher neighbouring structures 

(1) If the structure is to be located close to another structure, that is at least twice as high as the 
average height of its neighbouring structures, then it could be exposed (dependent on the properties 
of the structure) to increased wind velocities for certain wind directions. Such cases should be taken 
into account. 

NOTE The National Annex may give a procedure to take account of this effect. A recommended 
conservative first approximation is given in A.4. 
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4.3.5 Closely spaced buildings and obstacles 

(1) The effect of closely spaced buildings and other obstacles may be taken into account. 

NOTE The National Annex may give a procedure. A recommended first approximation is given in AS. In 
rough terrain closely spaced buildings modify the mean wind flow near the ground, as if the ground level 
was raised to a height called displacement height hdis. 

4.4 Wind turbulence 

(1) The turbulence intensity Iv(z) at height z is defined as the standard deviation of the turbulence 
divided by the mean wind velocity. 

NOTE 1 The turbulent component of wind velocity has a mean value of 0 and a standard deviation Civ. The 
standard deviation of the turbulence Civ may be determined using Expression (4.6). 

(4.6) 

For the terrain factor kr see Expression (4.5), for the basic wind velocity Vb see Expression (4.1) and for 
turbulence factor kl see Note 2. 

NOTE 2 The recommended rules for the determination of Iv(z) are given in Expression (4.7) 

'v(z)= 
vm(z) 

for 
(4.7) 

I v (z) I v (zmin ) for 

where: 

kl is the turbulence factor. The value of kl may be given in the National Annex. The recommended value 
for kl is 1,0. 

Co is the orography factor as described in 4.3.3 

Zo is the roughness length, given in Table 4.1 

4.5 Peak velocity pressure 

(1) The peak velocity pressure qp(z) at height z, which includes mean and short-term velocity 
fluctuations, should be determined. 
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NOTE 1 The National Annex may give rules for the determination of qp(z). The recommended rule is given 
in Expression (4.8). 

(4.8) 

where: 

p is the air density, which depends on the altitude, temperature and barometric pressure to be 
expected in the region during wind storms 

C~(Z) is the exposure factor given in Expression (4.9) 

(4.9) 

qb is the basic velocity pressure given in Expression (4.10) 
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(4.10) 

NOTE 2 The values for p may be given in the National Annex. The recommended value is 1,25 kg/m3
. 

NOTE 3 The value 7 in Expression (4.8) is based on a peak factor equal to 3,5 and is consistent with the 
values of the pressure and force coefficients in Section 7. 

For flat terrain where co(z) = 1,0 (see 4.3.3), the exposure factor cc(z) is illustrated in Figure 4.2 as a 
function of height above terrain and a function of terrain category as defined in Table 4.1 

Z 
[m]100 

90+-----~---------'·-----~---------------------+-

80~----------·~---------~~-------+--~-~-~--~---~---1-~-------1 

70 

50r-----·----~-~-----------~--+ 

40-1--------------------------~------~--1----~--~-+-4-~----------1 

30 

10 

o 1-, ------------------1------+-------1
50 

ce(z) 
0,0 1,0 2,0 3,0 4,0 I 

Figure 4.2 - Illustrations of the exposure factor ce(z) for co=1 ,0, k,=1,0 
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Section 5 Wind actions 

5.1 General 

(1)P Wind actions on structures and structural elements shall be determined taking account of both 
external and internal wind pressures. 

NOTE A summary of calculation procedures for the determination of wind actions is given in Table 5.1. 

Table 5.1 -Calculation procedures for the determination of wind actions 

Parameter 

peak velocity pressure qp 

basic wind velocity Vb 

reference height Ze 

terrain category 

characteristic peak velocity pressure qp 

turbulence intensity Iv 

mean wind velocity Vm 

orography coefficient co(z) 

roughness coefficient cr(z) 

Wind pressures, e.g. for cladding, fixings and structural 
parts 

external pressure coefficient cpe 

internal pressure coefficient Cpi 

net pressure coefficient cp,net 

external wind pressure: we=qp cpe 

internal wind pressure: Wi=qp Cpi 

Wind forces on structures, e.g. for overall wind effects 

structural factor: CsCd 

wind force Fw calculated from force coefficients 

wind force Fw calculated from pressure coefficients 

5.2 Wind pressure on surfaces 

Subject Reference 

4.2 (2)P 

Section 7 

Table 4.1 

4.5 (1) 

4.4 

4.3.1 

4.3.3 

4.3.2 

Section 7 

Section 7 

Section 7 

5.2 (1) 

5.2 (2) 

6 

5.3 (2) 

5.3 (3) 

(1) The wind pressure acting on the external surfaces, We, should be obtained from Expression (5.1). 

(5.1 ) 

where: 

is the peak velocity pressure 

is the reference height for the external pressure given in Section 7 

epe is the pressure coefficient for the external pressure, see Section 7. 
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NOTE qp(z) is defined in 4.5 

(2) The wind pressure acting on the internal surfaces of a structure, Wi , should be obtained from 
Expression (5.2) 

(5.2) 

where: 

qp(Zi) is the peak velocity pressure 

Zi is the reference height for the internal pressure given in Section 7 

Cpi is the pressure coefficient for the internal pressure given in Section 7 

NOTE qp(z) is defined in 4.5 

(3) The net pressure on a wall, roof or element is the difference between the pressures on the 
opposite surfaces taking due account of their signs. Pressure, directed towards the surface is taken as 
positive, and suction, directed away from the surface as negative. Examples are given in Figure 5.1. 

---- --
neg \ \ \ \ I; I neg 

\ \ \ \11 1 I! 
-- T\ /+1-

~ pas __ -- Positive 
internal 

pressure -- -- -- Negative --
~ pas __ internal __ neg 

pressure 
neg 

--
(a) (b) 

pas neg pas neg 

(c) (d) 

Figure 5.1 - Pressure on surfaces 

5.3 Wind forces 

(1) The wind forces for the whole structure or a structural component should be determined: 

by calculating forces using force coefficients (see (2)) or 

by calculating forces from surface pressures {see (3)) 

(2) The wind force Fw acting on a structure or a structural component may be determined directly by 
using Expression (5.3) 

(5.3) 

or by vectorial summation over the individual structural elements (as shown in 7.2.2) by using 
Expression (5.4) 
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L C f • q p (z e ) • Aref 
elements 

where: 

CsCd is the structural factor as defined in Section 6 

(5.4 ) 

Cf is the force coefficient for the structure or structural element, given in Section 7 or Section 8 

qp(Ze) is the peak velocity pressure (defined in 4.5) at reference height Ze (defined in Section 7 or 
Section 8) 

Aref is the reference area of the structure or structural element, given in Section 7 or Section 8 

NOTE Section 7 gives Cf values for structures or structural elements such as prisms, cylinders, roofs, 
signboards, plates and lattice structures etc. These values include friction effects. Section 8 gives Ct values 
for bridges. 

(3) The wind force, Fw acting on a structure or a structural element may be determined by vectorial 
summation of the forces Fw,e, FW.i and calculated from the external and internal pressures using 
Expressions (5.5) and (5.6) and the frictional forces resulting from the friction of the wind parallel to the 
external surfaces, calculated using Expression (5.7). 

external forces: 

Fw,e cscd , L we' Aref 
surfaces 

internal forces: 

FW,j LWj . Aref 
surfaces 

friction forces: 

where: 

CsCd is the structural factor as defined in Section 6 

We is the external pressure on the individual surface at height Ze, given in Expression (5.1) 

Wi is the internal pressure on the individual surface at height Zj, given in Expression (5.2) 

is the reference area of the individual surface 

Cfr is the friction coefficient derived from 7.5 

Afr is the area of external surface parallel to the wind, given in 7.5. 

(5.5) 

(5.6) 

(5.7) 

NOTE 1 For elements (e.g. walls, roofs), the wind force becomes equal to the difference between the 
external and internal resulting forces. 

NOTE2 Friction forces Ffr act in the direction of the wind components parallel to external surfaces. 

(4) The effects of wind friction on the surface can be disregarded when the total area of all surfaces 
parallel with (or at a small angle to) the wind is equal to or less than 4 times the total area of all 
external surfaces perpendicular to the wind (windward and leeward). 
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(5) In the summation of the wind forces acting on building structures, the lack of correlation of wind 
pressures between the windward and leeward sides may be taken into account. 

NOTE The National Annex may determine whether this lack of correlation may be applied generally or be 
restricted to walls as applied in 7.2.2 (3). It is recommended to consider the lack of correlation only for 
walls (see 7.2.2 (3)). 
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Section 6 Structural factor CsCd 

6.1 General 

(1) The structural factor cscd should take into account the effect on wind actions from the non
simultaneous occurrence of peak wind pressures on the surface (cs) together with the effect of the 
vibrations of the structure due to turbulence (Cd). 

NOTE The structural factor cscd may be separated into a size factor Cs and a dynamic factor cd, based 
on 6.3. Information on whether the structural factor cscd should be separated or not may be given in the 
National Annex. 

6.2 Determination of CsCd 

(1) cscd may be determined as follows: 

a) For buildings with a height less than 15 m the value of CsCd may be taken as 1. 

b) For facade and roof elements having a natural frequency greater than 5 Hz, the value of CsCd may 
be taken as 1. 

c) For framed buildings which have structural walls and which are less than 100 m high and whose 
height is less than 4 times the in-wind depth, the value of CsCd may be taken as 1. 

d) For chimneys with circular cross-sections whose height is less than 60 m and 6,5 times the 
diameter, the value of CsCd may be taken as 1. 

e) Alternatively, for cases a), b), c) and d) above, values of CsCd may be derived from 6.3.1. 

f) For civil engineering works (other than bridges, which are considered in Section 8), and chimneys 
and buildings outside the limitations given in c) and d) above, CsCd should be derived either from 
6.3 or taken from Annex D. 

NOTE 1 Natural frequencies of facade and roof elements may be calculated using Annex F (glazing 
spans smaller than 3 m usually lead to natural frequencies greater than 5 Hz) 

NOTE 2 The figures in Annex D give values of CsCd for various types of structures. The figures give 
envelopes of safe values calculated from models complying with the requirements in 6.3.1. 

6.3 Detailed procedure 

6.3.1 Structural factor CsCd 

(1) The detailed procedure for calculating the structural factor CsCd is given in Expression (6.1). This 
procedure can only be used if the conditions given in 6.3.1 (2) apply. 

(6.1 ) 

where: 

Zs is the reference height for determining the structural factor, see Figure 6.1. For structures 
where Figure 6.1 does not apply Zs may be set equal to h, the height of the structure. 

kp is the peak factor defined as the ratio of the maximum value of the fluctuating part of the 
response to its standard deviation 
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8 2 is the background factor, allowing for the lack of full correlation of the pressure on the structure 
surface 

R2 is the resonance response factor, allowing for turbulence in resonance with the vibration mode 

NOTE 1 The size factor Cs takes into account the reduction effect on the wind action due to the non
simultaneity of occurrence of the peak wind pressures on the surface and may be obtained from 
Expression (6.2): 

1+7·/ (z)· c = v s 

s 1 + 7 . / v (zs ) (6.2) 

NOTE 2 The dynamic factor Cd takes into account the increasing effect from vibrations due to turbulence 
in resonance with the structure and may be obtained from Expression (6.3): 

(6.3) 

NOTE 3 The procedure to be used to determine kp, Band R may be given in the National Annex. A 
recommended procedure is given in Annex B. An alternative procedure is given in Annex C. As an 
indication to the users the differences in CsCd using Annex C compared to Annex B does not exceed 
approximately 5%. 

(2)P Expression (6.1) shall only be used if all of the following requirements are met: 

the structure corresponds to one of the general shapes shown in Figure 6.1, 

only the along-wind vibration in the fundamental mode is significant, and this mode shape has a 
constant sign. 

NOTE The contribution to the response from the second or higher alongwind vibration modes is 
negligible. 
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a) vertical structures such as 

buildings etc. 

b) parallel oscillator, i.e. horizontal 

structures such as beams etc. 

c) pointlike structures 

such as signboards etc. 

NOTE Limitations are also given in 1.1 (2) 

Figure 6.1 - General shapes of structures covered by the design procedure. The structural 
dimensions and the reference height used are also shown. 

6.3.2 Serviceability assessments 

(1) For serviceability assessments, the maximum along-wind displacement and the standard deviation 
of the characteristic along-wind acceleration of the structure at height z should be used. For the 
maximum along-wind displacementthe equivalent static wind force defined in ~5.3 @l]should be used. 

NOTE The National Annex may give a method for determining the along-wind displacement and the 
standard deviation of the along-wind acceleration. The recommended method is given in Annex B. An 
alternative method is given in Annex C. 

6.3.3 Wake buffeting 

(1) For slender buildings (hId> 4) and chimneys (hId> 6,5) in tandem or grouped arrangement, the 
effect of increased turbulence in the wake of nearby structures (wake buffeting) should be taken into 
account. 

(2) Wake buffeting effects may be assumed to be negligible if at least one of the following conditions 
applies: 

The distance between two buildings or chimneys is larger than 25 times the cross wind dimension 
of the upstream building or chimney. 
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The natural frequency of the downstream building or chimney is higher than 1 Hz. 

NOTE If none of the conditions in 6.3.3 (2) is fulfilled wind tunnel tests or specialist advice is 
recommended. 



Section 7 

7.1 General 

Pressure and force coefficients 
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(1) This section should be used to determine the appropriate aerodynamic coefficients for structures. 
Depending on the structure the appropriate aerodynamic coefficient will be: 

Internal and external pressure coefficients, see 7.1.1 (1), 

Net pressure coefficients, see 7.1.1 (2), 

Friction coefficients, see 7.1.1 (3), 

Force coefficients, see 7.1.1 (4). 

7.1.1 Choice of aerodynamic coefficient 

(1) Pressure coefficients should be determined for: 

Buildings, using 7.2 for both internal and external pressures, and for 

Circular cylinders, using 7.2.9 for the internal pressures and 7.9.1 for the external pressures 

NOTE 1 External pressure coefficients give the effect of the wind on the external surfaces of buildings; 
internal pressure coefficients give the effect of the wind on the internal surfaces of buildings. 

NOTE 2 The external pressure coefficients are divided into overall coefficients and local coefficients. 
Local coefficients give the pressure coefficients for loaded areas of 1 m2

. They may be used for the design 
of small elements and fixings. Overall coefficients give the pressure coefficients for loaded areas of 10m2

. 

They may be used for loaded areas larger than 10m2
. 

(2) Net pressure coefficients should be determined for: 

Canopy roofs, using 7.3 

Free-standing walls, parapets and fences using 7.4 

NOTE Net pressure coefficients give the resulting effect of the wind on a structure, structural element or 
component per unit area. 

(3) Friction coefficients should be determined for walls and surfaces defined in 5.3 (3) and (4), using 
7.5. 

(4) Force coefficients should be determined for: 

Signboards, using 7.4.3, 

Structural elements with rectangular cross section, using 7.6, 

Structural elements with sharp edged section, using 7.7, 

Structural elements with regular polygonal section, using 7.8, 

Circular cylinders, using 7.9.2 and 7.9.3, 

Spheres, using 7.10, 

Lattice structures and scaffoldings, using 7.11, 
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Flags, using 7.12. 

A reduction factor depending on the effective slenderness of the structure may be applied, using 7.13. 

NOTE Force coefficients give the overall effect of the wind on a structure, structural element or 
component as a whole, including friction, if not specifically excluded. 

7.1.2 Asymmetric and counteracting pressures and forces 

(1) If instantaneous fluctuations of wind over surfaces can give rise to significant asymmetry of 
loading and the structural form is likely to be sensitive to such loading (e.g. torsion in nominally 
symmetric single core buildings) then their effect should be taken into account. 

(2) For free-standing canopies and signboards, 7.3 and 7.4 should be applied. 

NOTE The National Annex may give procedures for other structures. The recommended procedures are: 

a) For rectangular structures that are susceptible to torsional effects the pressure distribution given in 
Figure 7.1 should be applied for the representation of the torsional effects due to an inclined wind or due to 
lack of correlation between wind forces acting at different places on the structure. 

v 

Figure 7.1 Pressure distribution used to take torsional effects into account. The zones and 
values for cpe are given in Table 7.1 and Figure 7.5. 

b) For other cases an allowance for asymmetry of loading should be made by completely removing the 
design wind action from those parts of the structure where its action will produce a beneficial effect. 

7.1.3 Effects of ice and snow 

(1) If ice or snow alters the geometry of a structure so that it changes the reference area or shape, 
this should be taken into account. 

NOTE Further information may be given in the National Annex. 
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7.2 Pressure coefficients for buildings 

7.2.1 General 

(1) The external pressure coefficients cpe for buildings and parts of buildings depend on the size of the 
loaded area A, which is the area of the structure, that produces the wind action in the section to be 
calculated. The external pressure coefficients are given for loaded areas A of 1 m2 and 10m2 in the 
tables for the appropriate building configurations as Cpe ,1, for local coefficients, and Cpe,10, for overall 
coefficients, respectively. 

NOTE 1 Values for Cpe ,1 are intended for the design of small elements and fixings with an area per 
element of 1 m2 or less such as cladding elements and roofing elements. Values for Cpe ,10 may be used for 
the design of the overall load bearing structure of buildings. 

NOTE 2 The National Annex may give a procedure for calculating external pressure coefficients for 
loaded areas above 1 m2 based on external pressure coefficients Cpe,1 and Cpe,10. The recommended 
procedure for loaded areas up to 10 m2 is given in Figure 7.2. 

Cpe,1 0 '1 .... ---- .... ------------------------------------ .. ----.---------..... ----------.-.---------- ..... --.---- .... ----.---- .• -=-

0,1 1 2 4 6 8 10 

The figure is based on the following: 
for 1 m2 

< A < 10m2 
Cpe = Cpe,1 - (Cpe ,1 -Cpe,10) 10glO A 

Figure 7.2 - Recommended procedure for determining the external pressure coefficient cpe for 
buildings with a loaded area A between 1 m2 and 10 m2 

(2) The values Cpe,10 and Cpe ,1 in Tables 7.1 to 7.5 should be used for the orthogonal wind directions 0°, 
90°, 180°. These values represent the most unfavourable values obtained in a range of wind direction 
e = ± 45° either side of the relevant orthogonal direction. 

(2) For protruding roof corners the pressure on the underside of the roof overhang is equal to the 
pressure for the zone of the vertical wall directly connected to the protruding roof; the pressure at the 
top side of the roof overhang is equal to the pressure of the zone, defined for the roof. 
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protruding 

pressure at underside 
found from wall pressure 

Figure 7.3 - Illustration of relevant pressures for protruding roofs 

7.2.2 Vertical walls of rectangular plan buildings 

(1) The reference heights, Ze, for windward walls of rectangular plan buildings (zone D, see Figure 
7.5) depend on the aspect ratio hlb and are always the upper heights of the different parts of the walls. 
They are given in Figure 7.4 for the following three cases: 
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A building, whose height h is less than b should be considered to be one part. 

A building, whose height h is greater than b, but less than 2b, may be considered to be two parts, 
comprising: a lower part extending upwards from the ground by a height equal to b and an upper 
part consisting of the remainder. 

A building, whose height h is greater than 2b may be considered to be in multiple parts, 
comprising: a lower part extending upwards from the ground by a height equal to b; an upper part 
extending downwards from the top by a height equal to b and a middle region, between the upper 
and lower parts, which may be divided into horizontal strips with a height hstrip as shown in 
Figure 7.4. 

NOTE The rules for the velocity pressure distribution for leeward wall and sidewalls (zones A, B, C and E, 
see Figure 7.5) may be given in the National Annex or be defined for the individual project. The 
recommended procedure is to take the reference height as the height of the building. 
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building 
face 

b 

b 

reference 
height 

z 

shape of profile 
of velocity 

qp(z)=qp(b) 
I---------------------D-I 

qp(z)=qp(h) 
1--------~~__IiI'l 

NOTE The velocity pressure should be assumed to be uniform over each horizontal strip considered. 

Figure 7.4 - Reference height, Ze, depending on hand b, and 
corresponding velocity pressure profile 

(2) The external pressure coefficients Cpe .10 and Cpe .1 for zone A, B, C, 0 and E are defined in 
Figure 7.5. 
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Figure 7.5 - Key for vertical walls 

36 

NOTE 1 The values of Cpe ,10 and Cpe ,1 may be given in the National Annex. The recommended values are 
given in Table 7.1, depending on the ratio hid. For intermediate values of hid, linear interpolation may be 
applied. The values of Table 7.1 also apply to walls of buildings with inclined roofs, such as duopitch and 
monopitch roofs. 
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Table 7.1 - Recommended values of external pressure coefficients for vertical walls of 
rectangular plan buildings 

Zone A B C D E 

hId Cpe ,10 Cpe,1 Cpe,10 Cpe ,1 Cpe,10 I Cpe,1 Cpe,10 Cpe ,1 Cpe,10 I Cpe,1 

5 -1,2 - ,8 -1,1 -0,5 +0,8 +1,0 -0,7 

1 -1,2 -1,4 
I -0,8 -1,1 -0,5 +0,8 +1,0 -0,5 

0,25 -1,2 -1,4 -0,8 -1,1 -0,5 +0,7 +1,0 -0,3 

NOTE 2 For buildings with hId> 5, the total wind loading may be based on the provisions given in 
7,6 to 7.8 and 7.9.2. 

(3) In cases where the wind force on building structures is determined by application of the pressure 
coefficients cpe on windward and leeward side (zones D and E) of the building simultaneously, the lack 
of correlation of wind pressures between the windward and leeward side may have to be taken into 
account. 

NOTE The lack of correlation of wind pressures between the windward and leeward side may be 
considered as follows. For buildings with hId 5 the resulting force is multiplied by 1. For buildings with 
hId 1, the resulting force is multiplied by 0,85. For intermediate values of hId, linear interpolation may be 
applied. 

7.2.3 Flat roofs 

(1) Flat roofs are defined as having a slope (a) of-5°< a < 5° 

~ (2) The roof should be divided in zones. 

NOTE The zones may be defined by the National Annex. 
The recommended zones are given in Figure 7.6. ®J 

(3) The reference height for flat roof and roofs with curved or mansard eaves should be taken as h. 
The reference height for flat roofs with parapets should be taken as h + hp, see Figure 7.6. 

~ (4) Pressure coefficients should be defined for each zone. 

NOTE 1 The pressure coefficients may be set by the National Annex. 
The recommended values are given in Table 7.2 

NOTE 2 The resulting pressure coefficient on the parapet should be determined using 7.4. ®J 
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Parapets 

e/4 F 

Wind~ 
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I b 
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I 

/ Edge of eave ~ 

e = b or 2h 
whichever is smaller 

b : crosswind dimension 

Figure 7.6 - Key for flat roofs 
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~ Table 7.2 - Recommended values of external pressure coefficients for flat roofs <51 

Zone 

Roof type F G H I 

Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 I Cpe,1 

Sharp eaves -1,8 -2,5 -1,2 -2,0 -0,7 -1,2 
+0,2 

-0,2 

hplh=0,025 -1,6 -2,2 -1,1 -1,8 -0,7 -1,2 
+0,2 

-0,2 

With ! +0,2 
hplh=0,05 -1,4 -2,0 -0,9 -1,6 -0,7 -1,2 

Parapets -0,2 

hp/h=0,10 -1,2 -1,8 -0,8 -1,4 -0,7 -1,2 
+0,2 

-0,2 

rlh = 0,05 -1,0 -1,5 -1,2 -1,8 -0,4 
-0,2 

Curved +0,2 
rlh = 0,10 -0,7 -1,2 -0,8 -1,4 -0,3 

Eaves -0,2 

rlh = 0,20 -0,5 -0,8 -0,5 -0,8 -0,3 
+0,2 

-0,2 

a = 30° -1,0 -1,5 -1,0 -1,5 -0,3 
+0,2 

-0,2 

Mansard +0,2 
a = 45° -1,2 -1,8 -1,3 -1,9 -0,4 

Eaves -0,2 

a= 60° -1,3 -1,9 -1,3 -1,9 -0,5 
+0,2 

-0,2 

NOTE 1 For roofs with parapets or curved eaves, linear interpolation may be used for intermediate values of hplh 
and rlh. 

NOTE 2 For roofs with mansard eaves, linear interpolation between a 30°, 45° and a 60° may be used. For 
a> 60° linear interpolation between the values for a 60° and the values for flat roofs with sharp eaves may be 
used. 

NOTE 3 ~ In Zone I, where positive and negative values are given, both values should be considered. ~ 

NOTE4 For the mansard eave itself, the external pressure coefficients are given in Table 7.4a "External 
pressure coefficients for duopitch roofs: wind direction 0° ", Zone F and G, depending on the pitch angle of the 
mansard eave. 

NOTE 5 For the curved eave itself, the external pressure coefficients are given by linear interpolation along the 
curve, between values on the wall and on the roof. 

~NOTE 6 For mansard eaves with horizontal dimension less than e/1 O,the values for sharp eaves should be 

used. For the definition of e see Figure 7.6. ~ 
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7.2.4 Monopitch roofs 

~ (1) The roof, including its protruding parts, should be divided in zones. 

NOTE The zones may be defined by the National Annex. The recommended zones are given in 
Figure 7. 7. <51 

(2) The reference height Ze should be taken equal to h. 

15) (3) Pressure coefficients should be defined for each zone. 

NOTE The pressure coefficients may be set by the National Annex. The recommended values are 
given in Table 7.3a and Table 7.3b. <51 
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Figure 7.7 - Key for monopitch roofs 
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~ Table 7.3a - Recommended values of external pressure coefficients for monopitch roofs ®J 

Zone for wind direction () = 0 0 Zone for wind direction () = 180 0 

Pitch 
F G H F G H 

Angle a 

Cpe,10 Cpe ,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe ,1 Cpe,10 Cpe,1 Cpe,10 

-1,7 -2,5 -1,2 -2,0 -0,6 -1,2 
5° ~2,3 -2,5 -1,3 -2,0 -0,8 

+0,0 +0,0 +0,0 

-0,9 -2,0 -O,B -1,5 -0,3 
15° -2,5 -2,B -1,3 -2,0 -0,9 

+0,2 +0,2 + 0,2 

-0,5 -1,5 -0,5 -1,5 -0,2 
30" -1,1 -2,3 -O,B -1,5 -O,B 

+0,7 +0,7 +0,4 

-0,0 -0.0 -0,0 
45" -0,6 -1,3 -0,5 -0,7 

+0,7 +0,7 +0,6 

60° +0,7 +0,7 +0,7 -0,5 -1,0 -0,5 -0,5 

75° +O,B +O,B +O,B -0,5 -1,0 -0,5 -0,5 

Cpe,1 

-1,2 

-1,2 

15) Table 7.3b - Recommended values of external pressure coefficients for monopitch roofs ~ 

Zone for wind direction () = 900 

Pitch 
Fup Flow G H I 

Angle a 

Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe ,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1 

5° -2,1 -2,6 -2,1 -2,4 -1,8 -2,0 -0,6 -1,2 -0,5 

15° -2,4 -2,9 -1,6 -2,4 -1,9 -2,5 -0,8 -1,2 -0,7 -1,2 

30° -2,1 -2,9 -1,3 -2,0 -1,5 -2,0 -1,0 -1,3 -0,8 -1,2 

45° -1,5 -2,4 -1,3 -2,0 -1,0 -1,3 I -0,9 -1,2 

60° -1,2 -2,0 -1,2 -2,0 -1,2 -2,0 -1,0 -1,3 -1,2 

75° -1,2 -2,0 -1,2 -2,0 -1,2 -2,0 -1,0 -1,3 -0,5 

NOTE 1 At () = 0° (see table a)) the pressure changes rapidly between positive and negative values around 

a pitch angle of 0: = +5° to +45°, so both positive and negative values are given. For those roofs, two cases 

should be considered: one with all positive values, and one with all negative values. No mixing of positive and 

negative values is allowed on the same face. 

NOTE 2 Linear interpolation for intermediate pitch angles may be used between values of the same sign. 

The values equal to 0.0 are given for interpolation purposes 
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7.2.5 Duopitch roofs 

(5) (1) The roof, including its protruding parts, should be divided in zones. 

NOTE The zones may be defined by the National Annex. The recommended zones are given in Figure 7.B. ®1 

(2) The reference height Ze should be taken as h. 

(3) Pressure coefficients should be defined for each zone. 

NOTE The pressure coefficients may be set by the National Annex. The recommended values are given in 
Table 7Aa and Table 7Ab. ®1 
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Figure 7.8 - Key for duopitch roofs 
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Table 7.4a - Recommended values of external pressure coefficients for duopitch roofs <51 

Zone for wind direction 0 = 0 0 

Pitch 
F G H I 

Angle a 

I Cpe,10 C pe ,1 Cpe,10 Cpe,1 Cpe ,10 Cpe,10 Cpe ,1 Cpe,10 Cpe,1 

-4So -0,6 -0,6 -0,8 -0,7 -1,0 -1,5 

-30° -1,1 -2,0 -0,8 I -1,5 -0,8 -0,6 -0,8 -1,4 

-1So -2,5 -2,8 -1,3 -2,0 -0,9 -1,2 -0,5 -0,7 -1,2 

+0,2 +0,2 
-So -2,3 -2,5 -1,2 -2,0 -0,8 -1,2 

-0,6 -0,6 

-1,7 -2,5 -1,2 -2,0 -0,6 -1,2 +0,2 
So ·0,6 

+0,0 +0,0 +0,0 -0,6 

-0,9 -2,0 -0,8 -1,5 -0,3 -0,4 -1,0 -1,5 
1So 

+0,2 +0,2 +0,2 +0,0 +0,0 +0,0 

-0,5 -1,5 ·0,5 -1,5 -0,2 -0,4 -0,5 
30° 

+0,7 +0,7 +0,4 +0,0 +0,0 

-0,0 -0,0 -0,0 -0,2 -0,3 
4So 

+0,7 +0,7 +0,6 +0,0 +0,0 

60° +0,7 +0,7 +0,7 -0,2 -0,3 

7So +0,8 +0,8 +0,8 -0,2 -0,3 

NOTE 1 At 0 00 the pressure changes rapidly between positive and negative values on the windward 
face around a pitch angle of a = _50 to +45 0

, so both positive and negative values are given. For those 

roofs, four cases should be considered where the largest or smallest values of all areas F, G and Hare 

combined with the largest or smallest values in areas I and J. No mixing of positive and negative values is 

allowed on the same face. 

NOTE 2 Linear interpolation for intermediate pitch angles of the same sign may be used between values 

of the same sign. (Do not interpolate between a +5° and a -So, but use the data for flat roofs in 7.2.3). 

The values equal to 0,0 are given for interpolation purposes 
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~Table 7.4b - Recommended values of external pressure coefficients for duopitch roofs (51 

Zone for wind direction f) = 90 0 

Pitch 
F G H I 

angle a 
Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1 Cpe,10 Cpe,1 

-45° -1,4 -2,0 -1,2 -2,0 -1,0 -1,3 -0,9 -1,2 

-30° -1,5 -2,1 -1,2 -2,0 -1,0 -1,3 -0,9 -1,2 

-15° -1,9 -2,5 -1,2 -2,0 -0,8 -1,2 -0,8 -1,2 

_50 -1,8 -2,5 -1,2 -2,0 -0,7 -1,2 -0,6 -1,2 

5° -1,6 -2,2 -1,3 -2,0 -0,7 -1,2 -0,6 

15° -1,3 -2,0 -1,3 -2,0 -0,6 -1,2 -0,5 

300 -1,1 -1,5 -1,4 -2,0 -0,8 -1,2 -0,5 

45° -1,1 -1,5 -1,4 -2,0 -0,9 -1,2 -0,5 

600 -1,1 -1,5 -1,2 -2,0 -0,8 -1,0 -0,5 

75° -1,1 -1,5 -1,2 -2,0 -0,8 -1,0 -0,5 
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7.2.6 Hipped roofs 

15) (1) The roof, including its protruding parts, should be divided in zones. 

NOTE The zones may be defined by the National Annex. The recommended zones are given in 
Figure 7.9. ~ 

(2) The reference height Ze should be taken as h. 

15) (3) Pressure coefficients should be defined for each zone. 

NOTE The pressure coefficients may be set by the National Annex. The recommended values are 
given in Table 7.5. ~ 

wind 
-----. 
e == 0" 

e/10 
H 

Win~ 

H 
e/10 

(a) wind direction S 0° 

I 
h 

wind 
-----. 
8 

e b or 2h 
whichever is smaller 

90" 

b: crosswind dimension 

win~ 

\<H-le/10 

~e/10 

(b) wind direction S = 90° 

Figure 7.9 - Key for hipped roofs 
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~ Table 7.5 - Recommended values of external pressure coefficients for hipped roofs of buildings 011 

Pitch Zone for wind direction 8 = 0° and 8 = 90° 
angle 

ao for 

8=00 F G H I J K L M N 

agO for 
8=90 0 Cpe,10 Cpe ,l Cpe,10 Cpe ,l Cpe ,10 Cpe,l Cpe,10 Cpe,l Cpe,10 Cpe,l Cpa.l0 Cpe,l Cpe.l0 Cpe ,l Cpe,10 Cpe,l Cpe ,10 Cpe ,l 

-1,7 -2,5 -1,2 -2,0 1-0,6 -1,2 
5° -0,3 -0,6 -0,6 -1,2 -2,0 -0,6 -1,2 -0,4 

+0,0 +0,0 +0,0 

-0,9 -2,0 ,8 -1,5 -0,3 
15° -0,5 -1,0 -1,5 -1,2 -2,0 -1,4 -2,0 -0,6 -1,2 -0,3 

+0,2 +0,2 +0,2 

-0,5 -1,5 -0,5 1-1,5 -0,2 
30° -0,4 -0,7 -1,2 -0,5 -1,4 -2,0 -0,8 -1,2 -0,2 

+0,5 +0,7 +0,4 

-0,0 -0,0 -0,0 
45° -0,3 -0,6 -0,3 -1,3 -2,0 -0,8 -1,2 -0,2 

+0,7 1+0,7 +0,6 

60° +0,7 +0,7 +0,7 -0,3 -0,6 -0,3 -1,2 -2,0 -0,4 -0,2 

75° +0,8 +0,8 +0,8 -0,3 -0,6 -0,3 -1,2 -2,0 -0,4 -0,2 

NOTE 1 At 0 = 0° the pressures changes rapidly between positive and negative values on the windward face at 
pitch angle of Ct = +5° to +45°, so both positive and negative values are given. For those roofs, two cases should be 
considered: one with all positive values, and one with all negative values. No mixing of positive and negative values 
are allowed. 

NOTE 2 Linear interpolation for intermediate pitch angles of the same sign may be used between values of the 
same sign. The values equal to 0,0 are given for interpolation purposes 

NOTE 3 The pitch angle of the windward face always will govern the pressure coefficients. 

7.2.7 Multispan roofs 

(1) Pressure coefficients for wind directions 0°, 90° and 180° for each span of a multispan roof may be 
derived from the pressure coefficient for each individual span. 

Modifying factors for the pressures (local and global) for wind directions 0° and 180° on each span 
should be derived: 

from 7.2.4 for monopitch roofs, modified for their position according to Figure 7.10 a and b. 

from 7.2.5 for duopitch roofs for a < 0 modified for their position according to Figure 7.10 c and d. 

(2) The zones F/G/J used should be considered only for the upwind face. The zones H and I should be 
considered for each span of the multispan roof. 

(3) The reference height Ze should be taken as the height of the structure, h, see Figure 7.10. 

~ (4) For a multispan roof when no resulting horizontal force arise, a minimum roughness 
factor of 0,05 (independently from the roughness of the structure) should be taken into 
account for wind actions normal to the areas of the multispan roof. Consequently each 
multispan roof shall be designed for the following minimum resulting horizontal force: ®l 
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where 

a) 

b) 

c) 

d) 

0,05 . qp,ze . AShed 

BS EN 1991-1-4:2005+A1:2010 
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AShed is the base area of each multispan roof. ®1 

Cpa Cpa 0,6 cpe 0,6 cpe 0,6 Cpo 

---+.} t} 

Cpe 0,8 cpe 0,6 cpe 0,6 cpe 

-~-~/ '). / '). / '). / '). -~-1 
----~. ~ ~~~~~~~~~~~~~~~~~~ ~ 

--- ---

NOTE 1 In configuration b two cases should be considered depending on the sign of pressure coefficient 
cpe on the first roof. 

NOTE 2 In configuration C the first cpe is the cpe of the monopitch roof, the second and all following cpe are 
the cpe of the troughed duopitch roof. 

Figure 7.10 - Key to multispan roofs 
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7.2.8 Vaulted roofs and domes 

(1) This section applies to circular cylindrical roofs and domes. 

NOTE The values of Cpe,10 and Cpe ,1 to be used for circular cylindrical roofs and domes may be given in 
the National Annex. The recornmended values of Cpe,10 are given in Figures 7.11 and 7.12 for different 
zones. The reference height should be taken as Ze = h + f. 

B 

Cpe,10 

0,8 r---------~------~--------~--------~------~~-------

0,6 r---------r-------~--------~-----~ 

0,2 r-----I-::.. 

o~--+-~~------~~----~~-----
0,3 0,5 

-0,2 I-----............... ---t----+----i--------r------t--

c 

-1 ,0 1----.:."" --+-----

B 
-1 ,2 1----'---"'--_ ........ -

~ For Zone A: 
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• for 0< hid < 0,5, the coefficient Cpe, 10 is obtained by linear interpolation 

• for 0,2 ~ tid ~ 0,3 and hid;?: 0,5, two values of have to be considered 

• the diagram is not applicable for flat roofs 

Figure 7.11 - Recommended values of external pressure coefficients Cpe.10 for vaulted roofs with 
rectangular base 



+Cpe,10 
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b=d 

Cpe,10 = constant 
along each plane 

0,0 1------+---..........--............ ~--+--I---+O-5 -+ C(hld=O) 
~0,2 ----I-' fI d 
-0,4 

-0,6 

~0,8 I------t'l ..... --./-.....;-----.;:"'-'" 

-1,01-----+-/ 

~ 1,2 r----/r----I---'----== 

-1,4 

::::::~t=:= B(hl d=O) 
B(h/~O,5) 

-1,6 r-----"\. 1----.:::;;,o~=------I..----..I..-----'-

-Cpe,10 

Cpe,10 is constant along arcs of circles, intersections of the sphere and of planes perpendicular to the wind; 
it can be determined as a first approximation by linear interpolation between the values in A, Band C 
along the arcs of circles parallel to the wind. In the same way the values of Cpe,10 in A if 0 < hid < 1 and in B 
or C if 0 < hid < 0,5 can be obtained by linear interpolation in the Figure above. 

Figure 7.12 - Recommended values of external pressure coefficients Cpe,10 for domes with circular 
base 

(2) Pressure coefficients for the walls of rectangular buildings with vaulted roofs should be taken from 
7.2.2. 

7.2.9 Internal pressure 

(1)P Internal and external pressures shall be considered to act at the same time. The worst 
combination of external and internal pressures shall be considered for every combination of possible 
openings and other leakage paths. 

(2) The internal pressure coefficient, Cpi, depends on the size and distribution of the openings in the 
building envelope. When in at least two sides of the buildings (facades or roof) the total area of 
openings in each side is more than 30 % of the area of that side, the actions on the structure should 
not be calculated from the rules given in this section but the rules of 7.3 and 7.4 should instead be 
used. 

NOTE The openings of a building include small openings such as: open windows, ventilators, chimneys, 
etc. as well as background permeability such as air leakage around doors, windows, services and through 
the building envelope. The background permeability is typically in the range 0,01 % to 0, 1 % of the face 
area. Additional information may be given in a National Annex. 
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(3) Where an external opening, such as a door or a window, would be dominant when open but is 
considered to be closed in the ultimate limit state, during severe windstorms, the condition with the 
door or window open should be considered as an accidental design situation in accordance with EN 
1990. 

NOTE Checking of the accidental design situation is important for tall internal walls (with high risk of 
hazard) when the wall has to carry the full external wind action because of openings in the building 
envelope. 

(4) A face of a building should be regarded as dominant when the area of openings at that face is at 
least twice the area of openings and leakages in the remaining faces of the building considered. 

NOTE This can also be applied to individual internal volumes within the building. 

(5) For a building with a dominant face the internal pressure should be taken as a fraction of the 
external pressure at the openings of the dominant face. The values given by Expressions (7.1) 
and (7.2) should be used. 

When the area of the openings at the dominant face is twice the area of the openings in the remaining 
faces, 

Cpi = 0,75· 
(7.1 ) 

When the area of the openings at the dominant face is at least 3 times the area of the openings in the 
remaining faces, 

(7.2) 

where cpe is the value for the external pressure coefficient at the openings in the dominant face. When 
these openings are located in zones with different values of external pressures an area weighted 
average value of cpe should be used. 

When the area of the openings at the dominant face is between 2 and 3 times the area of the 
openings in the remaining faces linear interpolation for calculating Cpi may be used. 

(6) For buildings without a dominant face, the internal pressure coefficient Cpi should be determined 
from Figure 7.13, and is a function of the ratio of the height and the depth of the building, hId, and the 
opening ratio jJ for each wind direction e, which should be determined from Expression (7.3). 
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NOTE For values between hid = 0,25 and hid = 1,0 linear interpolation may be used. 

Figure 7.13 - Internal pressure coef'ficients for uniformly distributed openings 



area of openings where is negative or - 0,0 
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area of all openings 
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(7.3) 

NOTE 1 This applies to fac;ades and roof of buildings with and without internal partitions. 

NOTE 2 Where it is not possible, or not considered justified, to estimate f.L for a particular case then Cpi 
should be taken as the more onerous of +0,2 and -0,3. 

(7) The reference height Zj for the internal pressures should be equal to the reference height Ze for the 
external pressures (see 5.1 (1 )P) on the faces which contribute by their openings to the creation of the 
internal pressure. If there are several openings the largest value of Ze should be used to determine Zi 

(8) The internal pressure coefficient of open silos and chimneys should be based on Expression (7.4): 

Cpi = -0,60 
(7.4 ) 

The internal pressure coefficient of vented tanks with small openings should be based on 
Expression (7.5): 

Cpi = -0,40 
(7.5) 

The reference height Zi is equal to the height of the structure. 

7.2.10 Pressure on walls or roofs with more than one skin 

(1) The wind force is to be calculated separately on each skin. 

(2) The permeability f.L of a skin is defined as the ratio of the total area of the opening to the total area 
of the skin. A skin is defined as impermeable if the value f.L is less than 0,1%. 

(3) If only one skin is permeable, then the wind force on the impermeable skin should be determined 
from the difference between the internal and the external wind pressure as described in 5.2 (3). If 
more than one skin is permeable then the wind force on each skin depends on: 

The relative rigidity of the skins, 

The external and internal pressures, 

The distance between the skins, 

The permeability of the skins, 

The openings at the extremities of the layer between the skins. 

NOTE 1 The National Annex may give values for the wind effects on external walls and roofs with more 
than one skin. As a first approximation it is recommended that the wind pressure on the most rigid skin 
may be taken as the difference between the internal and the external pressures. 

NOTE 2 The National Annex may give rules for cases where the extremities of the layer between the 
skins are air tight (Figure 7.14(a)) and where the free distance between the skins is less than 100 mm (the 
thermal insulation material being included in one skin, when there is no airflow within the insulation). As a 
first approximation the following recommended rules may be applied: 

For walls and roofs with an impermeable inside skin and a permeable outside skin with approximately 
uniformly distributed openings, the wind force on the outside skin may be calculated from 
cp,net = 2/3 . Cpe for overpressure and Cp,net 1/3' Cpe for underpressure. The windforce on the inside 
skin may be calculated from Cp,net = cpe - Cpi. 
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For walls and roofs with an impermeable inside skin and an impermeable more rigid, outside skin, the 
wind force on the outside skin may be calculated from Cp,net = c pe - Cpi. 

For walls and roofs with a permeable inside skin with approximately uniformly distributed openings 
and an impermeable outside skin, the wind force on the outside skin may be calculated from 
Cp,net = Cpe- Cpi, and the wind force on the inside skin from cp,net = 1/3 . Cpi. 

For walls and roofs with an impermeable outside skin and an impermeable, more rigid inside skin, the 
wind force on the outside skin may be calculated from cp,ne! c pe and the wind force on the inside skin 
from cp,net = cpe- Cpi. 

If entries of air put the layer of air into communication with faces of the building other than the face on 
which the wall is situated (Figure 7.14(b», these rules are not applicable. 

(a) layer between the skins closed 

(b) extrerrlities of the layer between the skins open 

Figure 7.14 - Corner details for external walls with more than one skin. 

7.3 Canopy roofs 

(1) A canopy roof is defined as the roof of a structure that does not have permanent walls, such as 
petrol stations, dutch barns, etc. 

(2) The degree of blockage under a canopy roof is shown in Figure 7.15. It depends on the 
blockage lp, which is the ratio of the area of feasible, actual obstructions under the canopy divided by 
the cross sectional area under the canopy, both areas being normal to the wind direction. 

NOTE: ([J 0 represents an empty canopy, and ([J 1 represents the canopy fully blocked with contents to 
the down wind eaves only (this is not a closed building). 

(3) The overall force coefficients, Cf, and net pressure coefficients Cp,neb given in Tables 7.6 to 7.8 for 
lp = 0 and lp = 1 take account of the combined effect of wind acting on both the upper and lower 
surfaces of the canopies for all wind directions. Intermediate values may be found by linear 
interpolation. 

(4) Downwind of the position of maximum blockage, Cp,net values for lp = 0 should be used. 
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(5) The overall force coefficient represents the resulting force. The net pressure coefficient represents 
the maximum local pressure for all wind directions. It should be used in the design of roofing elements 
and fixings. 

(6) Each canopy must be able to support the load cases as defined below: 

15) for a monopitch canopy (Table 7.6) the location of the centre of pressure should be defined as a 

distance from the windward edge. 

NOTE The location may be given in the National Annex. The recommended location is in Figure 7.16. ~ 

for a duopitch canopy (Table 7.7) the center of pressure should be taken at the center of each 
slope (Figure 7.17). In addition, a duopitch canopy should be able to support one pitch with the 
maximum or minimum load, the other pitch being unloaded. 

for a multibay duopitch canopy each load on a bay may be calculated by applying the reduction 
factors Ijfmc given in Table 7.8 to the Cp,net values given in Table 7.7. 

For canopies with double skins, the impermeable skin and its fixings should be calculated with 
and the permeable skin and its fixings with 1/3 Cp,net. 

(7) Friction forces should be considered (see 7.5). 

(8) The reference height Ze should be taken as h as shown in Figures 7.16 and 7.17. 

7777777777777777777777777777777 

Empty, free-standing canopy (<p = 0) 

Canopy blocked to the downwind eaves by 
stored goods (<p = 1) 

Figure 7 .15 - Airflow over canopy roofs 
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Table 7.6 - Cp,net and Cf values for monopitch canopies 

Net Pressure coefficients Cp,net 

Key plan 

B 

Ilk C A C ,.. 

B 

L dl10 dl10 J 
d 

Roof 
Overall Force 

Blockage rp Coefficients Zone A Zone B 
angle a 

Cf 

Maximum all qJ + 0,2 + 0,5 + 1,8 

00 Minimum qJ = 0 - 0,5 - 0,6 - 1,3 

Minimum qJ = 1 - 1,3 - 1,5 - 1,8 

Maximum all qJ +0,4 + 0,8 + 2,1 

50 Minimum qJ = 0 - 0,7 - 1,1 - 1,7 

Minimum qJ = 1 - 1,4 - 1,6 - 2,2 

Maximum all qJ + 0,5 + 1,2 +2,4 

100 Minimum qJ = 0 - 0,9 - 1,5 - 2,0 

Minimum qJ = 1 - 1,4 ~-1,6 @2] - 2,6 

Maximum all qJ + 0,7 + 1,4 + 2,7 

150 Minimum qJ = 0 - 1,1 - 1,8 -2,4 

Minimum qJ = 1 - 1,4 - 1,6 - 2,9 

Maximum all qJ + 0,8 + 1,7 + 2,9 

200 Minimum qJ = 0 - 1,3 - 2,2 - 2,8 

Minimum qJ = 1 - 1,4 - 1,6 - 2,9 

Maximum all qJ + 1,0 + 2,0 + 3,1 

250 Minimum qJ = 0 - 1,6 - 2,6 - 3,2 

Minimum qJ = 1 - 1,4 - 1,5 - 2,5 

Maximum all qJ + 1,2 + 2,2 + 3,2 

300 Minimum qJ = 0 - 1,8 - 3,0 - 3,8 

Minimum qJ = 1 - 1,4 - 1,5 - 2,2 

NOTE + values indicate a net downward acting wind action 

- values represent a net upward acting wind action 
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o 

Figure 7.16 - Location of the centre of force for monopitch canopies 
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Table 7.7 - Cp,net and Cf values for duopitch canopies 

Net pressure coefficients Cp,net 

Key plan 

B r' 
b/10 

Ie A D A e b 

b/10 

I I B U 

Roof Overall 
H ~ 

angle a Blockage rp 
Force 

d Coefficient 
[0] Cf I Zone A Zone B ZoneC 

Maximum all ([J +0,7 + 0,8 + 1,6 + 0,6 

20 Minimum ([J= ° - 0,7 - 0,9 - 1,3 - 1,6 

Minimum ([J 1 - 1,3 - 1,5 -2,4 -2,4 

Maximum all ([J + 0,5 + 0,6 + 1,5 + 0,7 

-15 Minimum ([J ° - 0,6 - 0,8 - 1,3 - 1,6 

Minimum ([J 1 - 1,4 - 1,6 - 2,7 - 2,6 

Maximum all ([J +0,4 + 0,6 + 1,4 + 0,8 

-10 Minimum ([J= ° - 0,6 - 0,8 - 1,3 - 1,5 

Minimum ([J= 1 - 1,4 - 1,6 - 2,7 - 2,6 

Maximum all ([J + 0,3 + 0,5 + 1,5 + 0,8 

5 Minimum ([J ° - 0,5 -0,7 - 1,3 - 1,6 

Minimum ([J 1 - 1,3 - 1,5 -2,4 -2,4 

Maximum all ([J + 0,3 + 0,6 + 1,8 + 1,3 

+5 Minimum ([J ° - 0,6 - 0,6 1,4 - 1,4 

Minimum ([J= 1 1,3 - 1,3 2,0 - 1,8 

Maximum all ([J +0,4 + 0,7 + 1,8 + 1,4 

10 Minimum ([J= ° -0,7 - 0,7 - 1,5 - 1,4 

Minimum ([J= 1 - 1,3 - 1,3 - 2,0 - 1,8 

Maximum all ([J +0,4 + 0,9 + 1,9 + 1,4 

15 Minimum ([J ° - 0,8 - 0,9 - 1,7 - 1,4 

Minimum ([J 1 - 1,3 - 1,3 - 2,2 - 1,6 

Maximum all ([J + 0,6 + 1,1 + 1,9 + 1,5 

+ 20 Minimum ([J= ° - 0,9 - 1,2 - 1,8 

I 

- 1,4 

i 
Minimum ([J= 1 - 1,3 - 1,4 2,2 1,6 
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Zone D 

+ 1,7 

- 0,6 

- 0,6 

+ 1,4 

- 0,6 

- 0,6 

+ 1,1 

- 0,6 

- 0,6 

+ 0,8 

- 0,6 

- 0,6 

+0,4 

- 1,1 

1,5 

+0,4 

- 1,4 

- 1,8 

+0,4 

- 1,8 

- 2,1 

+0,4 

2,0 

- 2,1 



Roof 

angle a 

[0] 

+ 25 

30 

NOTE 

Blockage rp 

Maximum all rp 

Minimum rp 0 

Minimum rp 1 

Maximum all rp 

Minimum rp ° 
Minimum rp 1 
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Table 7.7 - continue 

Net pressure coefficients cp,net 

plan 

B ~r 

bl10 

C A 0 A C b 

I b/10 

I B ~'-

rd/10 d110~ 
Overall 
Force I 

I d Coefficient 
Cf Zone A Zone B ZoneC Zone D 

+0,7 + 1,2 + 1,9 + 1,6 + 0,5 

- 1,0 1,4 1,9 - 1,4 - 2,0 

- 1,3 - 1,4 2,0 - 1,5 - 2,0 

+ 0,9 + 1,3 + 1,9 + 1,6 +0,7 

- 1,0 - 1,4 - 1,9 - 1,4 - 2,0 

- 1,3 - 1,4 - 1,8 - 1,4 - 2,0 

+ values indicate a net downward acting wind action 

values represent a net upward acting wind action 
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~ 1 "t < 0 Cf < 0 

:-11171777777771 

Cf> 0 Cf> 0 

~ 
h (\1 d Il/4:1 

--f-----t-
h Cf < 0 Cf < 0 

---------+--
1 

Cf< 0 

: 77177171171777 77///77777771111 

Figure 7.17 - Arrangements of loads obtained from force coefficients for duopitch canopies 

(9) Loads on each slope of multibay canopies, as shown in Figure 7.18, are determined by applying 
the reduction factors If/mc given in Table 7.8 to the overall force, and net pressure coefficients for 
isolated duo-pitch canopies. 

Table 7.8 - Reduction factors 'f/mc for multibay canopies 

'f/mc factors for all fJJ 

on maximum on minimum (upward) Bay Location (downward) 

force and 
force and pressure 

pressure 
coefficients 

coefficients 

1 End bay 1,0 0,8 

2 second bay 0,9 0,7 

3 third and subsequent bays • 0,7 0,7 
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1 2 3 3 3 2 1 h 

777777777777777777777777777777777777777 

Figure 7.18 - Multibay canopies 

7.4 Free-standing walls, parapets, fences and signboards 

(1) The values of the resulting pressure coefficients Cp,net for free-standing walls and parapets depend 
on the solidity ratio cp. For solid walls the solidity <p should be taken as 1, and for walls which are 80 % 
solid (i.e. have 20 % openings) cp = 0,8. Porous walls and fences with a solidity ratio cp 0,8 should be 
treated as plane lattices in accordance with 7.11. 

NOTE For parapets and noise barriers of bridges see Section 8. 

7.4.1 Free-standing walls and parapets 

(1) For free-standing walls and parapets resulting pressure coefficients Cp,net should be specified for 
the zones A, B, C and 0 as shown in Figure 7.19. 

NOTE Values of the resulting pressure coefficients Cpnet for free-standing walls and parapets may be 
given in the National Annex. Recommended values are given in Table 7.9 for two different solidity ratio, 
see 7.4 (1). These recommended values correspond to a direction of oblique wind compared to the wall 
without return corner (see Figure 7.19) and, in the case of the wall with return corner, to the two opposite 
directions indicated in Figure 7.19. The reference area in both cases is the gross area. Linear interpolation 
may be used for solidity ratio between 0,8 and 1. 

Table 7.9 - Recommended pressure coefficients cp,net for free-standing walls and parapets 

Solidity Zone A B C 0 

e/h 3 2,3 1,4 1,2 1,2 
Without 
return fiJh = 5 2,9 1,8 1,4 1,2 

({J=1 corners 
.e/h210 3,4 2,1 1,7 1,2 

with return corners 
2,1 1,8 1,4 1,2 

of length 2 h a 

({J= 0,8 1,2 1,2 1,2 1,2 

a Linear interpolation may be used for return corner lengths between 0,0 and h 

(2) The reference height for free standing walls should be taken as ze h, see Figure 7.19. The 
reference height for parapets in buildings should be taken as ze = (h + hp), see Figure 7.6. 
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for f > 4 h 

ro 0,3 h 

for £ ::; 4 h 

ror 0,3 h 

/'\---- C -----I 

for £:s; 2 h 

ror 0,3 h r 2 h 

Without return corner 

h 

j 

With return corner 

Figure 7.19 - Key to zones of free-standing walls and parapets 
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7.4.2 Shelter factors for walls and fences 

(1) If there are other walls or fences upwind that are equal in height or taller than the wall or fence of 
height, h, under consideration, then an additional shelter factor can be used with the net pressure 
coefficients for walls and lattice fences. The value of the shelter factor If's depends on the spacing 
between the walls or fences x, and the solidity rp, of the upwind (sheltering) wall or fence. Values of If's 

are given in Figure 7.20. 

The resulting net pressure coefficient on the sheltered wall, Cp,net,s, is given by Expression (7.6): 

C p,net,s = If's . (7.6) 

(2) The shelter factor should not be applied in the end zones within a distance of h measured from the 
free end of the wall. 

0,8 -~~-------'--------!-----.............. -...... ------.,,'--r----'---:------------....., 

;;; 
I.. 0,6 +----------... --... --------.--.-----.----------- ---- -- ---
o 
1:) 
.! 
II.. 

! 1!i 0,4 +-----------:--~~.---.. -;,.._..!::...........-------=F=====----~ 
J: 
en 

0,2 +---------i---------.... ------,------------------+------...... -----

o 
o 5 10 

Spacing xlh 
15 20 

Figure 7.20 Shelter factor 'f/s for walls and fences for qrvalues between 0,8 and 1,0 

7.4.3 Signboards 

(1) For signboards separated from the ground by a height Zg greater than hl4 (see Figure 7.21), the 
force coefficients are given by Expression (7.7): 

C f = 1,80 (7.7) 

Expression (7.7) is also applicable where Zg is less than hl4 and blh ::::; 1. 

(2) The resultant force normal to the signboard should be taken to act at the height of the centre of the 
signboard with a horizontal eccentricity e. 

NOTE The value of the horizontal eccentricity e may be given in the National Annex. The recommended 
value is 

e = ± 0,25b 

(3) Signboards separated from the ground by a height Zg less than hl4 and with blh > 1 should be 
treated as boundary walls, see 7.4.1. 

(7.8) 
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b 
I~ 

I 

"'"'1'- . -, -t, _. -! -, - t-
~ 

e , e I 

Ze 

///////// /////////// 

NOTE 1 reference height: Ze = Zg + hl2 

NOTE2 reference area: Aref = b . h 

b 

I 

"I or i·+·t 
++-+ 
e e 

h 

Zg Ze 

////// /// /// /// 

Figure 7.21 - Key for signboards 

Divergence or stall flutter instabilities should be checked. 

7.5 Friction coefficients 

(1) Friction should be considered for the cases defined in 5.3 (3). 

"I 

h 

r 
/////// 

(2) The friction coefficients Cfr, for walls and roof surfaces given in Table 7.10, should be used 

(3) The reference area Afr is given in Figure 7.22. Friction forces should be applied on the part of the 
external surfaces parallel to the wind, located beyond a distance from the upwind eaves or corners, 
equal to the smallest value of 2,b or 4·h. 

(4) The reference height zeshould be taken equal to the structure height above ground or building 

height h, see Figure 7.22 

Table 7.10 - Frictional coefficients Cfr for walls, parapets and roof surfaces 

Surface Friction coefficient Cfr 

Smooth 
0,01 

(i.e. steel, smooth concrete) 

Rough 

(i.e. rough concrete, tar-boards) 
0,02 

very rough 

(i.e. ripples, ribs, folds) 
0,04 
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Figure 7.22 - Reference area for friction 

7.6 Structural elements with rectangular sections 

(1) The force coefficient Cf of structural elements of rectangular section with the wind blowing normally 
to a face should be determined by Expression (7.9): 

(7.9) 

where: 

Cf,Q is the force coefficient of rectangular sections with sharp corners and without free-end flow as 
given by Figure 7.23. 

If/r is the reduction factor for square sections with rounded corners. If/r depends on 
Reynolds number, see Note 1. 

If/f. is the end-effect factor for elements with free-end flow as defined in 7.13. 
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Figure 7.23 - Force coefficients Cf,O of rectangular sections with sharp corners and without 
free end flow 

NOTE 1 The values of IJIr may be given in the National Annex. Recommended approximate upper 
bound values of IJIr are given in Figure 7.24. Figure 7.24 are obtained under low-turbulent conditions. 
These coefficients are assumed to be safe. 

NOTE 2 Figure 7.24 may also be used for buildings with hid> 5.0 

1'O~~ 

0,5 "'1----+----1 

O+-----~----~-----+------~-+ rib 
o 0,1 0,2 0,3 0,4 

Figure 7.24 - Reduction factor VIr for a square cross-section with rounded corners 

(2) The reference area Aref should be determined by Expression (7.10) 

(7.10) 

where: 

f! is the length of the structural element being considered. 
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The reference height Ze is equal to the maximum height above ground of the section being considered. 

(3) For plate-like sections (d/b < 0,2) lift forces at certain wind angles of attack may give rise to higher 
values of Cf up to an increase of 25 %. 

7.7 Structural elements with sharp edged section 

(1) The force coefficient Cf of structural elements with sharp edged section (e.g. elements with cross
sections such as those shown in Figure 7.25) should be determined using Expression (7.11). 

(7.11 ) 

'11'" is the end-effect factor (see 7.13) 

L 
b x 

Figure 7.25 - Sharp edged structural sections 

NOTE 1 The National Annex may specify Gf,Q. For all elements without free-end flow the recommended 
value is 2,0. This value is based on measurements under low-turbulent conditions. It is assumed to be a 
safe value. 

NOTE 2 Expression (7.11) and Figure 7.25 may also be used for buildings with hId> 5,0 

(2) The reference areas (see Figure 7.25), should be taken as follows: 

where: 

in x direction: 

in y direction: 

Aref,x e· b 

Aref,y = t· d 

e is the length of the structural element being considered. 

(7.12) 

(3) In all cases the reference height Ze should be taken as equal to the maximum height above ground 
of the section being considered. 

7.8 Structural elements with regular polygonal section 

(1) The force coefficient Cf of structural elements with regular polygonal section with 5 or more sides 
should be determined using Expression (7.13). 

(7.13) 

where: 

If/Je is the end-effect factor as defined in 7.13. 

Cf,Q is the force coefficient of structural elements without free-end flow. 

67 



BS EN 1991-1-4:2005+A 1 :2010 
EN 1991-1-4:2005+A 1 :2010 (E) 

68 

NOTE The values of Cf,O may be given in the National Annex. Recommended conservative values based 
on measurements under low-turbulent conditions are given in Table 7.11. 

Table 7.11 - Force coefficient Cf,O for regular polygonal sections 

Number I Finish of surface 
Reynolds number Re(a) I Cf,O Sections 

of sides and of corners 
! 

5 Pentagon all All 1,80 

6 Hexagon all All 1,60 

surface smooth (b) Re:::; 2,4.105 1,45 

rib < 0,075 Re"C. 3.105 1,30 
8 Octagon 

2.105 
surface smooth (b) Re 1,30 

rib 20,075 Re 27.105 1,10 

10 i Decagon all All 1,30 

surface smooth (e) 
2 . 105 < Re < 1 ,2.106 0,90 

corners rou nded 

12 Dodecagon 
Re < 4.105 1,30 

all others 
Re> 4.105 1,10 

Hexdecagon Re < 2.105 treat as a circular 
surface smooth (e) 

16-18 to 
corners rounded 

cylinder, see (7.9) 

Octadecagon 2.105 S Re < 1,2.106 0,70 

(aj Reynolds number with v Vm and Vm given in 4.3, Re, is defined in 7.9 

(b) r corner radius, b = diameter of circumscribed Circumference, see Figure 7.26 

(el From wind tunnel tests on sectional models with galvanised steel surface and a section with b = 
0,3 m and corner radius of 0,06 ·b 

(2) For buildings where hId> 5, cf may be determined from Expression (7.13). 

NOTE See also Table 7.11 and Figure 7.26. @lI 

Figure 7.26 - Regular polygonal section 
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(3) The reference area is should be obtained from Expression (7.14). 

Aref =t· b (7.14 ) 

where: 

e is the length of the structural element being considered. 

b is the diameter of circumscribed circumference, see Figure 7.26. 

(4) The reference height Ze is equal to the maximum height above ground of the section being 
considered. 

7.9 Circular cylinders 

7.9.1 External pressure coefficients 

(1) Pressure coefficients of sections depend upon the Reynolds numbers Re defined by 
Expression (7.15). 

(7.15) 

where: 

b is the diameter 

v is the kinematic viscosity of the air (v 15'10-6 m2/s) 

V(Ze) is the peak wind velocity defined in Note 2 of Figure 7.27at height Ze 

(2) The external pressure coefficients cpe of circular cylinders should be determined from 
Expression (7.16). 

= cp,o 'lj/ 1lo (7.16) 

where: 

Cp,o is the external pressure coefficient without free-end flow (see (3)) 

'f/'w is the end-effect factor (see (4)) 

(3) The external pressure coefficient cp,o is given in Figure 7.27 for various Reynolds numbers as a 
function of angle a. 

(4) The end-effect factor 'f/Aa is given by Expression (7.17). 

(7.17) 

where: 

aA is the position of the flow separation (see Figure 7.27) 
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If),. is the end-effect factor (see 7.13) 

C pe = If/}..a • Cpo -1 t----+---'1~--t_++t 
a A 

C pe = VI" . CpQ,h 

NOTE 1 Intermediate values may be interpolated linearly 

180 0 a 

NOTE 2 Typical values in the above Figure are shown in Table 7.12. Figure and Table are based on 

the Reynolds number with v ~ ~2 ~qp and qp given in 4.5 

NOTE 3 The above Figure is based on an equivalent roughness k/b less than 5.10.4
. Typical values of 

roughness height k are given in Table 7.13. 

Figure 7.27 -Pressure distribution for circular cylinders for different Reynolds number ranges 
and without end-effects 
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Table 7.12 - Typical values for the pressure distribution for circular cylinders for different 
Reynolds number ranges and without end-effects 

Re lXmin CpO,min aA CpO,h 

5'10b 85 -2,2 135 -0,4 

2'10b 80 -1,9 120 -0,7 

10f 75 -1,5 105 -0,8 

where: 

amin is the position of the minimum pressure in [0] 

CpO,min is the value of the minimum pressure coefficient 

aA is the position of the flow separation in [0] 

CpO,h is the base pressure coefficient 

(5) The reference area A ref should be determined from Expression (7.18): 

Aref = £·b (7.18) 

(6) The reference height Ze is equal to the maximum height above ground of the section being 
considered. 

7.9.2 Force coefficients 

(1) The force coefficient Cf for a finite circular cylinder should be determined from Expression (7.19). 

(7.19) 

where: 

Cf,O is the force coefficient of cylinders without free-end flow (see Figure 7.28) 

/fI, is the end-effect factor (see 7.13) 
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Figure 7.28 Force coefficient Cf,O for circular cylinders without free-end flow and for different 
equivalent roughness klb 

NOTE 1 Figure 7,28 may also be used for building with hId> 5.0 

NOTE 2 Figure 7.28 is based on the Reynolds number with v ~ J 2 ;P and qp given in 4.5 

~ (2) Values of equivalent surface roughness k for new surfaces are given in Table 7.13. 

NOTE For aged surfaces the values of the equivalent surface roughness k may be given in the National 
Annex. <51 

(3) For stranded cables Cf,O is equal to 1,2 for all values of the Reynolds number Re. 
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Type of surface 

glass 

polished metal 

fine paint 

spray paint 

bright steel 

cast iron 

galvanised steel 
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Table 7.13 - Equivalent surface roughness k 

Equivalent 
Type of surface 

Equivalent 

roughness k roughness k 

mm mm 

0,0015 smooth concrete 0,2 

0,002 planed wood 0,5 

0,006 rough concrete 1,0 

0,02 rough sawn wood 2,0 

0,05 rust 2,0 

0,2 brickwork 3,0 

0,2 

(4) The reference area Aref should be obtained by Expression (7.20). 

Aref e·b (7.20) 

where: 

e is the length of the structural element being considered. 

(5) The reference height Ze is equal to the maximum height above ground of the section being 
considered. 

(6) For cylinders near a plane surface with a distance ratio zg/b < 1,5 (see Figure 7.29) special advice 
is necessary. 

Figure 7.29 - Cylinder near a plane surface 
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7.9.3 Force coefficients for vertical cylinders in a row arrangement 

For vertical circular cylinders in a row arrangement, the force coefficient Cf,Q depends on the wind 
direction related to the row axis and the ratio of distance a and the diameter b as defined in 
Table 7.14. The force coefficient, Cf, for each cylinder may be obtained by Expression (7.21 ): 

where: 

Cf,Q is the force coefficient of cylinders without free-end flow, (see 7.9.2) 

'II;., is the end-effect factor (see 7.13) 

K is the factor given in Table 7.14 (for the most unfavourable wind direction) 

Table 7.14 Factor 1Cfor vertical cylinders in a row arrangement 

alb 

~ 2,5 < alb < 3,5~ 

3,5 < alb < 30 

alb> 30 

a: distance 

b: diameter 

1,15 ( \ 

210- a 1"-~ 
K= b b 180 

1,00 

a a 

( \ ( \ 
-

~ l-/ I~ ../ 

b 

b 

~ NOTE For alb < 2,5 the values of K may be given in the National Annex ~ 

7.10 Spheres 

(7.21 ) 

(1) The alongwind force coefficient Cf,x of spheres should be determined as a function of the Reynolds 
number Re (see 7.9.1) and the equivalent roughness klb (see Table 7.13). 
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NOTE 1 The values of Cf,x may be given in the National Annex. Recommended values based on 
measurements in low turbulent flow are given in Figure 7.30. Figure 7.30 is based on the Reynolds 

. r-q;: d . '4 number With v VP an qp given In .5 

NOTE 2 The values in Figure 7.30 are limited to values Zg> b/2, where Z9 is the distance of the sphere 
from a plain surface, b is the diameter Figure 7.31). For Zg < b/2 the force coefficient Cf,x is be 
multiplied by the factor 1,6. 
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Figure 7.30 - Alongwind force coefficient of a sphere 

2 3 
Re 

(2) The vertical force coefficient Cf,z of spheres is given by Expression (7.22). 

Cf,z = ° for 
b 

z >-
9 2 

b 
cf,z = +0,60 for < 

2 

(3) In both cases the reference area Aref should be obtained by Expression (7.23). 

(4) The reference height should be taken as: 

Figure 7.31 - Sphere near a plain surface 

klb 

(7.22) 

(7.23) 

(7.24 ) 
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7.11 Lattice structures and scaffoldings 

(1) The force coefficient, Gf, of lattice structures and scaffoldings with parallel chords should be 
obtained by Expression (7.25). 

(7.25) 

where: 

Gf,Q is the force coefficient of lattice structures and scaffoldings without end-effects. It is given by 
Figures 7.33 to 7.35 as a function of solidity ratio rp (7.11 (2)) and Reynolds number Re. 

Re is the Reynolds number using the average member diameter b j , see Note 1 

/f)e is the end-effect factor (see 7.13) as a function of the slenderness of the structure, A, 

calculated withe and width b = d, see Figure 7.32. 

NOTE 1 ~ Figure 7.35 is based @lI on the Reynolds number with v ~ ~2 ;p and qp given in 4.5. 

~ NOTE 2 The National Annex may give a reduction factor for scaffolding without air tightness devices and 
affected by solid building obstruction. A recommended value is given in EN 12811. @.il 
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Figure 7.32 - Lattice structure or scaffolding 
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Figure 7.33 - Force coefficient Cf,Q for a plane lattice structure with 
angle members as a function of solidity ratio rp 
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Figure 7.34 -Force coefficient Cf,O for a spatial lattice structure with 
angle members as a function of solidity ratio (jJ 
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Figure 7.35 - Force coefficient Cf,O for plane and spatial lattice structure with 
members of circular cross-section 
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(2) The solidity ratio, qJ, is defined by Expression (7.26). 

A 

where: 

(7.26) 

A is the sum of the projected area of the members and gusset plates of the face projected 

normal to the face: A = Ibj€j + IAgk 
j k 

Ac is the the area enclosed by the boundaries of the face projected normal to the face = d e 

is the length of the lattice 

d is the width of the lattice 

bj,f j is the width and length of the individual member i (see Figure 7.32), projected normal to the 

face 

Agk is the area of the gusset plate k 

(3) The reference area Aref should be determined by Expression (7.27) 

(7.27) 

(4) The reference height Ze is equal to the maximum height of the element above ground. 

7.12 Flags 

(1) Force coefficients cfand reference areas Aredorflags are given in Table 7.15. 

(2) The reference height Ze is equal to the height of the flag above ground. 
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Table 7.15 - Force coefficients Cf for flags 

Flags 

Fixed Flags 

h 
h·f 

Force normal to the plane 

Free Flags 

a) h· 

b) 0,5· h· f 

Force in the plane 

where: 

my is the mass per unit area of the flag 
~ p is the air density (see 4.5 (1) NOTE 2) 
Ze is the height of the flag above ground 

1,8 

o 02 + 0 7 . . Aref ' 
( )

-125 

, , p.h h 2 

NOTE The equation for free flags includes dynamic forces from the flag flutter effect 
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7.13 Effective slenderness .It and end·effect factor 'fix 

(1) Where relevant, the end-effect factor If/Ie should be determined as a function of slenderness ratio ;t 

NOTE The force coefficients, Cf,Q, given in 7.6 to 7.12 are based on measurements on structures without 
free-end flow away from the ground. The end-effect factor takes into account the reduced resistance of the 
structure due to the wind flow around the end (end-effect). Figure 7.36 and Table 7.16 are based on 
measurements in low turbulent flow. Values, taking the effect of turbulence into account may be specified 
in the National Annex. 

(2) The effective slenderness A should be defined depending on the dimensions of the structure and 
its position. 
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NOTE The National Annex may give values for )" and 'fit> . Recommended values for J are given in 
Table 7.16 and indicative values for 'file are given in Figure 7.36 for different solidity ratio cp. 

Table 7.16 - Recommended values of A for cylinders, polygonal sections, rectangular sections, 
sharp edged structural sections and lattice structures 

Position of the structure, 
No. 

wind normal to the plane of the page 

Zg';i! b 
~~~~~~~~~~~~~~~ 

for bs.l 

2 

3 

4 

Effective slenderness A 

For polygonal, rectangular and 
sharp edged sections and lattice 
structures: 

for e :;;: 50 m, J =1,4 fib or)" 70, 

whichever is smaller 

:s: 1,5b for <15 m, ),,=2 Clb or ;t= 70, 

whichever is smaller 

For circular cylinders: 

for e :;;: 50, J=O,7 elb or J=70, 

whichever is smaller 

for e <15 m, It, =tlb or A =70, 

whichever is smaller 

For intermediate values of e, linear 

interpolation should be used 

for e :;;: 50 m,)" =0,7 fIb or A = 70, 

whichever is larger 

for e <15 m,)" =elb or J = 70, 

whichever is larger 

For intermediate values of e, linear 

interpolation should be used 
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Figure 7.36 - Indicative values of the end-effect factor '1/').. as a function of solidity ratio rp versus 
slenderness A 

(3) The solidity ratio (jl (see Figure 7.37) is given by Expression (7.28). 

A 
(7.28) 

where: 

A is the sum of the projected areas of the members 

Ac is the overall envelope area Ac =e . b 

A =tb c 

Figure 7.37 - Definition of solidity ratio rp 
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Section 8 Wind actions on bridges 

8.1 General 

(1) This section only applies to bridges of constant depth and with cross-sections as shown in 
Figure 8.1 consisting of a single deck with one or more spans. 
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NOTE 1 Wind actions for other types of bridges (e.g. arch bridges, bridges with suspension cables or 
cable stayed, roofed bridges, moving bridges and bridges with multiple or significantly curved decks) may 
be defined in the National Annex. 

NOTE 2 The angle of the wind direction to the deck axis in the vertical and horisontal planes may be 
defined in the National Annex. 
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Open or closed 

+-Truss or plate 

Figure 8.1 - Cross-sections of normal construction decks 

(2) Wind forces exerted on decks are dealt with in 8.2 and 8.3. Those exerted on piers are dealt with 
in 8.4. Tile forces exerted on various parts of a bridge due to wind blowing in the same direction 
should be considered as simultaneous if they are unfavourable. 

(3) Wind actions on bridges produce forces in the x, y and z directions as shown in Figure 8.2, 
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where: 

x-direction is the direction parallel to the deck width, perpendicular to the span 

y-direction is the direction along the span 

z-direction is the direction perpendicular to the deck 

The forces produced in the x- and y-directions are due to wind blowing in different directions and 
normally are not simultaneous. The forces produced in the z-direction can result from the wind blowing 
in a wide range of directions; if they are unfavourable and significant, they should be taken into 
account as simultaneous with the forces produced in any other direction. 

E§) NOTE The notation used for bridges differs from that in 1.7. The following notations (see Figure B.2) 
are used for bridges: 

L length in y-direction 

b width in x-direction 

d depth in z-direction 

The values to be given to L, band d in various cases are, where relevant, more precisely defined in 
various clauses. When Sections 5 to 7 are referred to, the notations for band d need to be 
readjusted. 

Wi 

¢ 

k: 
Figure 8.2 - Directions of wind actions on bridges 

(4) Where road traffic is considered to be simultaneous with the wind (see A2.2.1 and A2.2.2 in Annex 
A2 to EN 1990) the combination value lj/oFwk of the wind action on the bridge and on the vehicles 

should be limited to a value F~ determined by substituting a value v~,o for the fundamental value of 

the basic velocity Vb,O. 

NOTE The National Annex may give a value for V~.o . The recommended value is 23 m/s. 

(5) Where railway traffic is considered to be simultaneous with the wind (see A2.2.1 and A2.2.4 in 
Annex A2 to EN 1990) the combination value lfoFwk of the wind action on the bridge and on the trains 

should be limited to a value F;; determined by substituting a value v~~o for the fundamental value of 

the basic velocity Vb,O. 
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NOTE The value of v~~o may be defined in the National Annex. The recommended value of V~~o is 25 

m/s. 

8.2 Choice of the response calculation procedure 

(1) It should be assessed whether a dynamic response procedure is needed for bridges. 

NOTE 1 The National Annex may give criteria and procedures. 

NOTE 2 If a dynamic response procedure is not needed, CsCd may be taken equal to 1,0. 

NOTE 3 For normal road and railway bridge decks of less than 40 m span a dynamic response procedure 
is generally not needed. For the purpose of this categorization, normal bridges may be considered to 
include bridges constructed in steel, concrete, aluminium or timber, including composite construction, and 
whose shape of cross sections is generally covered by Figure 8.1. 

8.3 Force coefficients 

(1) Force coefficients for parapets and gantries on bridges should be determined were relevant. 

NOTE The National Annex may give force coefficients for parapets and gantries on bridges. It is 
recommended to use 7.4. 

8.3.1 Force coefficients in x-direction (general method) 

(1) Force coefficients for wind actions on bridge decks in the x-direction are given by : 

(8.1 ) 

where: 

Cfx,O is the force coefficient without free-end flow (see 7.13). 

NOTE 1 A bridge has usually no free-end flow because the flow is deviated only along two sides (over 
and under the bridge deck). 

NOTE 2 
Figure 8.3 
shown~ . 

For normal bridges Cfx,O may be taken equal to 1,3. Alternatively, Cfx,O may be taken from 
,where some typical cases for determining (as defined in 8.3.1(4» and dlol are 
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Cfx,O 

2,4 

2,0 

1,8 
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1,3 
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0 

a) 

b) 
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dT 
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II 

I I 
i-b 

~ 

III 

!ettOl !ettO! 

~ _______ ................. a) Construction phase, open parapets (more than 50% at- .J 
I 
I ______ J._ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I and open safety barriers 

~-"""", __ """"""""""",,",,",!I b) Solid parapets, noise barrier, solid safety barriers or traffic 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

o 1 2 3 4 5 6 7 8 9 10 11 12 bl dtot 

Figure 8.3 - Force coefficient for bridges, Cfx,O 

NOTE 3 Where the angle of inclination of the wind exceeds 10°, the drag coefficient may be derived from 
special studies. This angle of inclination may be due to the slope of the terrain in the on-coming wind 
direction. 

NOTE 4 Where two generally similar decks are at the same level and separated transversely by a 
gap not significantly exceeding 1 m @.il , the wind force on the windward structure may be calculated as 
if it were a single structure. In other cases special consideration may have to be given to wind-structure 
interaction. 

(2) Where the windward face is inclined to the vertical (see Figure 8.4), the drag coefficient Cfx,Q may 
be reduced by 0,5 % per degree of inclination, a1 from the vertical, limited to a maximum reduction of 
30 %. 
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NOTE This reduction is not applicable to Fw, defined in 8.3.2, unless otherwise specified in the National 
Annex. 



BS EN 1991-1-4:2005+A1 :2010 
EN 1991-1-4:2005+A 1 :2010 (E) 

~ (3) Where a bridge deck is sloped transversely, Cfx,Q should be increased by 3% per degree of 
inclination, but not more than 25 %. 

(4) Reference areas Aref,x for load combinations without traffic load should be based on the relevant 
value of dlol as defined in Rgure 8.5 and Table 8.1: 

(a) for decks with plain (web) beams, the sum of ~ Text deleted(§]' 

1) the face area of the front main girder 

2) the face area of those parts of the other main girders projecting under (underlooking) this first 
one 

3) the face area of the part of one cornice or footway or ballasted track projecting over the front 
main girder 

4) the face area of solid restraints or noise barriers, where relevant, over the area described 
in 3) or, in the absence of such equipment, 0,3 m for each open parapet or barrier. 

b) for decks with trussed girders, the sum of: 

1) the face area of one cornice or footway or ballasted track 

2) those solid parts of all main truss girders in normal projected elevation situated above or 
underneath the area as described in 1). 

3) the face area of solid restraints or noise barriers, if relevant, over the area described in 1) or, 
in the absence of such equipment, 0,3 m for each open parapet or barrier. 

However, the total reference area should not exceed that obtained from considering an 
equivalent plain (web) beam of the same overall depth, including all projecting parts. 

c) for decks with several main girders during construction, prior to the placement of the carriageway 
slab: the face area of two main girders. 

Open @ 

parapet I 

d 

300mm 

Open 
safety barrier 

Figure 8.5 - Depth to be used for Aref,x 

Solid parapet, 
noise barrier or 
solid safety barrier 
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~ Table 8.1 - Depth d tot to be used for Aref,x (§] 

Road restraint system on one side on both sides 

Open parapet or open safety barrier d+ 0,3 m d+ 0,6 m 

Solid parapet or solid safety barrier d+ d1 d+ 2d1 

Open parapet and open safety barrier d + 0,6 m d+ 1,2 m 

(5) Reference areas Aref,x for load combinations with traffic load are as specified in (4), with the 
following modification. Instead of the areas described above in a) 3) and 4) and b) 3), the following 
should be taken into account where they are larger: 

a) for road bridges, a height of 2 m from the level of the carriageway, on the most unfavourable 
length, independently of the location of the vertical traffic loads, 

b) for railway bridges, a height of 4 m from the top of the rails, on the total length of the bridge. 

(6) The reference height, Ze, may be taken as the distance from the lowest ground level to the centre 
of the bridge deck structure, disregarding other parts (e.g. parapets) of the reference areas. 

~ (7) Wind pressure effects from passing vehicles are outside the scope of this Part. For wind effects 
induced by passing trains see EN 1991-2. (§] 

8.3.2 Force in x-direction - Simplified Method 

(1) Where it has been assessed that a dynamic response procedure is not necessary, the wind force 
in the x-direction may be obtained using Expression (8.2): 

1 2 
_·p·v ·G·A 2 b rerx (8.2) 

where: 

Vb is the basic wind speed (see 4.2 (2)) 

G is the wind load factor. G Ce ' Cf,x, where Ce is the exposure factor given in 4.5 and Cf,x is given 
in 8.3.1(1) 

A ref, x is the reference area given in 8.3.1 

p is the density of air (see 4.5) 

NOTE C-values may be defined in the National Annex. Recommended values are given in Table 8.2. 

88 



BS EN 1991-1-4:2005+A1:2010 
EN 1991-1-4:2005+A1 :2010 (E) 

Table 8.2 - Recommended values of the force factor C for bridges 

Ze::;; 20 m Ze = 50 m 

6,7 8,3 

3,6 4,5 

This table is based on the following assumptions: 

- terrain category II according to Table 4.1 

- force coefficient Cf,x according to 8.3.1 (1) 

- co=1,0 

For intermediate values of bldtot , and of ze linear interpolation may be used 

8.3.3 Wind forces on bridge decks in z-direction 

(1) Force coefficients Cf,z should be defined for wind action on the bridge decks in the z-direction, both 
upwards and downwards (lift force coefficients). Cf,z should not be used to calculate vertical vibrations 
of the bridge deck. 

NOTE 1 The National Annex may give values for Cf,z, In the absence of wind tunnel tests the 
recommended value may be taken equal to ±0,9. This value takes globally into account the influence of a 
possible transverse slope of the deck, of the slope of terrain and of fluctuations of the angle of the wind 
direction with the deck due to turbulence. 

As an alternative Cf,z may be taken from Figure 8.6. In using it: 

the depth dtot may be limited to the depth of the deck structure, disregarding the traffic and any bridge 
equipment 

for flat, horizontal terrain the angle a of the wind with the horizontal may be taken as 5° due to 
turbulence. This is also valid for hilly terrain when the bridge deck is at least 30 m above ground. 

NOTE 2 This force may have significant effects only if the force is of the same order as the dead load. 
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Figure 8.6 - Force coefficient Cf,z for bridges with transversal slope and wind inclination 

(2) The reference area Aref,z is equal to the plan area (see Figure 8.2) : 

A ref.z = b· L 

(3) No end-effect factor should be taken into account. 

(4) The reference height is the same as for Cf,x (see 8.3.1 (6». 

(5) If not otherwise specified the eccentricity of the force in the x-direction may be set to e = b/4. 

8.3.4 Wind forces on bridge decks in y-direction 

(1) If necessary, the longitudinal wind forces in y-direction should be taken into account. 

NOTE The National Annex may give the values. The recommended values are: 

for plated bridges, 25 % of the wind forces in x-direction, 

for truss bridges, 50 % of the wind forces in x-direction. 
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8.4.1 Wind directions and design situations 

BS EN 1991-1-4:2005+A1 :2010 
EN 1991-1-4:2005+A 1 :2010 (E) 

(1) The wind actions on bridge decks and their supporting piers should be calculated by identifying 
the most unfavourable direction of the wind on the whole structure for the effect under consideration. 

(2) Separate calculations of wind actions should be made for transient design situations during 
construction phases when no horizontal transmission or redistribution of wind actions by the deck is 
possible. If during such phases a pier may bear cantilevering deck parts or scaffoldings, a possible 
asymmetry of wind actions on such elements should be taken into account. 

NOTE Execution transient situations are usually more critical for piers and for some types of decks 
subject to particular execution methods than the persistent ones. For characteristic values during transient 
design situations see EN 1991-1-6. For scaffoldings, see 7.11. 

8.4.2 Wind effects on piers 

(1) Wind effects on piers should be calculated by using the general format defined in this Eurocode. 
For overall loads the provisions of Clauses 7.6, 7.8 or 7.9.2 should be used. 

NOTE 1 Simplified rules may be given in the National Annex. 

NOTE 2 The National Annex may give procedures for the treatment of asymmetric 10ading.The recommended 
procedure is to completely remove the design wind load from those parts of the structure where its action 
will produce a beneficial effect (see 7.1.2 (1)). @il 
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AnnexA 
(informative) 

Terrain effects 

A.1 Illustrations of the upper roughness of each terrain category 

Terrain category 0 

Sea, coastal area exposed to the open sea 

Terrain category I 

Lakes or area with negligible vegetation and without obstacles 

Terrain category II 

Area with low vegetation such as grass and isolated obstacles 
(trees, buildings) with separations of at least 20 obstacle 
heights 

Terrain category III 

Area with regular cover of vegetation or buildings or with 
isolated obstacles with separations of maximum 20 obstacle 
heights (such as villages, suburban terrain , permanent forest) 

Terrain category IV 

Area in which at least 15 % of the surface is covered with 
buildings and their average height exceeds 15 m 
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A.2 Transition between roughness categories 0, I, II, III and IV 

(1) The transition between different roughness categories has to be considered when calculating qp 
and CsCd . 

NOTE The procedure to be used may be given in the National Annex. Two recommended procedures, 
Procedure 1 and Procedure 2, are given below. 

Procedure 1 

If the structure is situated near a change of terrain roughness at a distance: 

- less than 2 km from the smoother category 0 

- less than 1 km from the smoother categories I to III 

the smoother terrain category in the upwind direction should be used. 

Small areas (less than 10 % of the area under consideration) with deviating roughness may be 
ignored. 

Procedure 2 

a) Determine the roughness categories for the upstream terrain in the angular sectors to be 
considered. 

b) For every angular sector, determine the distance x from the building to the upstream roughness 
changes 

c) If the distance x from the building to a terrain with lower roughness length is smaller than the 
values given in Table A.1, then the lower value for the roughness length should be used for the 
angular sector considered. If this distance x is larger than the value in Table A.1, the higher value 
for the roughness length should be used. 

Small areas (less than 10 % of the area under consideration) with deviating roughness may be 
ignored. 

Where no distance x is given in Table A.1 or for heights exceeding 50 m, the smaller roughness length 
should be used. 

For intermediate values of height z, linear interpolation may be used. 

A building in a certain terrain category may be calculated in a lower terrain category if it is situated within 
the distance limits defined in Table A.1. 
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Height z I to II 

5m 0,50 km 

7m 1,00 km 

10 m 2,00 km 

15 m 5,00 km 

20 m ~ 
30m 20,00 km 

50 m 50,00 km 

Height z II to III 

5m 0,30 km 

7m 0,50 km 

10 m 1,00 km 

15 m 3,00 km 

20m 7,00 km 

30 m 10,00 km 

50 m 30,00 km 

Height z 

5m 

7m 

10 m 

15 m 

20 m 

30 m 

50 m 
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Table A.1 Distance x 

I to III 

5,00 km 

10,00 km 

20,00 km 

II to IV 

2,00 km 

3,50 km 

7,00 km 

20,00 km 

III to IV 

0,20 km 

0,35 km 

0,70 km 

2,00 km 

4,50 km 

7,00 km 

20,00 km 
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A.3 Numerical calculation of orography coefficients 

(1) At isolated hills and ridges or cliffs and escarpments different wind velocities occur dependent on 
the upstream slope (/J =H1Lu in the wind direction, where the height H and the length Lu are defined in 
Figure A. 1. 

Vm: mean wind velocity at height z above terrain 
Vmf : mean wind velocity above flat terrain 
Co = v,/vmr 

Figure A.1 - Illustration of increase of wind velocities over orography 

(2) The largest increase of the wind velocities occurs near the top of the slope and is determined from 
the orography factor Co, see Figure A.1. The slope has no significant effect on the standard deviation 
of the turbulence defined in 4.4 (1). 

NOTE The turbulence intensity will decrease with increasing wind velocity and equal value for the 
standard deviation 

(3) The orography factor, co(z)=VmIVmf accounts for the increase of mean wind speed over isolated 
hills and escarpments (not undulating and mountainous regions). It is related to the wind velocity at 
the base of the hill or escarpment. The effects of orography should be taken into account in the 
following situations: 

a) For sites on upwind slopes of hills and ridges: 

where 0,05 < (/J:::; 0,3 and Ixl:::; Lu 12 

b) For sites on downwind slopes of hills and ridges: 

where (/J < 0,3 and x < Ld I 2 

where CP? 0,3 and x < 1,6 H 

c) For sites on upwind slopes of cliffs and escarpments: 

where 0,05 < (/J:::; 0,3 and Ixl:::; Lu 12 

d) For sites on downwind slopes of cliffs and escarpments: 

where (/J < 0,3 and x < 1,5 Le 

where CP? 0,3 and x < 5 H 
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It is defined by: 

co= 1 + 2 . s . (j) 

co= 1+ 0,6 . s 

where: 

for (j) < 0,05 

for 0,05 < (j) < 0,3 

for (j) > 0,3 

(A.1 ) 

(A.2) 

(A.3) 

s is the orographic location factor, to be obtained from Figure A.2 or Figure A.3 scaled to the 
lengtll of the effective upwind slope length, Le 

(j) is the upwind slope H1Lu in the wind direction (see Figure A.2 and Figure A.3) 

Le is the effective length of the upwind slope, defined in Table A.2 

Lu is the actual length of the upwind slope in the wind direction 

Ld is the actual length of the downwind slope in the wind direction 

H is the effective height of the feature 

x is the horizontal distance of the site from the top of the crest 

z is the vertical distance from the ground level of the site 

Table A.2 Values of the effective length Le. 

Type of slope (t/J = H1Lu) 

Shallow (0,05 < (/J < 0,3) Steep ((/J > 0,3) 

Le = Lu Le = HIO,3 

NOTE The calculated graphs in Figures A.2 and A.3 exceed the area of application as defined above. 
The consideration of orographic effects beyond these boundaries is optional. 

(4) In valleys, co(z) may be set to 1,0 if no speed up due to funnelling effects is to be expected. For 

structures situated within, or for bridges spanning steep-sided valleys care should be taken to account 
for any increase of wind speed caused by funnelling. 
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Figure A.2 - Factor 5 for cliffs and escarpments 
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Figure A.3 - Factor 5 for hills and ridges 

(5) Expressions AA to A.7 and A.11 may be used to compute the value of orographic location factor, 
s. As those expressions are empirical, it is most important that values of the parameters used must be 
restricted to the stated ranges, otherwise invalid values will be generated. 
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a) upwind section for all orography (Figures A.2 and A.3): 

For the ranges 

x z 
1,5 - ::; ° and 0::; ~ ::; 2,0 

Lu Le 

take: 

where 

and 

when 

take: 

s ° 

I~ x 

s A·e\ 

A 0,1552· z -0,8575 -[:. r + 1,8133 -[ :. r 1,9115· z + 1,0124 

(12 

B = 0,3542 'l~ I 1,0577· z + 2,6456 
Le J 

b) downwind section for cliffs and escarpments (Figure A.2): 

For the ranges 

x z 
0,1 ::; - 3,5 and 0,1 - ::; 2,0 

Le Le 

take: 

where 

B = -1,0196 { I09[ :. JJ' 0,8910 { I09[ :. J]' + O,5343109[ :. J 0,1156 

and 
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C 0,8030 {IOg[ :.]J + 0,4236 {IOg[ :.]J' -0,5738 .IOg[ :. ] + 0,1606 (A. 1 0) 

For the range 

interpolate between values for 

x ° (s = A in Expression A.5) and ~ 0,1. 
Le Le 

z z 
when: - < 0,1 use the values for - = 0,1. 

Le Le 

x z 
when: - > 3,5 or - > 2,0 take the value s ° @2] 

Le 

c) downwind section for hills and ridges (Figure A.3): 

For the ranges 

x z ° ~ - ~ 2,0 and ° ~ - 2,0 
Ld Le 

take: 

where: 

A 0,1552· 
Z Z Z 

\
4 ( ~3 j -0,8575· L; +1,8133· 

and 

z 
B =-0,3056· 

~ Le 
+ 1,0212· r ~J -1,7637 

\ Le 

when 

x z 
- > 2,0 or > 2,0 
Ld Le 

take: 

s=O 

NOTE Expressions A.5 and A.12 are identical. 

1,9115· 

(A.11 ) 

+ 1,0124 (A.12) 

(A.13) 
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A.4 Neighbouring structures 

(1) If a building is more than twice as high as the average height have of the neighbouring structures 
then, as a first approximation, the design of any of those nearby structures may be based on the peak 
velocity pressure at height Zn (ze = zn) above ground (Expression A.14), see Figure AA. 

x ~ r: 

r < x < 2·r: 

x?2·r: 

in which the radius r is: 

r = hhigh 

r = 2 . d'arge 

1 
Z =-·r 

n 2 

if 

if hhigh > 2 . dlarge 

(A.14 ) 

The structural height h 1ow, the radius r, the distance x and the dimensions d Small and dlarge are illustrated 
in Figure AA Increased wind velocities can be disregarded when h,ow is more than half the height hhigh 

of the high building, i.e. Zn = h,ow. 

I 

I 

r CJ V 
~----'--+- - - - - - -

Figure A.4 - Influence of a high rise building, on two different nearby structures (1 and 2) 
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(1) For buildings in terrain category IV, closely spaced buildings and other obstructions causes the 
wind to behave as jf the ground level was raised to a displacement height, hdis ' hdis may be determined 
by Expression (A.15), see Figure A.5. The profile of peak velocity pressure over height (see Figure 
4.2) may be lifted by a height hdis• 

h 

Figure A.5 - Obstruction height and upwind spacing 

x 2· have hdis is the lesser of 0,8 . have or 0,6 . h 

2 . have < X < 6 . have hdis is the lesser of 1,2 . have - 0,2 . X or 0,6 . h (A.15) 

x;:::: 6 . have 

In the absence of more accurate information the obstruction height may be taken as have = 15 m for 
terrain category IV. ~ These rules are direction dependent, the values of have and X should be 
established for each 30° sector as described in 4.3.2. @lI 
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Annex B 
(informative) 

Procedure 1 for determining the structural factor CsCd 

B.1 Wind turbulence 

(1) The turbulent length scale L(z) represents the average gust size for natural winds. For heights z 
below 200 m the turbulent length scale may be calculated using Expression (8.1): 

L(z)=Lt -[ ~ r for (8.1 ) 

L(z) = L(zmin) for 

with a reference height of Zt = 200 m, a reference length scale of Lt = 300 m, and with 
a = 0,67 + 0,05 In(zo), where the roughness length Zo is in m. The minimum height Zmin is given in 
Table 4.1. 

(2) The wind distribution over frequencies is expressed by the non-dimensional power spectral 
density function Sdz,n), which should be determined using Expression (8.2): 

(8.2) 

where Sv(z,n) is the one-sided variance spectrum, and 

n· fL (z, n) is a non-dimensional frequency determined by the frequency n = n1,x, the natural 
vm(z) 

frequency of the structure in Hz, by the mean velocity vm(z) and the turbulence length scale L(z) 
defined in (8. 1). The power spectral density function is illustrated in Figure 8.1. 
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Figure B.1 -Power spectral density function SL(fd 

B.2 Structural factor 

(1) The structural factor cscd is defined in 6.3.1. 

(2) The background factor allowing for the lack of full correlation of the pressure on the structure 
surface may be calculated using Expression (B.3): 

where: 

b, h 

(B.3) 

is the width and height of the structure, see Figure 6.1. 

is the turbulent length scale given in B. 1 (1) at reference height Zs defined in Figure 6.1. It is 
on the safe side to use 8 2 = 1. 

(3) The peak factor kp, defined as the ratio of the maximum value of the fluctuating part of the 
response to its standard deviation, should be obtained from Expression (B.4) and is shown in 
Figure B.2. 
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kp = ~2 ·In(v . T) + 0.6 
~2 ·In(v· T) 

or kp= 3 whichever is larger 

where: 

v is the up-crossing frequency given in (4) 

T is the averaging time for the mean wind velocity, T = 600 seconds. 

(4) The up-crossing frequency v should be obtained from Expression (B.5): 

Jb2 

V = n1 x 2 2 ; v? 0,08 Hz 
, B +R 

----
y 

:---

------
.. 

. .. . .. 

. .. 

.•...... 

..... ...... .... 

. 
vT 

1000 

(BA) 

(B.5) 

where n1,x is the natural frequency of the structure, which may be determined using Annex F. The limit 

of v? 0,08 Hz corresponds to a peak factor of 3,0. 

(5) The resonance response factor R2 allowing for turbulence in resonance with the considered 
vibration mode of the structure should be determined using Expression (8.6): 

(B.6) 

where: 

<5 is the total logarithmic decrement of damping given in F.5 

SL is the non-dimensional power spectral density function given in B. 1 (2) 

Rh, Rb is the aerodynamic admittance functions given in (6). 

(6) The aerodynamic admittance functions Rh and Rb for a fundamental mode shape may be 
approximated using Expressions (B.7) and (B.8): 
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(B.7) 

(B.8) 

NOTE For mode shapes with internal node points more detailed calculations should be used. 

B.3 Number of loads for dynamic response 

(1) Figure B.3 shows the number of times Ng, that the value ~S of an effect of the wind is reached or 
exceeded during a period of 50 years. ~S is expressed as a percentage of the value where Sk is 
the effect due to a 50 years return period wind action. 

~s 100~~----~----~----~----~----~------~----------~ 

SI< 

[0/0] 

50 

Figure B.3 - Number of gust loads Ng for an effect ASISk during a 50 years period 

The relationship between ~S/Sk and Ng is given by Expression B.9. 

6.S = 0,7· (log(Ng ))2 -17,4 .log(Ng ) + 100 
Sk 

(B.9) 

B.4 Service displacement and accelerations for serviceability assessments of 
a vertical structure 

(1) The maximum along-wind displacement is determined from the equivalent static wind force 
defined in 5.3. 
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(2) The standard deviation CYa,x of the characteristic along-wind acceleration of the structural point at 
height Z should be obtained using Expression (B.1 0) : 

(B.10) 

where: 

Cf is the force coefficient, see Section 7 

p is the air density, see 4.5 (1) 

b is the width of the structure, defined in Figure 6.1 

Iv(zs) is the turbulence intensity at the height z = Zs above ground, see 4A (1) 

Vm(zs) is the mean wind velocity for z = zs. see 4.3.1 (1) 

Zs is the reference height, see Figure 6.1 

R is the square root of resonant response, see B. 2 (5) 

Kx is the non-dimensional coefficient, given by Expression (B.11) 

m1.x is the along wind fundamental equivalent mass, see FA (1) 

n1.x is the fundamental frequency of along wind vibration of the structure; approximations are given 
in Annex F 

<P1.x(Z) is the fundamental along wind modal shape, as a first approximation the expressions given in 
Annex F may be used 

(3) The non dimensional coefficient, Kx, is defined by: 

dz 

(8.11) 

dz 

where: 

h is the height of the structure (see Figure 6.1). 

NOTE Assuming cA,x(z) (zlh)( (see Annex F) and co(z) = 1 (flat terrain, see 4.3.3), Expression (8.11) 
can be approximated by Expression (8.12). This approximation is shown in Figure B.4 

(2·( 1). 

(8.12) 

where: 

Zo is the roughness length (Table 4.1) 

I; is the exponent of the mode shape (see Annex F) 

106 



1,9 

1,8 

1,7 

1,6 

1 

1,4 

1,3 

r----.. I ' i i 

~--~ -,...,--r-----___ , r---______ 

, 

""" 

r------
• 

i 
" 

, 

~"'"""",, 

------

i 

i I 

' ' i 
, 

, 

! 

, : 

I 

: 

• 

" i • 

BS EN 1991-1-4:2005+A1 :2010 
EN 1991-1-4:2005+A 1 :2010 (E) 

, 

t;;=2,5 

t;;=2,O 
! 

t;;=1,5 

t;; =1, o 

j 

t;;=O,5 

Figure 8.4 - Approximation of the non dimensional coefficient, 
Kx according to Expression (8.12) 

(4) The characteristic peak accelerations are obtained by multiplying the standard deviation in (2) by 
the peak factor in B. 2 (3) using the natural frequency as upcrossing frequency, i.e. v = ntx . 
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Annex C 
(informative) 

Procedure 2 for determining the structural factor CsCd 

C.1 Wind turbulence 

(1) The turbulence should be considered in accordance with B.1. 

C.2 Structural factor 

(1) The structural factor CsCd is defined in 6.3.1. 

(2) The background factor 8 2 allowing for the lack of full correlation of the pressure on the structure 
surface may be calculated using Expression (C.1): 

(C.1 ) 

where: 

b,h is the width and height of the structure, see Figure 6.1 

L(zs) is the turbulent length scale given in B.1 (1) at reference height Zs defined in Figure 6.1. 

It is on the safe side to use ~ = 1. 

(3) The peak factor kp, should be obtained from B. 2 (3). 

(4) The resonance response factor ~ allowing for turbulence in resonance with the considered 
vibration mode of the structure should be determined using Expression (C.2): 

(C.2) 

where: 

15 is the total logarithmic decrement of damping given in Annex F 

SL is the wind power spectral density function given in B. 1 (2) 

n1,x is the natural frequency of the structure, which may be determined using Annex F 

Ks is the size reduction function given in (5). 

(5) The size reduction function Ks may be approximated by Expression (C.3): 

(C.3) 
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C ·b·n 
¢ =-y--

Y Vm(Zs) 

The constants Gy and Gz depend on the mode shape variation along the horizontal y-axis and vertical 
z-axis, respectively. The decay constants cy and Cz are both equal to 11,5. 

(6) The constant G introduced in (5) and the constant K used to calculate accelerations, are shown in 
Table C.1. 

Table C.1 - G and K as a function of mode shape 

Mode shape Uniform Linear Parabolic Sinusoidal 

G: 1/2 3/8 5/18 41t?-

1 3/2 5/3 411l 

NOTE 1 For buildings with a uniform horizontal mode shape variation and a linear vertical mode shape 
variation ([i..y,z) = zlh, Gy = 1/2, Gz = 3/8, Ky = 1 and Kz = 3/2. 

NOTE 2 For chimneys with a uniform horizontal mode shape variation and a parabolic vertical mode shape 
variation rft..,y,z) = ~/h2, Gy = 1/2, Gz = 5/18, Ky 1 and 5/3. 

NOTE 3 For bridges with a sinusoidal horizontal mode shape variation </J{y,z) = sin( n·yl b), Gy = 41n2, 

Gz = 1/2, Ky 41n and Kz 1. 

C.3 Number of loads for dynamic response 

(1) The number of loads should be obtained from B. 3. 

C.4 Service displacement and accelerations for serviceability assessments 

~ (1) The maximum along-wind displacement is the static displacement determined from the equivalent 
static wind force defined in 5.3. 

(2) The standard deviation O'a,x of the characteristic along-wind acceleration of the structural point with 
coordinates (y,z) is approximately given by Expression (CA): 

(CA) 

where: 

Cf is the force coefficient, see Section 7 

p is the air density, see 4.5 

Iv(zs) is the turbulence intensity at height Zs above ground, see 4A (1) 

Vm(zs) is the characteristic mean wind velocity at height zs, see 4.3.1 (1) 

Zs is the reference height, see Figure 6.1 

R is the square root of the resonant response, see C.2 (4) 
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Ky,Kz is the constants given in C.2 (6) 

flref is the reference mass per unit area, see F.5 (3) 

~y,z) is the mode shape 

(/Jmax is the mode shape value at the point with maximum amplitude 

(3) The characteristic peak accelerations are obtained by multiplying the standard deviation in (2) by 
the peak factor in B. 2 (3) using the natural frequency as upcrossing frequency, i.e. v = n1,x. 
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CsCd values for different types of structures 

(1) The natural frequencies and mode shapes of the structures presented in this annex are derived 
from linear analysis or estimated using the expressions given in Annex F. 

Height [m] 

based on: 

(~,=O.05 
roughness category II (solid lines) 
roughness category III (dotted lines) 
vb"'28 m/sec 

@l] 

10 20 30 40 50 60 70 80 90 100 

Width [m] 

NOTE For values exceeding 1,1 the detailed procedure given in 6.3 may be applied (approved minimum 
value of GsGd = 0,85) 

Figure 0.1 - CsCd for multistorey steel buildings with rectangular ground plan and vertical 
external walls, with regular distribution of stiffness and mass 

(frequency according to Expression (F.2)). 
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NOTE For values exceeding 1,1 the detailed procedure given in 6.3 may be applied (approved minimum 
value of CsCd = 0,85) 

Figure 0.2 - CsCd for multistorey concrete buildings with rectangular ground plan and vertical 
external walls, with regular distribution of stiffness and mass 

(frequency according to Expression (F.2)). 

chimneys without 

Height [m} 100 ,.....--,----,-----,........-~-rl -r-'·-.....,-----,---.-I ....... ---.---,---,---.--·.,.--~ 

I I !) /1,10 based on: 

8,::::0,012 
W,/1N;=1 
roughness category II (solid lines) 
roughness category III (dotted lines) 
vb=28 m/sec 
0,=0 

9o+-r-~~-+I-+~-~~I~-+~-4-~~··~~-.~·M 

80 I----I--+-+--+--_it--, -+--+--+---I-- +---+--+-+,--+--~V ....... ' -i-' ---t.>"/..-I 
i I V Vi' 

50 +-r-r---t--+,-+I-+-+,---,' b""-A---t--;~ Y·+-.y./"'-t-'.-r'.-'f-· -f_-+-'--t-AO,95 
I I / YJ V.' /V 

2 3 4 5 6 7 8 9 10 

Diameter (m] 

NOTE For values exceeding 1,1 the detailed procedure given in 6.3 may be applied (approved minimum 
value of CsCd 0,85) 

Figure 0.3 - CsCd for steel chimneys without liners (frequency according to Expression (F.3), 
with &1=1000 and Wsl Wt= 1 ,0). 
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for concrete chimneys without Ii 
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Figure D.4 - CsCd for concrete chimneys without liners (frequency according to Expression 
(F.3), with £1=700 and WJWt=1,0). 
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Figure D.5 - CsCd for steel chimneys with liners and different values of 85 according to 
Table F.2 (frequency according to Expression (F.3), with £1=1000 and W5IWt=0,5). 
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Annex E 
(informative) 

Vortex shedding and aeroelastic instabilities 

E.1 Vortex shedding 

E.1.1 General 

(1) Vortex-shedding occurs when vortices are shed alternately from opposite sides of the structure. 
This gives rise to a fluctuating load perpendicular to the wind direction. Structural vibrations may occur 
if the frequency of vortex-shedding is the same as a natural frequency of the structure. This condition 
occurs when the wind velocity is equal to the critical wind velocity defined in E.1.3.1. Typically, the 
critical wind velocity is a frequent wind velocity indicating that fatigue, and thereby the number of load 
cycles, may become relevant. 

(2) The response induced by vortex shedding is composed of broad-banded response that occurs 
whether or not the structure is moving, and narrow-banded response originating from motion-induced 
wind load. 

NOTE 1 Broad-banded response is normally most important for reinforced concrete structures and heavy 
steel structures. 

NOTE 2 Narrow-banded response is normally most important for light steel structures. 

E.1.2 Criteria for vortex shedding 

(1) The effect of vortex shedding should be investigated when the ratio of the largest to the smallest 
crosswind dimension of the structure, both taken in the plane perpendicular to the wind, exceeds 6. 

(2) The effect of vortex shedding need not be investigated when 

V crit,i > 1,25 . v m (E.1 ) 

where: 

VCrit,i is the critical wind velocity for mode i, as defined in E.1.3.1 

Vm is the characteristic 10 minutes mean wind velocity specified in 4.3.1 (1) at the cross section 
where vortex shedding occurs (see Figure E.3). 
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E.1.3.1 Critical wind velocity VCrit,i 
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(1) The critical wind velocity for bending vibration mode i is defined as the wind velocity at which the 
frequency of vortex shedding ~ equals the natural frequency (mode i) of the structure or the 
structural element @il and is given in Expression (E.2). 

b· 
(E.2) Vcrit,i = 

Sf 

where: 

b is the reference width of the cross-section at which resonant vortex shedding occurs and 
where the modal deflection is maximum for the structure or structural part considered; for 
circular cylinders the reference width is the outer diameter 

ni,y is the natural frequency of the considered flexural mode i of cross-wind vibration; 
approximations for n1,y are given in F.2 

Sf Strouhal number as defined in E.1.3.2 . 

. (2) The critical wind velocity for ovalling vibration mode i of cylindrical shells is defined as the wind 
velocity at which two times of the frequency of vortex shedding equals a natural frequency of the 
availing mode i of the cylindrical shell and is given in Expression (E.3). 

where: 

b·nj,o 
v crit,i = 2. Sf 

b is the outer shell diameter 

Sf is the Strouhal number as defined in E.1.3.2 

ni,Q is the natural frequency of the availing mode i of the shell 

NOTE 1 For shells without stiffening rings no is given in F.2 (3) 

NOTE 2 Procedures to calculate ovalling vibrations are not covered in Annex E. 

E.1.3.2 Strouhal number Sf 

The Strouhal number St for different cross-sections may be taken from Table E.1. 

(E.3) 
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Table E.1 - Strouhal numbers St for different cross-sections 

Cross-section St 

0,18 

for all Re-numbers 

from Figure E.1 

0,5:::;; d/b :::;; 10 

d/b = 1 0,11 

d/b = 1,5 0,10 

d/b = 2 0,14 
linear interpolation 

d/b = 1 0,13 

d/b = 2 0,08 
linear interpolation 

1- d 1-

----» + } d/b = 1 0,16 

linear interpolation d/b = 2 0,12 

d 
d/b = 1,3 0,11 

_I} 
d/b = 2,0 0,07 

linear interpolation 

NOTE Extrapolations for Strouhal numbers as function of d/b are not allowed. 
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-. 

1 2 3 4 5 6 7 8 9 10 d/b 

Figure E.1 - Strouhal number (St) for rectangular cross-sections with sharp corners 

E.1.3.3 Scruton number Sc 

(1) The susceptibility of vibrations depends on the structural damping and the ratio of structural mass 
to fluid mass. This is expressed by the Scruton number Sc, which is given in Expression (EA). 

(EA) 

where: 

65 is the structural damping expressed by the logarithmic decrement. 

p is the air density under vortex shedding conditions. 

mi,e is the equivalent mass me per unit length for mode i as defined in FA (1) 

b is the reference width of the cross-section at which resonant vortex shedding occurs 

NOTE The value of the air density p may be given in the National Annex. The recommended value is 
1,25 kg/m3

. 

E.1.3.4 Reynolds number Re 

(1) The vortex shedding action on a circular cylinder depends on the Reynolds number Re at the 
critical wind velocity Vcrit,i. The Reynolds number is given in Expression (E.5). 

b·v"t" Re(v "") = __ C_rl_,1 
cnt,1 

V 
(E.5) 
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where: 

b is the outer diameter of the circular cylinder 

v is the kinematic viscosity of the air (v ~15·1 0-6 m2/s) 

VCrit,i is the critical wind velocity, see E.1.3.1 

E.1.4 Vortex shedding action 

(1) The effect of vibrations induced by vortex shedding should be calculated from the effect of the 
inertia force per unit length Fw(s), acting perpendicular to the wind direction at location S on the 
structure and given in Expression (E.6) 

(E.6) 

where: 

m(s) is the vibrating mass of the structure per unit length [kg/m] 

ni,y is the natural frequency of the structure 

(/Ji,y(S) is the mode shape of the structure normalised to 1 at the point with the maximum 
displacement 

YF,max is the maximum displacement over time of the point with ~,y(s) equal to 1, see E.1.5 

E.1.5 Calculation of the cross wind amplitude 

E.1.5.1 General 

(1) Two different approaches for calculating the vortex excited cross-wind amplitudes are given in 
E.1.5.2 and E.1.5.3. 

NOTE 1 The choice of calculation approach or alternative calculation procedures may be specified in 
the National Annex. 

NOTE 2 A direct comparison of the approaches proposed in E.1.5.2 and E.1.5.3 is not possible 
because some of the input parameters are chosen for different environmental conditions. The National 
Annex may define the range of application for each of the approaches proposed. 

NOTE 3 
in the text. 

Mixing of the approaches E.1.5.2 and E.1.5.3 is not allowed, except if it is specifically stated 

(2) The approach given in E.1.5.2 can be used for various kind of structures and mode shapes. It 
includes turbulence and roughness effects and it may be used for normal climatic conditions. 

(3) The approach given in E.1.5.3 may be used to calculate the response for vibrations in the first 
mode of cantilevered structures with a regular distribution of cross wind dimensions along the main 
axis of the structure. Typically structures covered are chimneys or masts. It cannot be applied for 
grouped or in-line arrangements and for coupled cylinders. This approach allows for the consideration 
of different turbulence intensities, which may differ due to meteorological conditions. For regions 
where it is likely that it may become very cold and stratified flow conditions may occur (e.g. in coastal 
areas in Northern Europe), approach E.1.5.3 may be used. 
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E.1.S.2 Approach 1 for the calculation of the cross wind amplitudes 

E.1.S.2.1 Calculation of displacements 

The largest displacement YF,max can be calculated using Expression (E.7). 

Y F,max = _1_. 1 . K . K . c 
b St 2 Sc W lat 

(E.7) 

where: 

St is the Strouhal number given in Table E.1 

Sc is the Scruton number given in E.1.3.3 

Kw is the effective correlation length factor given in E.1.5.2.4 

K is the mode shape factor given in E.1.5.2.5 

Clat is the lateral force coefficient given in Table E.2 

NOTE The aeroelastic forces are taken into account by the effective correlation length factor Kw. 

E.1.S.2.2 Lateral force coefficient Clat 

(1) The basic value, Clat,Q, ofthe lateral force coefficient is given in Table E.2. 
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Table E.2 - Basic value of the lateral force coefficient Clat,O for different cross- sections 

Cross-section 

for all Re-numbers 

J J 
r r 

0,5:::;; d/b 10 

J J 

linear interpolation 

J d J 
r r 

linear interpolation 

J d J 
r r 

linear interpolation 

r r 

linear interpolation 

t 
J 

from Figure E.2 

1,1 

d/b 1 0,8 

d/b = 1,5 1,2 

d/b = 2 0,3 

d/b = 1 1,6 

d/b = 2 2,3 

d/b = 1 1,4 

d/b 2 1,1 

d/b = 1,3 0,8 

d/b = 2,0 1,0 

NOTE Extrapolations for lateral force coefficients as function of d/b are not allowed. 
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Clat,o 1,0 

0,9 

0,8 

0,7 

0,6 

0,5 

OA 
0,3 

0,2 

0,1 

0,0 
10

4 
3 5 

Re 
3 

Figure E.2 - Basic value of the lateral force coefficient Clat,O versus Reynolds number Re(vcrit,i) 
for circular cylinders, see E.1.3.4 

(2) The lateral force coefficient, Cia!> is given in Table E.3. 

Table E.3 - Lateral force coefficient Clat versus critical wind velocity ratio, Vcrit}Vrn,Lj: 

Critical wind velocity ratio 

V erit,i ~ 0,83 
Vm ,Lj 

0,83 ~ verit,i < 1,25 
Vm,Lj 

1,25 ~ verit,i 

Vm,Lj 

where: 

[3 2 4 verit,i J c lat = -, ._- . c1at,o 
Vm,Lj 

Clat,Q is the basic value of qat as given in Table E.2 and, for circular cylinders, in Figure E.2 

~ Verit i is the critical wind velocity (see E.1.3.1) 

Vm,Lj is the mean wind velocity (see 4.3.1) in the centre of the effective correlation length as 
defined in Figure E.3 @2] 
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E.1.5.2.3 Correlation lengthL 

(1) The correlation length Lj , should be positioned in the range of antinodes. Examples are given in 
Figure E.3. For guyed masts and continuous multispan bridges special advice is necessary. 
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a) 

d) 

1st mode shape 

YF,max 
14-1 

--jbr-

n=2; m=2 

2nd mode shape 

n=2; m=2 

e) 

b) c) 

t, 

n=1 ;m=1 n=2; m=2 

f) 

n=1; m=3 n=3; m=6 

NOTE If more than one correlation length is shown, it is safe to use them simultaneously, and the highest 
value of Clat should be used. 

Figure E.3 - Examples for application of the correlation length Lj (j = 1,2,3) 

Table E.4 - Effective correlation length Lj as a function of vibration amplitude YF(Sj) 

YF(Sj)lb Lj I b 

< 0,1 6 

0,1 to 0,6 4,8+12 . 
YF(s) 

b 

> 0,6 12 
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E.1.S.2.4 Effective correlation length factor Kw 

(1) The effective correlation length factor, Kw, is given in Expression (E.8). 

n 

I II rt>;,y(s) Ids 
"-1 

Kw = J~ Lj :::;;0,6 (E.8) 

I II cJJ;,y (s) Ids 
j=1 (j 

where: 

cA,y is the mode shape i (see F.3). 

Lj is the correlation length 

ej is the length of the structure between two nodes (see Figure E.3); for cantilevered structures it 

is equal to the height of the structure 

n is the number of regions where vortex excitation occurs at the same time (see Figure E.3) 

m is the number of antinodes of the vibrating structure in the considered mode shape cA,y 

s is the coordinate defined in Table E.5. 

(2) For some simple structures vibrating in the fundamental cross-wind mode and with the exciting 
force indicated in Table E.5 the effective correlation length factor Kw can be approximated by the 
expressions given in Table E.5. 
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Table E.S - Correlation length factor Kw and mode shape factor K for some simple structures 

Structure 

r-14 

I 
I 

F1 I \ 

LT: 
_I 

:1 L, 
I-

I I 
\ I 

l\ I 
I 

m=3 

mode shape 

$.,y{s) 

see F.3 

with 2,0 

n 1 ;m = 1 

see Table F.1 

n = 1 ;m = 1 

see Table F.1 

n=1;m=1 

modal analysis 

n=3 

m=3 

Kw K 

I b -[1- Lj I b + ~. 
1 

3· 
0,13 A A 3 

0,10 

0,11 

n 

I: fllPj,ls)1 ds 
i=1 
m 0,10 

L fllPi,ls)1 ds 
j=1 

NOTE 1 The mode shape, tPi,y(S), is taken from F.3. The parameters nand m are defined in 
Expression (E.8) and in Figure E.3 @2] 

NOTE 2 Jo = e/b 
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E.1.S.2.S Mode shape factor 

(1) The mode shape factor K is given in Expression (E.9). 

m 

L JI tPi,y(s) I ds 
K = j=1 fj 

m 
(E.g) 

4'JZ"'L J{j)i~y(S)ds 
j=1 ' j 

where: 

m is defined in E.1.S.2.4 (1) 

</1,y(S) is the cross-wind mode shape i (see F.3) 

tj is the length of the structure between two nodes (see Figure E.3) 

(2) For some simple structures vibrating in the fundamental cross-wind mode the mode shape factor 
is given in Table E.S. 

E.1.S.2.6 Number of load cycles 

(1) The number of load cycles N caused by vortex excited oscillation is given by Expression (E.1 0). 

(E.10) 

where: 

ny is the natural frequency of cross-wind mode [Hz]. Approximations for ny are given in Annex F 

Vcrit is the critical wind velocity [m/s] given in E.1.3.1 

Va is .J2 times the modal value of the Weibull probability distribution assumed for the wind 
velocity [m/s], see Note 2 

T is the life time in seconds, which is equal to 3,2 107 multiplied by the expected lifetime in years 

co is the bandwidth factor describing the band of wind velocities with vortex-induced vibrations, 
see Note 3 

The National Annex may specify the minimum value of N. The recommended value is 

NOTE 2 The value Va can be taken as 20 % of the characteristic mean wind velocity as specified in 
4.3.1 (1) at the height of the cross section where vortex shedding occurs. 

NOTE 3 The bandwidth factor &0 is in the range 0,1 - 0,3. It may be taken as &0 = 0,3. 
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E.1.5.2.7 Vortex resonance of vertical cylinders in a row or grouped arrangement 

(1) For circular cylinders in a row or grouped arrangement with or without coupling (see Figure EA) 
vortex excited vibrations may occur. 

0-0 1_+ 1'- -
b 

Figure E.4 - In-line and grouped arrangements of cylinders 

(2) The maximum deflections of oscillation can be estimated by Expression (E.7) and the calculation 
procedure given in E.1.52 with the modifications given by Expressions (E.11) and (E. 12). 

For in-line, free standing circular cylinders without coupling: 

Cia! = 1,5· clat(single) for 1::;~::; 10 
b 

for 
a 

c lat = cla!(single) - 2: 15 
b 

linear interpolation for 
a 

10<-::;15 
b 

(E.11 ) 

Sf 0,1 + 0,085 o109( ~ J for 1 
a 
-::;9 
b 

Sf 0,18 for 
a 
->9 
b 

where: 

Clat (single) = Clat as given in Table E.3 

For coupled cylinders: 

C lat = Kiv clat(Single) for 1,0 alb::; 3,0 (E.12) 

where: 

Kiv is the interference factor for vortex shedding (Table 

St is the Strouhal number, given in Table E.8 

Sc is the Scruton number, given in Table E.8 

~ For coupled cylinders with alb> 3,0 specialist advice is recommended. @II 

NOTE The factor 1,5 . Cia! for circular cylinders without coupling is a rough approximation. It is expected to 
be conservative. 
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E.1.S.3 Approach 2, for the calculation of the cross wind amplitudes 

(1) The characteristic maximum displacement at the pOint with the largest movement is given in 
Expression (E.13). 

Y max a y • kp (E.13) 

where: 

{7y is the standard deviation of the displacement, see (2) 

kp is the peak factor, see (6) 

(2) The standard deviation {7y of the displacement related to the width b at the point with the largest 
deflection ((jJ = 1) can be calculated by using Expression (E.14). 

b 
(E.14 ) 

where: 

~Sc 

Sf 

p 

h,b 

is the aerodynamic constant dependent on the cross-sectional shape, and for a circular 
cylinder also dependent on the Reynolds number Re as defined in E.1.3.4 (1); given in 
Table E.6. 

is the aerodynamic damping parameter as given in E.1.5.3 (4) 

is the normalised limiting amplitude giving the deflection of structures with very low damping; 
given in Table E.6 

is the Scruton number given in E.1.3.3 

is the Strouhal number given in Table E.1 @il 

is the air density under vortex shedding conditions, see Note 1 

is the effective mass per unit length; given in F.4 (1) 

is the height and width of structure. For structures with varying width, the width at the point 
with largest displacements is used. 

NOTE 1 The value of the air density p may be given in the National Annex. The recommended value 
is 1,25 kg/m3

. 

NOTE2 The aerodynamic constant Cc depends on the lift force acting on a non-moving structure. 

NOTE 3 The motion-induced wind loads are taken into account by Ka and aL. 

(3) The solution to Expression (E.14) is given in Expression (E.15). 

(E.15) 
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where the constants C1 and C2 are given by: 

(E.16) 

(4) The aerodynamic damping constant Ka decreases with increasing turbulence intensity. For a 
turbulence intensity of 0 %, the aerodynamic damping constant may be taken as Ka = Ka,max, which is 
given in Table E.6. 

NOTE Using Ka,max for turbulence intensities larger a % gives conservative predictions of displacements. 
More detailed information on the influence of the turbulence intensity on Ka may be specified in the 
National Annex. 

(5) For a circular cylinder and a square cross-section the constants Ce , Ka,max and aL are given in 
Table E.6. 

Table E.6 - Constants for determination of the effect of vortex shedding 

Constant 
Circular cylinder Circular cylinder Circular cylinder Square 
Re s 105 Re = 5.105 Re ~ 106 cross-section 

Cc 0,02 0,005 0,01 0,04 

Ka,max 2 0,5 1 6 

8L 0,4 0,4 0,4 0,4 

NOTE: For circular cylinders the constants Cc and Ka,max are assumed to vary linearly with the 
loga rithm of the Reynolds number for 105 < Re <5.105 and for 5,105 < Re < 1 06 ~ Text deleted @il 

(6) The peak factor kp should be determined. 

NOTE The National Annex may specify the peak factor. Expression (E.17) gives the recommended 
value. 

17)@il 

(7) The number of load cycles may be obtained from E.1.5.2.6 using a bandwidth factor of co = 0,15. 

E.1.6 Measures against vortex induced vibrations 

(1) The vortex-induced amplitudes may be reduced by means of aerodynamic devices (only under 
special conditions, e.g. Scruton numbers larger than 8) or damping devices supplied to the structure. 
The drag coefficient Cf for a structure with circular cross section and aerodynamic devices based on 
the basic diameter b, may increase up to a value of 1,4. Both applications require special advice. 

(2) For more information see codes for special structures. 
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(1) Galloping is a self-induced vibration of a flexible structure in cross wind bending mode. Non 
circular cross sections including L-, 1-, U- and T-sections are prone to galloping. Ice may cause a 
stable cross section to become unstable. 

(2) Galloping oscillation starts at a special onset wind velocity VCG and normally the amplitudes 
increase rapidly with increasing wind velocity. 

E.2.2 Onset wind velocity 

(1) The onset wind velocity of galloping, VCG, is given in Expression (E.18). 

2·Sc 
VCG =--.n1,y·b 

BG 
(E.18) 

where: 

Sc is the Scruton number as defined in E.1.3.3 (1) 

n1,y is the cross-wind fundamental frequency of the structure; approximations of n1,y are given 
in F.2 

b is the width as defined in Table E.7 

BG is the factor of galloping instability (Table E.7); if no factor of galloping instability is known, 
BG = 10 may be used. 

(2) It should be ensured that: 

(E.19) 

where: 

Vm is the mean wind velocity as defined in Expression (4.3) and calculated at the height, where 
galloping process is expected, likely to be the point of maximum amplitude of oscillation. 

(3) If the critical vortex shedding velocity Veri! is close to the onset wind velocity of galloping VCG: 

V 
0,7 <~< 1,5 (E.20) 

veri! 

interaction effects between vortex shedding and galloping are likely to occur. In this case specialist 
advice is recommended. 
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Table E.7 - Factor of galloping instability aG 

Cross-section 

t t = 0,06 b 

-'I~ 
--+ 0:,,,,, + Ib 

ICE 
(ice on ___ fO ~bres) 

ICE 

1-------1 + 
-V~b 

+-d-+ + 
linear interpolation 

d/b=2 

d/b=1,5 

d/b=1 

Factor of 
galloping 
instability 

aG 

1,0 

2 

1,7 

1,2 

Cross-section 

Vi I j:b 

+-d-+ 

d/b=2 

d/b=2,7 

d/b=5 

d/b=2/3 
I I Tb 

I, / +- d/b=3 
y- +-d-+ 

d/b=1/2 0,7 d/b=3/4 

linear interpolation 

d/b=1/3 0,4 d/b=2 

NOTE Extrapolations for the factor aG as function of d/b are not allowed, 
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Factor of 
galloping 
instability 

aG 

1,0 

4 

0,7 

5 

7 

7,5 

3,2 



E.2.3 Classical galloping of coupled cylinders 
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(1) For coupled cylinders (Figure EA) classical galloping may occur. 

(2) The onset velocity for classical galloping of coupled cylinders, VCG, may be estimated by 
Expression (E.21) 

2·$c 
VCG --.n1y ·b a ' 

G 

(E.21 ) 

where Sc, 8G and b are given in Table E.8 and n1,y is the natural frequency of the bending mode 
(see F.2). 

(3) It should be ensured that: 

(E.22) 

where: 

Vm(Z) is the mean wind velocity as defined in Expression (4.3), calculated at the height z, where the 
galloping excitation is expected, that is likely to be the point of maximum amplitude of 
oscillation 

131 



BS EN 1991-1-4:2005+A1:2010 
EN 1991-1-4:2005+A 1 :2010 (E) 

Table E.8 - Data for the estimation of cross-wind response of coupled cylinders at in-line and 
grouped arrangements 

Coupled 
cylinders 

~ ~ 
'1 'I 

~ L 
1 1 

i=2 

;(A 
b i=3 

~ ~ 
'I 'I 

-+;+-
i=4 
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Scruton number Sc = 2· Os' 2:
2

m
;,y (compare with Expression (E.4)) 

p'b 

alb = 1 alb:2:: 2 alb s 1,5 alb :2::2,5 

Kjv 1,5 Kjv 1,5 8G = 1,5 8G = 3,0 

Kjv = 4,8 Kiv = 3,0 aG = 6,0 8G = 3,0 

Kjv = 4,8 Kjv = 3,0 8G = 1,0 aG = 2,0 

linear interpolation 

1 d. 

I 
I .... 

3 a 
b o 2 

Reciprocal Strouhal numbers of coupled cylinders with in-line and grouped 
arrangements 
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E.3 Interference galloping of two or more free standing cylinders 

(1) Interference galloping is a self-excited oscillation which may occur if two or more cylinders are 
arranged close together without being connected with each other. 

(2) If the angle of wind attack is in the range of the critical wind direction 13k and if alb < 3 (see 
Figure E.5), the critical wind velocity, VCIG, may be estimated by 

where: 

ga. sc 
v c,G =3,5.n1,y.b _b_ 

alG 

Sc is the Scruton number as defined in E.1.3.3 (1) 

alG is the combined stability parameter alG = 3,0 

n1,y is the fundamental frequency of cross-wind mode. Approximations are given in F.2 

a is the spacing 

b is the diameter 

NOTE The National Annex may give additional guidance on a/G. 

a 

Figure E.S - Geometric parameters for interference galloping 

(E.23) 

(3) Interference galloping can be avoided by coupling the free-standing cylinders. In that case 
classical galloping may occur (see E.2.3). 
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E.4 Divergence and Flutter 

E.4.1 General 

(1) Divergence and flutter are instabilities that occur for flexible plate-like structures, such as 
signboards or suspension-bridge decks, above a certain threshold or critical wind velocity. The 
instability is caused by the deflection of the structure modifying the aerodynamics to alter the loading. 

(2) Divergence and flutter should be avoided. 

(3) The procedures given below provide a means of assessing the susceptibility of a structure in 
terms of simple structural criteria. If these criteria are not satisfied, specialist advice is recommended 

E.4.2 Criteria for plate-like structures 

(1) To be prone to either divergence or flutter, the structure satisfies all of the three criteria given 
below. The criteria should be checked in the order given (easiest first) and if anyone of the criteria is 
not met, the structure will not be prone to either divergence or flutter. 

The structure, or a substantial part of it, has an elongated cross-section (like a flat plate) with bid 
less than 0,25 (see Figure E.6). 

~ - The torsional axis is parallel to the plane of the plate and normal to the wind direction, and the 
centre of torsion is at least dl4 downwind of the windward edge of the plate, where d is the inwind 
depth of the plate measured normal to the torsional axis. This includes the common cases of 
torsional centre at geometrical centre, i.e. centrally supported signboard or canopy, and torsional 
centre at downwind edge, i.e. cantilevered canopy. @.il 

The lowest natural frequency corresponds to a torsional mode, or else the lowest torsional natural 
frequency is less than 2 times the lowest translational natural frequency. 

E.4.3 Divergency velocity 

(1) The critical wind velocity for divergence is given in Expression (E.24) 

1 

2·k g 

[ ]

2 

(E.24 ) 

where: 

ke is the torsional stiffness 

CM is the aerodynamic moment coefficient, given in Expression (E.25): 

M 
cM = 1 2 2 

2'P'V ·d 
(E.25) 

dcMlde is the rate of change of aerodynamic moment coefficient with respect to rotation about the 
torsional centre, e is expressed in radians. 

M is the aerodynamic moment of a unit length of the structure 

p is the density of air given in 4.5 
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d is the in wind depth (chord) of the structure (see Figure E.6) 

b is the width as defined in Figure E.6 

(2) Values of dcMlde measured about the geometric centre of various rectangular sections are given 
in Figure E.6. 

(3) It should be ensured that: 

(E.26) 

where: 

Vm(Zs) is the mean wind velocity as defined in Expression (4.3) at height Zs (defined in Figure 6.1) 

b 

dS =-6.3(~)' +1,6 

o 0,05 0,1 0,15 0,2 0,25 

Figure E.6 - Rate of change of aerodynamic moment coefficient, dcMfd8, with respect to 
geometric centre "GC" for rectangular section 
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Annex F 
(informative) 

Dynamic characteristics of structures 

F.1 General 

(1) Calculation procedures recommended in this section assume that structures possess linear elastic 
behaviour and classical normal modes. Dynamic structural properties are therefore characterised by: 

natural frequencies 

modal shapes 

equivalent masses 

logarithmic decrements of damping. 

(2) Natural frequencies, modal shapes, equivalent masses and logarithmic decrements of damping 
should be evaluated, theoretically or experimentally, by applying the methods of structural dynamics. 

(3) Fundamental dynamic properties can be evaluated in approximate terms, using simplified 
analytical, semi-empirical or empirical equations, provided they are adequately proved: Some of these 
equations are given in F.2 to F .5. 

F.2 Fundamental frequency 

(1) For cantilevers with one mass at the end a simplified expression to calculate the fundamental 
flexural frequency n1 of structures is given by Expression (F.1): 

1/f nl = -
2· TC Xl 

(F.1 ) 

where: 

g is the acceleration of gravity = 9,81 m/s2 

X1 is the maximum displacement due to self weight applied in the vibration direction in m 

(2) The fundamental flexural frequency n1 of multi-storey buildings with a height larger than 50 m can 
be estimated using Expression (F .2): 

46 n1 =- [Hz] 
h 

(F.2) 

where: 

h is the height of the structure in m 

The same expression may give some guidance for single-storey buildings and towers. 

(3) The fundamental flexural frequency n1, of chimneys can be estimated by Expression (F.3): 
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_ Ii, . b ~W' [H] n ---. - Z 
1 h2 W 

eff t 

(F.3) 

with: 

(FA) 

where: 

b is the top diameter of the chimney [m], 

heff is the effective height of the chimney [m], h1 and h2 are given in Figure F.1, 

Ws is the weight of structural parts contributing to the stiffness of the chimney, 

Wt is the total weight of the chimney, 

£1 is equal to 1000 for steel chimneys, and 700 for concrete and masonry chimneys. 

h 

NOTE h3 = h1/3, seeFA (2) 

Figure F.1 - Geometric parameters for chimneys 

(4) The fundamental availing frequency n1,0 of a long cylindrical shell without stiffening rings may be 
calculated using Expression (F.5). 

(F.5) 

where: 

E is Young's modulus in [N/m2] 

is the shell thickness in [m] 

v is Poisson ratio 

Jis is the mass of the shell per unit area in [kg/m2] 

b is the diameter of the shell in [m] 
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Expression (F.5) gives the lowest natural frequency of the shell. Stiffness rings increase no. 

(5) The fundamental vertical bending frequency n1,B of a plate or box girder bridge may be 
approximately derived from Expression (F.6). 

(F.6) 

where: 

L is the length of the main span in m 

E is Youngs Modulus in N/m2 

Ib is the second moment of area of cross-section for vertical bending at mid-span in m4 

m is the mass per unit length of the full cross-section ad midspan (for dead and super-imposed 
dead loads) in kg/m 

K is a dimensionless factor depending on span arrangement defined below. 

a) For single span bridges: 

K TC if simply supported or 
K = 3,9 if propped cantilevered or 
K = 4,7 if fixed end supports 
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b) For two-span continuous bridges: 

K is obtained from Figure F .2, using the curve for two-span bridges, where 

L1 is the length of the side span and 

c) For three-span continuous bridges: 

K is obtained from Figure F .2, using the appropriate curve for three-span bridges, where 

L1 is the length of the longest side span 

L2 is the length of the other side span and ~ L?:: L1 ?:: L2 

This also applies to three-span bridges with a cantilevered/suspended main span. 

If L1 > L then K may be obtained from the curve for two span bridges, neglecting the shortest 
side span and treating the largest side span as the main span of an equivalent two-span 
bridge. 

d) For symmetrical four-span continuous bridges (i.e. bridges symmetrical about the central 
support): 

K may be obtained from the curve for two-span bridges in Figure F.2 treating each half of the 
bridge as an equivalent two-span bridge. 

e) For unsymmetrical four-span continuous bridges and continuous bridges with more than four 
spans: 

K may be obtained from Figure F.2 using the appropriate curve for three-span bridges, 
choosing the main span as the greatest internal span. 
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ra: NOTE 1 If the value of V~ at the support exceeds twice the value at mid-span, or is less than 80 % of 

the mid-span value, then the Expression (F.6) should not be used unless very approximate values are 
sufficient. 

NOTE 2 A consistent set should be used to give n1,B in cycles per second. 

(6) The fundamental torsional frequency of plate girder bridges is equal to the fundamental bending 
frequency calculated from Expression (F .6), provided the average longitudinal bending inertia per unit 
width is not less than 100 times the average transverse bending inertia per unit length. 

(7) The fundamental torsional frequency of a box girder bridge may be approximately derived from 
Expression (F.7): 

with: 

'" ,2 . /. p_L..J J 

2 - b2 .1 
p 

IE1)p 
3 

where: 

n1,B is the fundamental bending frequency in Hz 

b is the total width of the bridge 

m is the mass per unit length defined in F.2 (5) 

v is Poisson's ratio of girder material 

Ij is the distance of individual box centre-line from centre-line of bridge 

(F.7) 

(F.8) 

(F.9) 

(F.10) @l] 

Ij is the second moment of mass per unit length of individual box for vertical bending at mid
span, including an associated effective width of deck 

Ip is the second moment of mass per unit length of cross-section at mid-span. It is described by 
Expression (F.11). 

(F .11) 

where: 

md is the mass per unit length of the deck only, at mid-span 

Ipj is the mass moment of inertia of individual box at mid-span 

mj is the mass per unit length of individual box only, at mid-span, without associated portion of 
deck 
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Jj is the torsion constant of individual box at mid-span. It is described by Expression (F .12). 

where: 

Aj is the enclosed cell area at mid-span 

(F.12) 

,tdtS 'j is the integral around box perimeter of the ratio length/thickness for each portion of box wall at 
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NOTE Slight loss of accuracy may occur if the proposed Expression (F.12) is applied to multibox bridges 
whose plan aspect ratio (=span/width) exceeds 6. 
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Figure F.2 - Factor K used for the derivation of fundamental bending frequency 

F.3 Fundamental mode shape 

(1) The fundamental flexural mode W1(Z) of buildings, towers and chimneys cantilevered from the 
ground may be estimated using Expression (F.13), see Figure F.3. 

(F.13) 

where: 

0,6 for slender frame structures with non load-sharing walling or cladding 
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(= 1,0 for buildings with a central core plus peripheral columns or larger columns plus shear 
bracings 

(= 1,5 for slender cantilever buildings and buildings supported by central reinforced concrete cores 

( = 2,0 for towers and chimneys 

(= 2,5 for lattice steel towers 

zlh 

o +-~~--~--~--~--+---~--~--~--~---i 

o 0.5 

rp 1(Z) 

Figure F.3- Fundamental flexural mode shape for buildings, towers and chimneys 
cantilevered from the ground 

(2) The fundamental flexural vertical mode l1>1(S) of bridges may be estimated as shown in Table F.1. 

Table F.1 - Fundamental flexural vertical mode shape for simple supported and clamped 
structures and structural elements 

Scheme Mode shape tP1(S) 

S (/)1(S) 
is. Z1--ft-

.1.1 sin( ff'~ J -- -- ... -- ......... -,-- l ~I .: - T 

~ ~~ cP1(S) 
~ {1- cos( 2· ff'~ J] + 

.... - .... - ........... - -1 
lei t ~I T 
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F.4 Equivalent mass 

(1) The equivalent mass per unit length me of the fundamental mode is given by Expression (F.14). 

I 

fm(s). C/J1
2 (S) ds 

m =--"-0 ____ _ 
e r (F.14) 

f C/J1
2 (s) ds 

° 
where: 

m is the mass per unit length 

f! is the height or span of the structure or the structural element 

i = 1 is the mode number 

(2) For cantilevered structures with a varying mass distribution me may be approximated by the 
average value of m over the upper third of the structure h3 (see Figure F.1). 

(3) For structures supported at both ends of span .€ with a varying distribution of the mass per unit 

length me may be approximated by the average value of m over a length of e/3 centred at the point in 

the structure in which ~s) is maximum (see Table F.1). 

F.5 Logarithmic decrement of damping 

(1) The logarithmic decrement of damping 5 for fundamental bending mode may be estimated by 
Expression (F .15). 

(F.15) 

where: 

(>s is the logarithmic decrement of structural damping 

5a is the logarithmic decrement of aerodynamic damping for the fundamental mode 

5d is the logarithmic decrement of damping due to special devices (tuned mass dampers, 
sloshing tanks etc.) 

(2) Approximate values of logarithmic decrement of structural damping, 5s , are given in Table F.2. 

(3) The logarithmic decrement of aerodynamic damping 5a, for the fundamental bending mode of 
alongwind vibrations may be estimated by Expression (F .16). 

5 = cf • P . V m (zs ) 
a 2. n

1 
• Jle 

(F.16) 

where: 

Cf is the force coefficient for wind action in the wind direction stated in Section 7. 

Jle is the equivalent mass per unit area of the structure which for rectangular areas given by 
Expression (F.17). 
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Pe 

where 

h b 

f fp(y,z). (jJ1
2 (Y,z) dydz 

00 
h b 

f f<P12 (Y,z) dydz 
00 

p(y,z) is the mass per unit area of the structure 

<P1(y,z) is the mode shape. 

(F.17) 

The mass per unit area of the structure at the point of the largest amplitude of the mode shape is 
normally a good approximation to Pe. 

(4) In most cases the modal deflections 4>(y,z) are constant for each height z and instead of 
Expression (F.16) the logarithmic decrement of aerodynamic damping 8a , for alongwind vibrations may 
be estimated by Expression (F .18). 

8 = cf • p . b . v m (zs ) 
a 2.n

1
.m

e 

(F.18) 

(5) If special dissipative devices are added to the structure, Od should be calculated by suitable 
theoretical or experimental techniques. 
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Table F.2 -Approximate values of logarithmic decrement of structural damping in the 
fundamental mode, Os 

Structural type 
structural damping, 
Os 

reinforced concrete buildings 0,10 

steel buildings 0,05 

mixed structures concrete + steel 0,08 

reinforced concrete towers and chimneys 0,03 
---------- - - - - ------------------- --------------
unlined welded steel stacks without external thermal insulation 0,012 

unlined welded steel stack with external thermal insulation 0,020 

!I- n 0,020 I II/V<-- IQ 

steel stack with one liner with external thermal 20~hlb<24 0,040 
insulationa 

hlb?:. 26 0,014 

hlb <18 0,020 
steel stack with two or more liners with external 

20~hlb<24 0,040 
thermal insulation a 

hlb?:. 26 0,025 

steel stack with internal brick liner 0,070 

steel stack with internal gunite 0,030 

coupled stacks without liner 0,015 

guyed steel stack without liner 0,04 

welded 0,02 
steel bridges 

high resistance bolts 0,03 + lattice steel towers 
ordinary bolts 0,05 

composite bridges 0,04 

concrete bridges 
f;estressed without cracks 0,04 

with cracks 0,10 

Timber bridges 0,06 - 0,12 

Bridges, aluminium alloys 0,02 

Bridges, glass or fibre reinforced plastic 0,04 - 0,08 

cables 
parallel cables 0,006 

spiral cables 0,020 

~NOTE(§] The values for timber and plastic composites are indicative only. In cases where 
aerodynamic effects are found to be significant in the design, more refinded figures are 
needed through specialist advice (agreed if appropriate with the competent Authority. 

~ Note deleted 

a For intermediate values of hlb, linear interpolation may be used 
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ISO 2394 

IE]) ISO 3898 

ISO 8930 

IE]) EN 12811-1 

ISO 12494 
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Foreword 

This document (EN 1991-1-5) has been prepared by Technical Committee 
CEN/TC250 "Structural Eurocodes", the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by 
publication of an identical text or by endorsement, at the latest by May 2004, and 
conflicting national standards shall be withdrawn at the latest by March 2010. 

Annexes A and B are normative. Annexes C and D are informative. 

This document supersedes ENV 1991-2-5: 1997. 

According to the CEN/CENELEC Internal Regulations, the national standards 
organizations of the following countries are bound to implement this European 
Standard: Austria, Belgium, Czech Republic, Denmark, Finland, France, Germany, 
Greece, Hungary, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, 
Portugal, Slovakia, Spain, Sweden, Switzerland and the United Kingdom. 

Background to the Eurocode Programme 

In 1975, the Commission of the European Comn1unities decided on an action 
programme in the field of construction, based on article 95 of the treaty. The 
objective of the programme was the elimination of technical obstacles to trade and 
the harmonization of technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of 
harmonised technical rules for the design of construction works which, in a first 
stage, would serve as an alternative to the national rules in force in the Member 
States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with 
Representatives of Member States, conducted the development of the Eurocodes 
programme, which led to the first generation of European codes in the 1980's. 

In 1989, the COfTIrTlission and the Member States of the EU and EFTA decided, on 
the basis of an agreement between the Commission and CEN, to transfer the 
preparation and the publication of the Eurocodes to CEN through a series of 
mandates, in order to provide them with a future status of European Standard (EN). 
This links de facto the Eurocode with the provisions of all the Council's Directives 
and/or Commission's Decisions dealing with European Standards (e.g. the Council 
Directive 89/106/EEC on construction products - CPD - and Council Directives 
93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and equivalent 
EFTA Directives initiated in pursuit of settings up the internal market). 

The Structural Eurocode prograrTlme comprises the following standards generally 
consisting of a number of Parts: 

4 



BS EN 1991-1-5: 2003 

EN 1991-1-5: 2003 (E) 

EN 1990 
EN 1991 
EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode: 
Eurocode 1: 
Eurocode 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 
Design of steel structures 
Design of composite steel and concrete structures 
Design of timber structures 
Design of nlasonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of aluminium alloy structures 

Eurocode standards recognize the responsibility of regulatory authorities in each 
Member State and have safeguarded their right to determine values related to 
regulatory safety matters at national level where these continue to vary from State to 
State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFTA recognize that Eurocodes serve as 
reference documents for the following purposes: 

as a means of providing compliance of building and civil engineering works with 
the essential requirements of Council Directive 89/106/EEC, particularly Essential 
Requirenlent N°1 - Mechanical resistance and stability - and Essential 
Requirement N°2 - Safety in case of fire; 

- as a basis for specifying contracts for construction works and related engineering 
services; 

- as a framework for drawing up harmonized technical specifications for 
construction products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a 
direct relationship with the Interpretative Documents referred to in Article 12 of the 
CPD, although they are of a different nature from harmonized product standards. 
Therefore, technical aspects arising from the Eurocodes work need to be adequately 
considered by CEN Technical Committees and/or EOTA Working Groups working on 
product standards with a view to achieving a full compatibility of these technical 
specifications with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use 
for the design of whole structures and component products of both a traditional and 
an innovative nature. Unusual forms of construction design conditions are not 
specifically covered and additional expert consideration will be required by the 
designer in such cases. 
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National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of the 
Eurocode (including any annexes), as published by CEN, which may be preceded by 
a National title page and National foreword, and may be followed by a National annex 
(informative ). 

The National annex (informative) may only contain information on those parameters 
which are left open in the Eurocode for national choice, known as Nationally 
Determined parameters, to be used for the design of buildings and civil engineering 
works to be constructed in the country concerned, Le.: 

values and/or classes where alternatives are given in the Eurocode, 
values to be used where a symbol only is given in the Eurocode, 
country specific data (geographical, climatic, etc.), e.g. snow map, 

- the procedure to be used where alternative procedures are given in the EN 
Eurocode. 

It may also contain 
- decisions on the application of informative annexes, 

references to non-contradictory complenlentary information to assist the user to 
apply the Eurocode. 

Links between Eurocodes and product harmonized technical specifications 
(ENs and ETAs) 

There is a need for consistency between the harmonized technical specifications for 
construction products and the technical rules for works. Furthermore, all the 
information accompanying the CE Marking of the construction products which refer to 
Eurocodes should clearly mention which Nationally Determined Parameters have 
been taken into account. 

Additional information specific to EN 1991-1-5 

EN 1991-1-5 gives design guidance for thermal actions arising from climatic and 
operational conditions on buildings and civil engineering works. 

Information on thermal actions induced by fire is given in EN 1991-1-2. 

EN 1991-1-5 is intended for clients, designers, contractors and relevant authorities. 

EN 1991-1-5 is intended to be used with EN 1990, the other Parts of EN 1991 and 
EN 1992-1999 for the design of structures. 

In the case of bridges, the National annexes specify whether the general non-linear 
or the simplified linear temperature components should be used in design 
calculations. 
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In the case of chimneys, references should be made to EN 13084-1 for thermal 
actions from operating processes. 

National annex for EN 1991-1-5 

This standard gives alternative procedures, values and recommendations for classes 
with notes indicating where national choices may have to be made. Therefore the 
National Standard implementing EN 1991-1-5 should have a National annex 
containing all Nationally Determined Parameters to be used for the design of 
buildings and civil engineering works to be constructed in the relevant country. 

National choice is allowed in EN 1991-1-5 through clauses: 

- 5.3(2) (Tables 5.1, 5.2 and 5.3) 
- 6.1.1 (1) 
- 6.1.2(2) 
- 6.1.3.1(4) 

~ - 6.1.3.2(1)P @i1 
- 6.1.3.3(3) 
- 6.1.4(3) 
- 6.1.4.1(1) 
- 6.1.4.2(1) 
- 6.1.4.3(1) 
- 6.1.4.4(1) 
-6.1.5(1) 
- 6.1.6(1) 
- 6.2.1(1)P 
- 6.2.2(1) 
- 6.2.2(2) 

~- 7.2.1 (1 )P@i1 
- 7.5(3) 
- 7.5(4) 
- A.1 (1) 
- A.1 (3) 
- A.2(2) 

B(1) (Tables B.1, B.2 and B.3) 

7 



85 EN 1991-1-5: 2003 

EN 1991-1-5: 2003 (E) 

Section 1 General 

1.1 Scope 

(1) EN 1991-1-5 gives principles and rules for calculating thermal actions on 
buildings, bridges and other structures including their structural elements. Principles 
needed for cladding and other appendages of buildings are also provided. 

(2) This Part describes the changes in the temperature of structural elements. 
Characteristic values of thermal actions are presented for use in the design of 
structures which are exposed to daily and seasonal climatic changes. Structures not 
so exposed may not need to be considered for thermal actions. 

(3) Structures in which thermal actions are mainly a function of their use (e.g. cooling 
towers, silos, tanks, warm and cold storage facilities, hot and cold services etc) are 
treated in Section 7. Chimneys are treated in EN 13084-1. 

1.2 Normative references 

This European Standard incorporates, by dated or undated reference, provIsions 
from other publications. These normative references are cited at the appropriate 
places in the text and the publications are listed hereafter. For dated references, 
subsequent amendments to or revisions of any of these publications apply to this 
European Standard only when incorporated in it by amendment or revision. For 
undated references the latest edition of the publication referred to applies (including 
amendments ). 

EN 1990:2002 Eurocode: Basis of structural design 

prEN 1991-1-6 Eurocode 1: Actions on structures 
Part 1.6: General actions - Actions during execution 

EN 13084-1 Free-standing industrial chimneys 
Part 1: General requirements 

ISO 2394 General principles on reliability for structures 

ISO 3898 Bases of design of structures - Notations. General symbols 

ISO 8930 General principles on reliability for structures. List of equivalent terms 

1.3 Assumptions 

(1)P The general assumptions of EN 1990 also apply to this Part. 
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1.4 Distinction between principles and application rules 

(1 )P The rules in EN 1990:2002, 1.4 also apply to this Part. 

1.5 Terms and definitions 

For the purposes of this European Standard, the definitions given in EN 1990, 
ISO 2394, ISO 3898 and ISO 8930 and the following apply. 

1.5.1 
thermal actions 
thermal actions on a structure or a structural element are those actions that arise 
from the changes of temperature fields within a specified time interval 

1.5.2 
shade air temperature 
the shade air temperature is the temperature measured by thermometers placed in a 
white painted louvred wooden box known as a "Stevenson screen" 

1.5.3 
maximum shade air temperature Tmax 

value of maximum shade air temperature with an annual probability of being 
exceeded of 0,02 (equivalent to a mean return period of 50 years), based on the 
maximum hourly values recorded 

1.5.4 
minimum shade air temperature Tmin 

value of minimum shade air terrlperature with an annual probability of being 
exceeded of 0,02 (equivalent to a nlean return period of 50 years), based on the 
minimum hourly values recorded 

1.5.5 
initial temperature To 
the temperature of a structural element at the relevant stage of its restraint 
(completion) 

1.5.6 
cladding 
the part of the building which provides a weatherproof membrane. Generally cladding 
will only carry self weight and/or wind actions 

1.5.7 
uniform temperature component 
the temperature, constant over the cross section, which governs the expansion or 
contraction of an element or structure (for bridges this is often defined as the 
"effective" terrlperature, but the term "uniform" has been adopted in this part) 

9 



BS EN 1991-1-5: 2003 

EN 1991-1-5: 2003 (E) 

1.5.8 
temperature difference component 
the part of a temperature profile in a structural element representing the temperature 
difference between the outer face of the element and any in-depth point 

1.6 Symbols 

(1) For the purposes of this Part of Eurocode 1, the following symbols apply_ 

NOTE: The notation used is based on ISO 3898 

(2) A basic list of notations is provided in EN 1990, and the additional notations below 
are specific to this Part. 

Latin upper case letters 

R 

Rout 

Tmax 

Tmin 

Tmax,p 

Tmin,p 

T e.max 

Te.min 

To 

7in 

Tout 

10 

thermal resistance of structural element 

thermal resistance at the inner surface 

thermal resistance at the outer suliace 

maximum shade air temperature with an annual probability of being 
exceeded of 0,02 (equivalent to a mean return period of 50 years) 

minimum shade air temperature with an annual probability of being 
exceeded of 0,02 (equivalent to a mean return period of 50 years) 

maximum shade air temperature with an annual probability of being 
exceeded p (equivalent to a mean return period of 1/p) 

minimum shade air temperature with an annual probability of being 
exceeded p (equivalent to a mean return period of 1/p) 

maximum uniform bridge temperature component 

minimum uniform bridge temperature component 

initial temperature when structural element is restrained 

air temperature of the inner environment 

temperature of the outer environment 

values of heating (cooling) temperature differences 



I1Tu 

11 7iVl,heat 

11 TM,cool 

I1T 

uniforn1 temperature component 
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maximum expansion range of uniform bridge temperature component 

(Te.max 2 To) 

maximum contraction range of uniform bridge temperature component 
(To 2 Te.min ) 

overall range of uniform bridge temperature component 

linear temperature difference component 

linear temperature difference component (heating) 

linear temperature difference component (cooling) 

non-linear part of the temperature difference component 

sum of linear temperature difference component and non-linear part of 
the ten1perature difference component 

temperature difference between different parts of a structure given by 
the difference of average temperatures of these parts 

Latin lower case letters 

h height of the cross-section 

k1,k2 coefficients for calculation of maximum (rrlinimum) shade air 
k3,k4 temperature with an annual probability of being exceeded, p, other than 

0,02 

ksur surfacing factor for linear temperature difference component 

p annual probability of maximum (minimum) shade air temperature being 
exceeded (equivalent to a mean return period of 1/p years) 

u,c mode and scale parameter of annual maximum (minimum) 
shade air temperature distribution 

Greek lower case letters 

coefficient of linear expansion (1rC) 

thermal conductivity 
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12 

reduction factor of uniform temperature component for combination 
with temperature difference component 

reduction factor of temperature difference component for combination 
with uniform temperature component 



Section 2 Classification of actions 

BS EN 1991-1-5: 2003 

EN 1991-1-5: 2003 (E) 

(1)P Thermal actions shall be classified as variable and indirect actions, see EN 
1990:2002, 1.5.3 and 4.1 .1. 

(2) All values of thermal actions given in this Part are characteristic values unless it is 
stated otherwise. 

(3) Characteristic values of thermal actions as given in this Part are values with an 
annual probability of being exceeded of 0,02, unless otherwise stated, e.g. for 
transient design situations. 

NOTE: For transient design situations, the related values of thermal actions may be derived 
using the calculation method given in A.2. 
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Section 3 Design situations 

(1 )P Thermal actions shall be determined for each relevant design situation identified 
in accordance with EN 1990. 

NOTE: Structures not exposed to daily and seasonal climatic and operational temperature 
changes may not need to be considered for thermal actions. 

(2)P The elements of loadbearing structures shall be checked to ensure that thernlal 
movement will not cause overstressing of the structure, either by the provision of 
movement joints or by including the effects in the design. 
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Section 4 Representation of actions 

(1) Daily and seasonal changes in shade air temperature, solar radiation, re
radiation, etc., will result in variations of the tenlperature distribution within individual 
elenlents of a structure. 

(2) The magnitude of the thermal effects will be dependent on local climatic 
conditions, together with the orientation of the structure, its overall mass, finishes 
(e.g. cladding in buildings), and in the case of building structures, heating and 
ventilation regimes and thermal insulation. 

(3) The temperature distribution within an individual structural element may be split 
into the following four essential constituent components, as illustrated in Figure 4.1 : 

a) A uniform temperature component, /). Tu ; 

b) A linearly varying tenlperature difference component about the z-z axis, /). TMy ; 

c) A linearly varying temperature difference component about the y-y axis, /). TMZ ; 

d) A non-linear temperature difference component, /). TE• This results in a system of 
self-equilibrated stresses which produce no net load effect on the element. 

(a) (b) (c) (d) 

-.-

gravity 

Figure 4.1: Diagrammatic representation of constituent components of a 
temperature profile 

(4) The strains and therefore any resulting stresses, are dependent on the geometry 
and boundary conditions of the element being considered and on the physical 
properties of the material used. When materials with different coefficients of linear 
expansion are used compositely the thermal effect should be taken into account. 

(5) For the purpose of deriving thermal effects, the coefficient of linear expansion for 
a material should be used. 
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NOTE: The coefficient of linear expansion for a selection of commonly used materials is 
given in annex C. 
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Section 5 Temperature changes in buildings 

5.1 General 

(1)P Thermal actions on buildings due to climatic and operational ten1perature 
changes shall be considered in the design of buildings where there is a possibility of 
the ultimate or serviceability limit states being exceeded due to thermal movement 
and/or stresses. 

NOTE 1: Volume changes and/or stresses due to temperature changes may also be 
influenced by: 

a) shading of adjacent buildings, 

b) use of different materials with different thermal expansion coefficients and heat transfer, 

c) use of different shapes of cross-section with different uniform temperature. 

NOTE 2: Moisture and other environmental factors may also affect the volume changes of 
elements. 

5.2 Determination of temperatures 

(1) Thermal actions on buildings due to climatic and operational ten1perature 
changes should be determined in accordance with the principles and rules provided 
in this Section taking into account national (regional) data and experience. 

(2)P The climatic effects shall be determined by considering the variation of shade air 
temperature and solar radiation. Operational effects (due to heating, technological or 
industrial processes) shall be considered in accordance with the particular project. 

(3)P In accordance with the temperature corrlponents given in Section 4, climatic and 
operational thermal actions on a structural elen1ent shall be specified using the 
following basic quantities: 

a) A uniform terrlperature corrlponent L1Tu given by the difference between the 

average temperature T of an element and its initial temperature To' 

b) A linearly varying temperature component given by the difference L1TM between 

the temperatures on the outer and inner surfaces of a cross section, or on the 
surfaces of individual layers. 

c) A temperature difference LlTp of different parts of a structure given by the 

difference of average temperatures of these parts. 

NOTE: Values of L1 T M and L1 Tp may be provided for the particular project. 

(4) In addition to L1Tu' L1~~ and L1Tp' local effects of thermal actions should be 

considered where relevant (e.g. at supports or fixings of structural and cladding 
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elenlents). Adequate representation of thermal actions should be defined taking into 
account the location of the building and structural detailing. 

(5) The uniform temperature component of a structural element L1Tu is defined as: 

flT =T-T 
u 0 

(5.1 ) 

where: 

T is an average temperature of a structural element due to climatic tenlperatures 
in winter or summer season and due to operational terrlperatures. 

(6) The quantities ATu , ATM, ATp, and T should be determined in accordance with the 
principles provided in 5.3 using regional data. When regional data are not available, 
the rules in 5.3 may be applied. 

5.3 Determination of temperature profiles 

(1) The temperature T in Expression (5.1) should be determined as the average 
temperature of a structural element in winter or summer using a temperature profile. 
In the case of a sandwich element T is the average temperature of a particular layer. 

NOTE 1: Methods of the thermal transmission theory are indicated in annex D. 

NOTE 2: When elements of one layer are considered and when the environmental conditions 
on both sides are similar, T may be approximately determined as the average of inner and 
outer environment temperature T and T t' 

In ou 

(2) The temperature of the inner environment, ~n ' should be determined in 
accordance with Table 5.1. The temperature of the outer environment, T t ' should 

au 

be determined in accordance with: 

a) Table 5.2 for parts located above ground level, 

b) Table 5.3 for underground parts. 

NOTE: The temperatures T t for the summer season as indicated in Table 5.2 are 
ou 

dependent on the surface absorptivity and its orientation: 

- the maximum is usually reached for surfaces facing the west, south-west or for horizontal 
surfaces, 

the minimum (in °c about half of the maximum) for surfaces facing the north. 
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Table 5.1: Indicative temperatures of inner environment T. 
In 

Season Temperature 7in 
Summer T1 
Winter T2 

NOTE: Values for T1 and T2 may be specified in the National Annex. When no data are 

available the values T1 = 20°C and T2 = 25°C are recommended. 

Table 5.2: Indicative temperatures T t for buildings above the ground level ou 
Season Significant factor Temperature T t in DC 

ou 

Relative 0,5 T +T 
absorptivity bright light surface 

max 3 

Summer depending on 0,7 T +T 
surface colour light coloured surface 

max 4 

0,9 T + Tr: 
max 

dark surface 
Winter T. 

min 

NOTE: Values of the maximum shade air temperature Tmax' minimum shade air shade 

temperature T
min

, and solar radiation effects T3, T4, and T5 may be specified in the National 

Annex. If no data are available for regions between latitudes 45°N and 55°N the values T3 

= O°C, T4 = 2°C, and Ts = 4°C are recommended, , for North-East facing elements and T3 

= 18°C, T4 = 30°C, and T5 = 42°C for South-West or horizontal facing elements. 

Table 5.3: Indicative temperatures Tout for underground parts of buildings 

Season Depth below the g round level • Temperature T t in °c 
ou 

Summer Less than 1 m T6 
More than 1 m T7 

Winter Less than 1 m T8 

More than 1 m Tg 

NOTE: Values T6, T7, T81 and Tg may be specified in the National Annex. If no data are 

available for regions between latitudes 45°N and 55°N the values T6 = 8°C, T7 = 5°C, T8 

= -5°C and Tg = -3°C are recommended. 
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Section 6 Temperature changes in bridges 

6.1 Bridge decks 

6.1.1 Bridge deck types 

(1) For the purposes of this Part, bridge decks are grouped as follows: 

Type 1 

Type 2 

Type 3 

Steel deck: 

Composite deck 

Concrete deck: 

NOTE 1: See also Figure 6.2. 

- steel box girder 
- steel truss or plate girder 

- concrete slab 
- concrete beam 
- concrete box girder 

NOTE 2: The National Annex may specify values of the uniform temperature component and 
the temperature difference component for other types of bridges. 

6.1.2 Consideration of thermal actions 

(1) Representative values of thermal actions should be assessed by the uniform 
temperature component (see 6.1.3) and the temperature difference components (see 
6.1.4). 

(2) The vertical temperature difference COITlpOnent given in 6.1.4 should generally 
include the non-linear component, see 4(3). Either Approach 1 (see 6.1.4.1) or 
Approach 2 (see 6.1.4.2) should be used. 

NOTE: The selection of the approach to be used in a Country may be found in its National 
Annex. 

(3) Where a horizontal temperature difference needs to be considered a linear 
temperature difference component may be assumed in the absence of other 
information (see 6.1.4.3). 

6.1.3 Uniform temperature component 

6.1.3.1 General 

(1) The uniform temperature component depends on the minimum and maximum 
temperature which a bridge will achieve. This results in a range of uniform 
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temperature changes which, in an unrestrained structure would result in a change in 
element length. 

(2) The following effects should be taken into account where relevant: 

Restraint of associated expansion or contraction due to the type of construction 
(e.g. portal frame, arch, elastomeric bearings); 

- Friction at roller or sliding bearings; 

Non-linear geometric effects (2nd order effects); 

For railway bridges the interaction effects between the track and the bridge due 
to the variation of the temperature of the deck and of the rails may induce 
supplementary horizontal forces in the bearings (and supplementary forces in the 
rails). 

NOTE: For more information, see EN 1991-2. 

(3}P Minimum shade air temperature (Tmin) and maximum shade air temperature 
(Tmax) for the site shall be derived from isotherms in accordance with 6.1.3.2. 

(4) The rrlinimum and maximum uniform bridge temperature components Te.min and 
Te.max should be determined. 

NOTE: The National Annex may specify Te.min and Te.max. Figure 6.1 below gives 
recommended values. 
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~ 

T e,max 

°C 
min 

maximum 70 

60 

50 -

40 

30 

20 

10 
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-30 I--h'-I--+I~+-----!--

3 

minimum -50 ~--...... - ...... ------....... ----...... - ...... - ...... °C 
-50 -40 -30 -20 -10 o 10 20 30 40 50 

k,max '£1'JX + 4 
k.m<lx = 2 

NOTE 1: The values in Figure 6.1 are based on daily temperature ranges of 1 aoc. Such a 
range may be considered appropriate for most Member States. 

NOTE 2: For steel truss and plate girders the maximum values given for type 1 may be 
reduced by 3°C. 

Figure 6.1: Correlation between minimum/maximum shade air temperature 
(T min/T max) and minimum/maximum uniform bridge temperature component 
(T e.min/T e.max) 

6.1.3.2 Shade air temperature 

(1)P Characteristic values of minimum and maximum shade air temperatures for the 
site location shall be obtained, e.g. from national maps of isotherms. 
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NOTE: Information (e.g. maps of isotherms) on minimum and maximum shade air 
temperatures to be used in a Country may be found in its National Annex. 

(2) These characteristic values should represent shade air temperatures for mean 
sea level in open country with an annual probability of being exceeded of 0,02. For 
other annual probabilities of being exceeded (p other than 0,02), height above sea 
level and local conditions (e.g. frost pockets) the values should be adjusted in 
accordance with annex A. 

(3) Where an annual probability of being exceeded of 0,02 is deemed inappropriate, 
the minimum shade air temperatures and the maximum shade air temperatures 
should be modified in accordance with annex A. 

6.1.3.3 Range of uniform bridge temperature component 

(1)P The values of minimum and maximum uniform bridge temperature components 
for restraining forces shall be derived from the minimum (Tmin) and maximum (Tmax) 
shade air temperatures (see 6.1.3.1 (3) and 6.1.3.1 (4)). 

(2) The initial bridge temperature To at the time that the structure is restrained may be 
taken from annex A for calculating contraction down to the minimum uniform bridge 
ten~lperature component and expansion up to the maxirrlum uniform bridge 
temperature component. 

(3) Thus the characteristic value of the maximum contraction range of the uniform 
bridge temperature component, ~ TN,con should be taken as 

~ TN ,con = To - Te.min (6.1 ) 

and the characteristic value of the maximum expansion range of the uniform bridge 
temperature component, ~ TN,exp should be taken as 

~ TN,exp = Te .max - To 

NOTE 1: The overall range of the uniform bridge temperature component is 
~ TN = Te.max - Te.min 

(6.2) 

NOTE 2: For bearings and expansion joints the National Annex may specify the maximum 
expansion range of the uniform bridge temperature component, and the maximum contraction 
range of the uniform bridge temperature component, if no other provisions are required. 
The recommended values are (~ TN,exp + 20) °C and (~T N,con. + 20tC, respectively. If the 
temperature at which the bearings and expansion joints, are set is specified, then the 
recommended values are (~ TN,exp + 10tC and (~ TN,con. + 10) °C, respectively. @il 

NOTE 3: For the design of bearings and expansion joints, the values of the coefficient of 
expansion given in annex C, Table C.1 may be modified if alternative values have been 
verified by tests or more detailed studies. 
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6.1.4 Temperature difference components 

(1) Over a prescribed time period heating and cooling of a bridge deck's upper 
surface will result in a maximum heating (top surtace warmer) and a maximum 
cooling (bottom surface warmer) temperature variation. 

(2) The vertical temperature difference may produce effects within a structure due to: 

~ Restraint of free curvature due to the form of the structure (e.g. portal frame, 
continuous beams etc.); 

Friction at rotational bearings; 

Non-linear geometric effects (2nd order effects). 

(3) In the case of cantilever construction an initial temperature difference may need 
to be taken into account at the closure of the cantilever. 

NOTE: Values of the initial temperature difference may be specified in the National Annex. 

6.1.4.1 Vertical linear component (Approach 1) 

(1) The effect of vertical temperature differences should be considered by using an 
equivalent linear temperature difference component (see 6.1.2(2))with L1 TM,heat and 
L1 TM,cool' These values should be applied between the top and the bottom of the bridge 
deck. 

NOTE: Values of L1 TM,heat and L1 TM,CQol to be used in a Country may be found in its National 
Annex. Recommended values for L1 TM,heat and L1 TM,cOOI are given in Table 6.1. 
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Table 6.1: Recommended values of linear temperature difference component 
for different types of bridge decks for road, foot and railway bridges 

Top warmer than bottom Bottom warmer than top 
Type of Deck 

~ TM,heat (OC) ~ T M,cool (OC) 

Type 1: 
Steel deck 18 13 

Type 2: 
Composite deck 15 18 

Type 3: 
Concrete deck: 
- concrete box girder 10 5 
- concrete beam 15 8 
- concrete slab 15 8 

NOTE 1: The values given in the table represent upper bound values of the linearly 
varying temperature difference component for representative sample of bridge geometries. 

NOTE 2: The values given in the table are based on a depth of surfacing of 50 mm for 
road and railway bridges. For other depths of surfacing these values should be multiplied 
by the factor ksur. Recommended values for the factor ksur is given in Table 6.2. 
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Table 6.2: Recommended values of ksur to account for different surfacing 
thickness 

Road, foot and railway bridges 

Type 1 Type 2 Type 3 

Surface Bottom Bottom Bottom 
Thickness Top warmer 

warmer 
Top warmer 

warmer 
Top warmer 

warmer 
than bottom 

than top 
than bottom 

than top 
than bottom 

than top 

[mm] ksur ksur ksur ksur ksur ksur 

unsurfaced 0,7 0,9 0,9 1,0 0,8 1,1 

water-
1,6 0,6 1,1 0,9 1,5 1,0 proofed 1) 

50 1,0 1,0 1,0 1,0 1,0 1,0 

100 0,7 1,2 1,0 1,0 0,7 1,0 

150 0,7 1,2 1,0 1,0 0,5 1,0 

ballast 
0,6 1,4 0,8 1,2 0,6 1,0 

(750 mm) 

1) These values represent upper bound values for dark colour 

6.1.4.2 Vertical tenlperature components with non-linear effects (Approach 2) 

(1) The effect of the vertical temperature differences should be considered by 
including a non-linear temperature difference component (see 6.1.2.2). 

~ NOTE 1: Values of vertical temperature differences for bridge decks to be used in a Country 
may be found in its National Annex. Recommended values are given in Figures 6.2a - 6.2c and 
are valid for 40 mm surfacing depths for deck type 1 and 100 mm for deck types 2 and 3. For 
other depths of surfacing see Annex B.ln these figures "heating" refers to conditions such that 
solar radiation and other effects cause a gain in heat through the top surface of the bridge deck. 
Conversely, "cooling" refers to conditions such that heat is lost from the top surface ofthe bridge 
deck as a result of re-radiation and other effects. @1] 

NOTE 2: The temperature difference L1 T incorporates L1 T M and L1 T E (see 4(3)) together with a 
small part of component L1 T N; this latter part is included in the uniform bridge temperature 
component (see 6.1.3). 

26 



BS EN 1991-1-5: 2003 

EN 1991-1-5: 2003 (E) 

Type of Construction 
Temperature Difference (.~ T) 

(a) Heating 

~±-f-r--~_ ~T, r 40mm surfacing 

\ = ZJh 
~T, 24'( 

O.lm ~T,= 14'( 
O.2m ~Tl= 8'( 

1 a. Steel deck on steel girders O.3m ~T4= 4'( 

~Tl r 40mm surfacing h, 

T~h 
1 b. Steel deck on steel truss or h 1 = O.5m ~ T, = 21 '( 
plate girders 

Figure 6.2a: Temperature differences for bridge decks Type 1 : Steel Decks 
*Note: The temperature difference ~ T incorporates ,~TM and I.\T E (see 4.3) together with small part of component ~T" : 

this latter part has been included in the uniform bridge temperature component (see 6.1.3). 

(b) Cooling 

~ T I ..,-----'--y-----. 

h 

~T, =-6'( h,=O.5m 

~T, 
hi 

~T,=-5'( h.=O.lm 
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Temperature Difference (l~n 
Type of Construction 

L.:.mmSUrfaCing 

I;;':"~:":i;;j~ h 

3a. Concrete slab 

Lm surfacing 

h:'n'J:E;~~} 

3b. Concrete beams 

L 100mm surfacing 

";'C"d]h 
3c. Concrete boxqirder 

(a) Heating 

h~fiT: 
h) AT) 

h =0.3hbuts:0.1Sm 
h
'
=O.3h but;?'0.10m 

, but:o;O.2Sm 
h. = O.3h but :o;(O.lOm + 
s~rfacing depth in metres) 
(for thin slabs, h, is limited 
by h - h,- h,) 

AT, 1!1T, ATJ 
'( 

:0;0.2 8.5 3.5 0.5 

0.4 12.0 3.0 1.5 

0.6 13.0 3.0 2.0 

~O.S no 3.0 2.5 

Figure 6.2c: Temperature djfferences for bridge decks -Type 3: Concrete Decks 
*Note: The temperature difference !J. T incorporates !J.l;A and !J. TE (see 4.3) together with a small part of component!J. T,,: 

this latter part has been included in the uniform bridge temperature component (see 6.1.3), 

Cooling 

fiT:)jh: !1T, h, 

-ih: LJ h. AT, 

h = h, = O.20h but ::;0.25 m 

h:=h,=O.25h but;:::0.20m 

!1Tl AT, !1T, 
'c 

:0;0.2 -2.0 -0.5 -0.5 
0.4 -4.5 -1.4 -1.0 
0.6 -6.5 -1.8 -1.5 
O.S -7.6 -1.7 -1.5 
1.0 -S.O -1.5 -1.5 

;?1.5 -8.4 -0.5 -1.0 

I !1T. 

-1.5 
-3.5 
-5.0 
-6.0 
-6.3 
-6.5 
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6.1.4.3 Horizontal components 

(1) In general, the temperature difference component need only be considered in the 
vertical direction. In particular cases however (for example when the orientation or 
configuration of the bridge results in one side being more highly exposed to sunlight 
than the other side), a horizontal temperature difference component should be 
considered. 

NOTE: The National annex may specify numerical values for the temperature difference. If 
no other information is available and no indications of higher values exist, 5°C may be 
recommended as a linear temperature difference between the outer edges of the bridge 
independent of the width of the bridge. 

6.1.4.4 Temperature difference components within walls of concrete box 
girders 

(1) Care should be exercised in the design of large concrete box girder bridges 
where significant temperature differences can occur between the inner and outer web 
walls of such structures. 

NOTE: The National annex may specify numerical values for the temperature difference. The 
recommended value for a linear temperature difference is 15°C. 

6.1.5 Simultaneity of uniform and temperature difference components 

(1) If it is necessary to take into account both the temperature difference ~ TM,heat (or 
~ T M,cOOI) and the maximum range of uniform bridge temperature component ~ TN,exp 

(or ~ TN,con) assuming simultaneity (e.g. in case of frame structures) the following 
expression may be used (which should be interpreted as load combinations): 

or 

where the most adverse effect should be chosen. 

(6.3) 

(6.4) 

NOTE 1: The National annex may specify numerical values of (ON and (OM. If no other 
information is available, the recommended values for (ON and (OM are: 

= 0,35 

= 0,75. 

NOTE 2: Where both linear and non-linear vertical temperature differences are used (see 
6.1.4.2) I1TM should be replaced by I1Twhich includes I1TM and I1TE • 
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6.1.6 Differences in the uniform temperature component between different 
structural elements 

(1) In structures where differences in the uniform temperature component between 
different element types may cause adverse load effects, these effects should be 
taken into account. 

NOTE: The National annex may give values for the differences in the uniform temperature 
component. Recommended values are: 

15°C between main structural elements (e.g. tie and arch); and 

10°C and 20°C for light and dark colour respectively between suspension/stay 
cables and deck (or tower). 

(2) These effects should be considered in addition to the effects resulting from a 
uniform ternperature component in all elenlents, determined from 6.1.3. 

6.2 Bridge Piers 

6.2.1 Consideration of thermal actions 

(1)P Temperature differences between the outer faces of bridge piers, hollow or 
solid, shall be considered in the design. 

NOTE: The design procedure to be used in a Country may be found in its National annex. If 
no procedure is given an equivalent linear temperature difference may be assumed. 

(2) Overall temperature effects of piers should be considered, when these can lead to 
restraining forces or movements in the surrounding structures. 

6.2.2 Temperature differences 

(1) For concrete piers (hollow or solid), the linear temperature differences between 
opposite outer faces should be taken into account. 

NOTE: The National annex may specify values for linear temperature differences. In the 
absence of detailed information the recommended value is 5°C. 

(2) For walls the linear temperature differences between the inner and outer faces 
should be taken into account. 

NOTE 1: The National annex may specify values for linear temperature differences. In the 
absence of detailed information the recommended value is 1SoC. 

NOTE 2: When considering temperature differences for metal columns specialist advice may 
need to be obtained. 
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Section 7 Temperature changes in industrial chimneys, pipelines, 
silos, tanks and cooling towers 

7.1 General 

(1)P Structures which are in contact with gas flow, liquids or material with different 
temperatures (e.g. industrial chimneys, pipelines, silos, tanks and cooling towers) 
shall be designed where relevant for the following conditions: 

- thermal actions from climatic effects due to the variation of shade air temperature 
and solar radiation, 

- terrlperature distribution for normal and abnormal process conditions, 

- effects arising from interaction between the structure and its contents during 
thermal changes (e.g. shrinkage of the structure against stiff solid contents or 
expansion of solid contents during heating or cooling). 

NOTE 1: Values of the operating process temperature may be obtained from the particular 
project. 

NOTE 2: For the operating process temperatures of chimneys see EN 13084-1. 

NOTE 3: Containment structures may be subjected to thermally induced changes in shape 
arising from heating/cooling effects of either the contents or their surrounding external 
environment. 

NOTE 4: No further guidance on the effect of shrinkage against stiff solid contents is given in 
this standard. See EN 1991-4 for this effect in silos. 

7.2 Temperature components 

7.2.1 Shade air temperature 

(1)P Values of minimum and maximum shade air temperatures for the site location 
shall be obtained, e.g. from national maps of isotherms. 

NOTE: Information (e.g. maps of isotherms) on minimum and maximum shade air 
temperatures to be used in a Country may be found in its National annex. 

(2) These shade air temperatures should be appropriate to nlean sea level in open 
country with an annual probability of being exceeded of 0,02. annex A includes 
adjustments for other values of probabilities, height above sea level and local 
conditions e.g. frost pockets. 

(3) For circumstances where an annual probability of being exceeded of 0,02 is 
deemed inappropriate, e.g. during execution (see EN 1991-1-6 "Actions during 
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execution"), the values of minimum (or maximum) shade air temperature should be 
modified in accordance with annex A. 

7.2.2 Flue gas, heated liquids and heated materials temperature 

(1) Values of maximum and minimum flue gas, liquids and materials with different 
temperatures should be specified for the particular project. 

7.2.3 Element temperature 

(1) The derivation of values of element temperature will depend on the material 
configuration, orientation and location of the element and will be a function of the 
maximum and minimum shade air temperature, the external solar radiation, and the 
internal operating temperature. 

NOTE: General rules for the determination of temperature profiles are given in annex D. See 
also 7.5. 

7.3 Consideration of temperature components 

(1)P Both the uniform temperature component of the temperature distribution (see 
Figure 4.1 (a)) and the linearly varying temperature difference component (see 
Figure 4.1 (b)) shall be considered for each layer. 

(2)P The effect of solar radiation shall be considered in the design. 

(3) This effect may be approximated by a step temperature distribution round the 
structure's circumference. 

(4)P The uniform tenlperature component and the linearly varying temperature 
difference component due to process temperature shall be considered for each layer. 

7.4 Determination of temperature components 

(1)P The uniform and linearly varying temperature components shall be determined 
taking into account climatic effects and operating conditions. 

(2) If specific information on how the element temperature can be correlated with the 
solar radiation and shade air temperature is available in order to provide values of 
element temperature, such information should be used to provide design values. 

(3)P Values of the uniform temperature component from heated gas flow, liquids and 
heated materials shall be taken from the project specification. As far as chimneys are 
concerned these values shall be obtained from EN 13084-1. 

(4)P The linearly varying temperature difference component in the wall or its layers 
shall be taken as arising from the difference between the minirrlum (or maximum) 
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shade air temperature on the outer face and the value of the liquid or gas 
temperature on the inner face, taking into account insulation effects. 

NOTE: Temperature profiles may be determined using annex D. 

7.5 Values of temperature components (indicative values) 

(1) In the absence of any specific information on characteristic values of the element 
temperature, the following indicative values may be used. 

NOTE: These values may be checked against any available data to ensure that they are 
likely to be upper bound values, for the location and the type of element under consideration. 

(2) Values of the maximum and minimum uniform temperature component should be 
taken as those of the maximum and minirrlum shade air temperature (see 7.2.1). 

(3) For concrete pipelines the linear temperature difference component between the 
inner and outer faces of the wall should be considered. 

NOTE 1: The National annex may specify the values for the linear temperature difference 
component. The recommended value is 15°C. 

NOTE 2: For chimneys see EN 13084-1. 

(4) For concrete pipelines a stepped temperature component round the 
circumference (causing both overall and local thermal effects) should be considered 
on the basis that one quadrant of its circumference has a mean temperature higher 
than that of the remainder of the circumference. 

NOTE: The value of the difference of temperature may be given in the National annex. The 
recommended value is 15°C. 

(5) When considering steel pipelines, the linear temperature difference corrlponent 
and stepped temperature component round the structure's circumference should be 
calculated taking into account the operating conditions as set down in the particular 
project 

NOTE: The rules for steel chimneys are given in EN 13084-1. 

7.6 Simultaneity of temperature components 

(1) When considering thermal actions due to climatic effects only, the following 
components take account of simultaneity: 

a) uniform temperature component (see 7.5 (2) and Figure 7.1 (a)); 

b) stepped temperature component (see 7.5 (4) and Figure 7.1 (b)); 
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c) the linear temperature difference component between the inner and the outer 
faces of the wall (see 7.5 (3) and Figure 7.1 (c)). 

(2) When considering a combination of thermal actions due to climatic effects with 
those due to process effects (heated gas flow, liquids or heated materials) the 
following corrlponents should be combined: 

uniform temperature corrlponent (see 7.4 (3)); 

linear temperature difference component (see 7.4 (4)); 

- stepped component (see 7.5 (4)). 

(3) The stepped temperature component should be considered to act simultaneously 
with wind. 

Key 

ouler I1lCe 

inner 
wanner 

a Uniform temperature component 

(a) Uniform temperature 

component 

(b) Stepped temperature 
component round the 

circumference 

(c) Linear temperature difference 
component between the inner 

and the outer faces of the wall 

b Stepped temperature component round the circumference 
c Linear temperature difference component between the inner and the outer faces 

of the wall 
1 Outer face warmer 
2 Inner face warmer 

Figure 7.1: Relevant temperature components for pipelines, silos, tanks and 
cooling towers 
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AnnexA 
(Normative) 

Isotherms of national minimum and maximum shade air 
temperatures 

A.1 General 

(1) The values of both annual minimum and annual maxirnum shade air temperature 
represent values with an annual probability of being exceeded of 0,02. 

NOTE 1: I nformation (e.g. maps or tables of isotherms) on both annual minimum and annual 
maximum shade air temperature to be used in a Country may be found in its National annex. 

NOTE 2: These values may need to be adjusted for height above sea level. The adjustment 
procedure is given in the National annex. If no information is available the values of shade air 
temperature may be adjusted for height above sea level by subtracting 0,5°C per 100 m 
height for minimum shade air temperatures and 1,0°C per 100 m height for maximum shade 
air temperatures. 

(2) In locations where the minimum values diverge from the values given, such as 
frost pockets and sheltered low lying areas where the minimum may be substantially 
lower, or in large conurbations and coastal sites, where the minimum may be higher 
than that indicated in the relevant figures, these divergences should be taken into 
consideration using local meteorological data. 

(3) The initial temperature To should be taken as the temperature of a structural 
element at the relevant stage of its restraint (completion). If it is not predictable the 
average temperature during the construction period should be taken. 

~ NOTE: The value of To may be specified in the National annex or in a particular project. 
If no information is available To may be taken as 10°C. 
In case of uncertainty concerning sensitivity of the bridge to To, it is recommended that 
a lower and upper bound of an interval expected for To are considered. @1] 

A.2 Maximum and minimum shade air temperature values with an annual 
probability of being exceeded p other than 0,02 

(1) If the value of maxirrlum (or rrlinimum) shade air temperature, Tmax,p (Tmin,p), is 
based on an annual probability of being exceeded p other than 0,02, the ratio 
Tmax,plTmax (Tmin,pITmin) may be determined from Figure A.1. 

(2) In general Tmax,p (or Tmin,p) may be derived from the following expressions based 
on a type I extreme value distribution: 

- for maximum: 

for rrlinimum: 
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is the value of maximum (minin1um) shade air temperature with 
an annual probability of being exceeded of 0,02; 

k1 = (uc) / { (uc) + 3,902 } 

k2 = 1 / { (uc) + 3,902 } 

where: 

(A.3) 

(A.4) 

u,c are the mode and scale parameters of annual maximum shade air 
temperature distribution. 

k3 = (uc) / { (uc) - 3,902 } 

k4 = 1 / { (uc) - 3,902 } 

(A.5) 

(A.6) 

The parameters u and c are dependent on the mean value m and the standard 
deviation (J of type I extreme value distribution: 

for maximum 

for minimum 

u = m - 0,57722 / c 
c = 1,2825 / (J 

u = m + 0,57722 / c 
c = 1,2825 / (J 

(A.7) 

(A.8) 

The ratios Tmax,plTmax and Tmin,p IT min respectively may then be taken from Figure A.1, which 
is based on the recommended values of k1 k4 given in NOTE1. @il 

NOTE1: The National annex may specify the values of the coefficients k1, k2' k3 and k4 based 
on the values of parameters u and c. If no other information is available the following values 
are recommended: 

k1 = 0,781; 

k2 = 0,056; 

k3 = 0,393; 

k4 = - 0,156. 

NOTE 2: Expression (A.2) and Figure A.1 can only be used if Tmin is negative. 
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Temperature differences for various surfacing depths 

(1) Temperature difference profiles given in Figures 6.2a 6.2c are valid for 40 mm 
surfacing depths for deck type 1 and 100 mm surfacing depths for types 2 and 3. 

NOTE: The National annex may give values for other depths. Recommended values are 
given in the following tables: 

Table B.1 for deck type 1; 

Table B.2 for deck type 2; 

- Table B.3 for deck type 3. 

Table B.1 - Recommended values of L1Tfor deck type 1 

Temperature difference 

Surfacing 
Heating Cooling thickness 

!1. T1 11 T2 ~~ !1. T4 11 T1 

mm °c °c °C °C °C 

unsurfaced 30 16 6 3 8 
20 27 15 9 5 6 
40 24 14 8 4 6 
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Table B.2 - Recommended values of fl. T for deck type 2 

Temperature difference 

Depth of Surfacing 
slab (h) thickness Heating Cooling 

!J. T1 !J. T1 

m mm °C °C 

0,2 unsurfaced 16,5 5,9 
waterproofed 1) 23,0 5,9 

50 18,0 4,4 
100 13,0 3,5 
150 10,5 2,3 
200 8,5 1,6 

0,3 unsurfaced 18,5 9,0 
waterproofed 1) 26,5 9,0 

50 20,5 6,8 
100 16,0 5,0 
150 12,5 3,7 
200 10,0 2,7 

1) These values represent upper bound values for dark colour 
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Table B.3 - Recommended values of L\ T for deck type 3 

Temperature difference 

Surfacing 
Heating Cooling thickness 

,1. T1 ,1. T2 ,1. T3 ,1. T1 ,1. T2 ,1. T3 ,1. T4 

mm °C °C °C °C °C °C °C 

unsurfaced 12,0 5,0 0,1 4,7 1,7 0,0 0,7 
waterproofed 1) 19,5 8,5 0,0 4,7 1,7 0,0 0,7 

50 13,2 4,9 0,3 3,1 1,0 0,2 1,2 
100 8,5 3,5 0,5 2,0 0,5 0,5 1,5 
150 5,6 2,5 0,2 1,1 0,3 0,7 1,7 
200 3,7 2,0 0,5 0,5 0,2 1,0 1,8 

unsurfaced 15,2 4,4 1,2 9,0 3,5 0,4 2,9 
waterproofed 1) 23,6 6,5 1,0 9,0 3,5 0,4 2,9 

50 17,2 4,6 1,4 6,4 2,3 0,6 3,2 
100 12,0 3,0 1,5 4,5 1,4 1,0 3,5 
150 8,5 2,0 1,2 3,2 0,9 1,4 3,8 
200 6,2 1,3 1,0 2,2 0,5 1,9 4,0 

unsurfaced 15,2 4,0 1,4 11,8 4,0 0,9 4,6 
waterproofed 1) 23,6 6,0 1,4 11,8 4,0 0,9 4,6 

50 17,6 4,0 1,8 8,7 2,7 1,2 4,9 
100 13,0 3,0 2,0 6,5 1,8 1,5 5,0 
150 9,7 2,2 1,7 4,9 1,1 1,7 5,1 
200 7,2 1,5 1,5 3,6 0,6 1,9 5,1 

unsurfaced 15,4 4,0 2,0 12,8 3,3 0,9 5,6 
waterproofed 1) 23,6 5,0 1,4 12,8 3,3 0,9 5,6 

50 17,8 4,0 2,1 9,8 2,4 1,2 5,8 
100 13,5 3,0 2,5 7,6 1,7 1,5 6,0 
150 10,0 2,5 2,0 5,8 1,3 1,7 6,2 
200 7,5 2,1 1,5 4,5 1,0 1,9 6,0 

unsurfaced 15,4 4,0 2,0 13,4 3,0 0,9 6,4 
waterproofed 1) 23,6 5,0 1,4 13,4 3,0 0,9 6,4 

50 17,8 4,0 2,1 10,3 2,1 1,2 6,3 
100 13,5 3,0 2,5 8,0 1,5 1,5 6,3 
150 10,0 2,5 2,0 6,2 1,1 1,7 6,2 
200 7,5 2,1 1,5 4,3 0,9 1,9 5,8 

unsurfaced 15,4 4,5 2,0 13,7 1,0 0,6 6,7 
waterproofed 1) 23,6 5,0 1,4 13,7 1,0 0,6 6,7 

50 17,8 4,0 2,1 10,6 0,7 0,8 6,6 
100 13,5 3,0 2,5 8,4 0,5 1,0 6,5 
150 10,0 2,5 2,0 6,5 0,4 1,1 6,2 
200 7,5 2,1 1,5 5,0 0,3 1,2 5,6 

1) These values represent upper bound values for dark colour 
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Annex C 
(Informative) 

Coefficients of linear expansion 

(1) For the determination of action effects due to temperature components, Table C.1 
gives values for the coefficient of linear expansion for a selection of commonly used 
materials. 
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Table C.1: Coefficients of linear expansion 

Material 

Aluminium, aluminium alloy 24 

Stainless steel 16 

Structural steel, wrought or cast iron 12 (see Note 6) 

Concrete except as under 10 

Concrete, lightweight aggregate 7 

Masonry 6-10 (see Notes) 

Glass (see Note 4) 

Tin1ber, along grain 5 

Timber, across grain 30-70 (see Notes) 

NOTE 1: For other materials special advice should be sought. 

NOTE 2: The values given should be used for the derivation of thermal actions, 
unless other values can be verified by tests or more detailed studies. 

NOTE 3: Values for masonry will vary depending on the type of brickwork; values 
for timber across the grain can vary considerably according to the type of timber. 

NOTE 4: For more detailed information see: 

EN 572-1 : Glass in Building - Basic soda lime silicate glass - Part 1: 
Definitions and general physical and mechanical properties; 

prEN 1748-1-1: Glass in Building - Special basic products - Part 1-1: 
Borosilicate glass - Definition and description; 

prEN 1748-2-1: Glass in Building - Special basic products - Part 1-1 : Glass 
ceramics - Definition and description; 

prEN 14178-1: Glass in Building - Basic alkaline earth silicate glass products 
- Part 1: Float glass 

NOTE 5: For some materials such as masonry and timber other parameters (e.g. 
moisture content) also need to be considered. See EN 1995 -EN 1996. 

NOTE 6 : For composite structures the coefficient of linear expansion of the steel 
component may be taken as equal to 1 Ox1 0-6fC to neglect restraining effects fron1 
different aT-values. 
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Annex 0 
(I nformative) 

Temperature profiles in buildings and other construction works 

(1) Temperature profiles may be determined using the thermal transmission theory. 
In the case of a simple sandwich element (e.g. slab, wall, shell) under the 
assumption that local thermal bridges do not exist a temperature T(x) at a distance x 
from the inner surface of the cross section may be determined assuming steady 
thermal state as 

T(x) (0.1 ) 

where: 

T is the air temperature of the inner environment 
In 

Tout is the temperature of the outer environment 
R tot is the total thermal resistance of the element including resistance of 

both surfaces 
R(x) is the thermal resistance at the inner surface and of the element from 

the inner surface up to the point x (see Figure 0.1). 

(2) The resistance values Rtot ' and R(x) [m2KIW] may be determined using the 

coefficient of heat transfer and coefficients of thermal conductivity given in EN ISO 
6946 (1996) and EN ISO 13370 (1998): 

where: 

Rout 

A. 
I 

~ot (0.2) 

is the thermal resistance at the inner surface [m2K1W] 

is the thermal resistance at the outer surface [m2KIW], 

is the thermal conductivity and hi [m] is the thickness of the layer i, 
[W/(mK)] 

R(x) (0.3) 

where layers (or part of a layer) from the inner surface up to point x (see Figure 0.1) 
are considered only. 

NOTE: In buildings the thermal resistance R. = 0,10 to 0,17 [m2KIW] (depending on the 
In 

orientation of the heat flow), and R t = 0,04 (for all orientations). The thermal conductivity A. 
00 I 

for concrete (of volume weight from 21 to 25 kN/m3
) varies from A.. = 1,16 to 1,71 [W/(mK)]. 

I 
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Figure D.1: Thermal profile of a two-layer element. 
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Foreword 

This European document (EN 1991-1-6), has been prepared by Technical Committee CENITC250 "Structural 
Eurocodes", the Secretariat of which is held by BSI. 

This European Standard shall be given the status of national standard, either by publication of an identical text or 
by endorsement, at the latest by December 2005, and conflicting national standards shall be withdrawn at the latest 
by March 2010. 

CENfTC250 is responsible for all Structural Eurocodes. 

This document will supersede ENV 1991-2-6:1996. 

Annexes A 1 and A2 are normative and Annex B is informative. This standard includes a Bibliography. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following coun
tries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic, Denmark, Esto
nia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, 
Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and the United Kingdom. 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action programme in the field of construction, 
based on Article 95 of the Treaty. The objective of the programme was the elimination of technical obstacles to 
trade and the harmonisation of technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of harmonized technical rules for 
the design of construction works which, in a first stage, would serve as an alternative to the national rules in force in 
the Member States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Member States, 
conducted the development of the Eurocodes programme, which led to the first generation of European codes in 
the 1980s. 

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an agreement1 be
tween the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to CEN through a 
series of Mandates, in order to provide them with a future status of European Standard (EI\I). This links de facto the 
Eurocodes with the provisions of all the Council's Directives and/or Commission's Decisions dealing with European 
standards (e.g. the Council Directive 89/106/EEC on construction products - CPO - and Council Directives 
93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal market). 

The Structural Eurocode programme comprises the following standards generally consisting of a number of parts: 

EN 1990 Eurocode Basis of structural design 

EN 1991 Eurocode 1: Actions on structures 

EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of steel structures 

EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of timber structures 

EN 1996 Eurocode 6: Design of masonry structures 

EN 1997 Eurocode 7: Geotechnical design 

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) concerning the 
work on EUROCODES for the design of building and civil engineering works (8C/CEN/03/89). 
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EN 1998 

EN 1999 

Eurocode 8: 

Eurocode 9: 

Design of structures for earthquake resistance 

Design of aluminium structures 

Eurocode standards recognize the responsibility of regulatory authorities in each Member State and have safe
guarded tlleir right to determine values related to regulatory safety matters at the national level where these con
tinue to vary from State to State. 

Status and field of application of Eurocodes 

The Member States of the EU and EFTA recognize that Eurocodes serve as reference documents for the following 
purposes: 

as a means to prove compliance of building and civil engineering works with the essential requirements of 
Council Directive 89/106/EEC, particularly Essential Requirement N°1 - Mechanical resistance and stability -
and Essential Requirement N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering services; 

as a framework for drawing up harmonized technical specifications for construction products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with the Inter
pretative Documents2 referred to in Article 12 of the CPO, although they are of a different nature from harmonized 
product standards3

. Therefore l technical aspects arising from the Eurocodes work need to be adequately consid
ered by CEN Technical Committees andlor EOTA Working Groups working on product standards with a view to 
achieving a full compatibility of these technical specifications with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use for the design of whole struc
tures and component products of both a traditional and an innovative nature. Unusual forms of construction or de
sign conditions are not specifically covered and additional expert consideration will be required by the designer in 
such cases. 

National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including any an
nexes)l as published by CEN, which may be preceded by a National title page and National foreword, and may be 
followed by a National Annex. 

The National Annex may only contain information on those parameters which are left open in the Eurocode for na
tional choice, known as Nationally Determined Parameters, to be used for the design of buildings and civil engi
neering works to be constructed in the country concerned, i.e. : 

values and/or classes where alternatives are given in the Eurocode, 

- values to be used where a symbol only is given in the Eurocode, 

- country specific data (geographical, climatic, etc), e.g. snow map, 

the procedure to be used where alternative procedures are given in the Eurocode. 

It may also contain: 

decisions on the application of informative annexes, 

references to non-contradictory complementary information to assist the user to apply the Eurocode. 

2 According to Article 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for the creation 
of the necessary links between the essential requirements and the mandates for hEI\Js and ETAGs/ETAs. 

3 According to Article 12 of the CPD the interpretative documents shall : 
a)give concrete form to the essential requirements by harmonizing the terminology and the technical bases and indicating classes or levels for 

each requirement where necessary; 
b)indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of calculation and of 

proof, technical rules for project design, etc. ; 
as a reference for the establishment of harmonized standards and guidelines for European technical approvals. 

Eurocodes, de facto, playa similar role in the field of the ER 1 and a part of ER 2. 
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Links between Eurocodes and harmonized technical specifications (ENs and ETAs) for products 

There is a need for consistency between the harmonized technical specifications for construction products and the 
technical rules for works4. Furthermore, all the information accompanying the CE Marking of the construction prod
ucts which refer to Eurocodes shall clearly mention which Nationally Determined Parameters have been taken into 
account 

Additional information specific to EN 1991-1-6 

EN 1991-1-6 describes Principles and Application rules for the determination of actions to be considered during 
execution of buildings and civil engineering works, including the following aspects: 

- actions on structural and non-structural members during handling; 

- geotechnical actions; 

- actions due to prestressing effects; 

- pre-deformations; 

- temperature, shrinkage, hydration effects; 

wind actions; 

- snow loads; 

- actions caused by water; 

- actions due to atmospheric icing; 

- construction loads; 

- accidental actions 

seismic actions; 

EN 1991-1-6 is intended for use by: 

- clients (e.g. for the formulation of their specific requirements), 

- designers and constructors, 

relevant authorities. 

EN 1991-1-6 is intended to be used with EN 1990, the other parts of EN 1991 and EN 1992 to EN 1999 for the de
sign of structures. 

4. . 
see Article 3.3 and Article 12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1. 
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National annex 

This part of EN1991 gives alternative procedures, values and recommendations for classes with notes indicating 
where national choices may have to be made. Therefore the National Standard implementing EN 1991-1-6 should 
have a National Annex containing all Nationally Determined Parameters to be used for the design of buildings and 
civil engineering works to be constructed in the relevant country. 
National choice is allowed in EN 1991-1-6 through clauses: 

Clause Item 

1.1 (3) 
• 

Design rules for auxiliary construction works 

2.2 (4) NOTE 1 Positioning of construction loads classified as free 

3.1(1)P • Design situation corresponding to storm conditions 

3.1 (5) NOTE 1 
I 

Return periods for the determination of the characteristic values of variable actions during 
execution 

NOTE 2 Minimum wind speed during execution 

3.1 (7) Rules for the combination of snow loads and wind actions with construction loads 

3.1 (8) NOTE 1 Rules concerning impertections in the YI:lLl"1tm y of tile structure 

3. :(:~) Criteria associated with servlvt;;aUIlILY limit states ing execution 

i3.3(j i) SeIVIl,;edUllIl)' requirements for Jy construction works 

4.9(6) NOTE 2 Loads and water levels for floating ice 

4.10(1)P Definition of actions due to atmospheric icing 

4.11.1 (1) Recommended characteristic values of construction loads Oca and O::b 
iTable 4.1 

4.11 .2 (1) NOTE 2 Construction loads during casting of concrete 

4.12(1)P Dynamic effects due to accidental actions 

NOTE 2 

4.12(2) I Dynamic effects due to falls of equipment 

4.12 (3) • Design values of human impact loads 

3(2) Seismic actions 

Annex A1 Representative values of the variable actions due to construction loads 

A1.1(1) 

AnnexA1 Characteristic values of equivalent horizontal forces 

A1.3(2) 

Annex A2 Design values of vertical deflections for the incremental launching of bridges 

A2.3 (1) NOTE 1 

Annex A2 Reduction of the characteristic value of snow loads 

A2.4(2) 
--

Annex A2 Reduced values of characteristic snow loads for the verification of static equilibrium 

A2.4(3) 

Annex A2 Design values of horizontal friction forces 

A2.5(2) 

Annex A2 Determination of friction coefficients Jlmin and Jlmax 

A2.5(3) 

7 



BS EN 1991-1-6:2005 
EN 1991-1-6:2005 (E) 

Section 1 General 

1.1 Scope 

(1) EN 1991-1-6 provides principles and general rules for the determination of actions which should be taken into 
account during the execution of buildings and civil engineering works. 

NOTE 1 This part of EN 1991 may be used as guidance for the determination of actions to be taken into account for dif
ferent types of construction works, including structural alterations such as refurbishment and/or partial or full demolition. 
Further rules and guidance is given in Annexes A 1, A2 and B. 

~ NOTE 2 Rules concerning the safety of people in and around the construction site due to matters outside the scope 
of this European Standard may be defined for the individual project. @il 

(2) The following subjects are dealt with in this part of EN 1991. 

Section 1 : General 

Section 2 : Classification of actions 

Section 3: Design situations and limit states 

Section 4 : Representation of actions 

Annex A 1 : Supplementary rules for buildings (normative) 

Annex A2 : Supplementary rules for bridges (normative) 

Annex B : Actions on structures during alteration, reconstruction or demolition (informative) 

(3) EN 1991-1-6 also gives rules for the determination of actions which may be used for the design of auxiliary con
struction works as defined in 1.5, needed for the execution of buildings and civil engineering works. 

NOTE Design rules for auxiliary construction works may be defined in the National Annex or for the individual project. 
Guidance may be found in the relevant European standards. For example, design rules for formworks and falseworks are 
given in EN 12812. 

1.2 Normative references 

This European standard incorporates by dated or undated reference provisions from other publications. These 
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For 
dated references, subsequent amendments to, or revisions of, any of these publications apply to this European 
standard only when incorporated in it by amendment or revision. For undated references, the latest edition of the 
publications referred to applies (including amendments). 
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NOTE The Eurocodes were published as European Prestandards. The following European Standards which are pub
lished or in preparation are cited in normative clauses or in NOTES to normative clauses. 

EN 1990 Eurocode: Basis of structural design 

EN 1991-1-1 Eurocode 1: Actions on structures Part 1-1: Densities, self-weight, imposed loads for buildings 

EN 1991-1-2 Eurocode 1: Actions on structures Part 1-2: Fire actions 

EN 1991-1-3 Eurocode 1: Actions on structures Part 1-3: General actions: Snow loads 

EN 1991-1-4 Eurocode 1: Actions on structures Part 1-4: General actions: Wind actions 

EN 1991-1-5 Eurocode 1: Actions on structures Part 1-5: General actions: Thermal actions 

EN 1991-1-7 Eurocode 1: Actions on structures Part 1-7: Accidental actions 

EN 1991-2 Eurocode 1: Actions on structures Part 2: Traffic loads on bridges 
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EN 1991-3 Eurocode 1: Actions on structures Part 3: Actions induced by cranes and machinery 

EN 1991-4 Eurocode 1: Actions on structures Part 4: Silos and tanks 

EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of steel structures 

EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of timber structures 

EN 1996 Eurocode 6: Design of masonry structures 

EN 1997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of aluminium structures 

1.3 Assumptions 

(1)P The general assumptions given in EN 1990:2002, 1.3 apply. 

1.4 Distinction between Principles and Application rules 

(1)P The rules in EN 1990:2002, 1.4 apply. 

1.5 Terms and definitions 

1.5.1 General 

(1) The terms and definitions given in EN 1990:2002, 1.5 apply. 

1.5.2 Additional terms and definitions specific to this standard 

1.5.2.1 
auxiliary construction works 
any works associated with the construction processes that are not required after use when the related execution 
activities are completed and they can be removed (e.g. falsework, scaffolding, propping systems, cofferdam, brac
ing, launching nose) 

NOTE Completed structures for temporary use (e.g. a bridge for temporarily diverted traffic) are not regarded as auxil
iary construction works. 

1.5.2.2 
construction load 
load that can be present due to execution activities, but is not present when the execution activities are completed. 

1.5.2.3 
general scour depth 
is the scour depth due to river flow, independently of the presence of an obstacle (scour depth depends on the 
flood magnitude) 

1.5.2.4 
local scour depth 
is the scour depth due to water vortices next to an obstacle such as a bridge pier. 
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1.6 Symbols 

For the purpose of this European standard, the following symbols apply (see also EN 1990). 

Latin upper case letters 

Adeb area of obstruction (accumulation of debris) 

Fdeb horizontal forces exerted by accum ulation of debris 

Feb.k characteristic values of concentrated construction loads Qeb 

Fhn nominal horizontal forces 

Fwa horizontal forces due to currents on immersed obstacles 

Oe Construction loads (general symbol) 

Oea construction loads due to working personnel, staff and visitors, possibly with hand tools or other small site 
equipment 

Ocb construction loads due to storage of moveable items (e.g. building and construction materials, precast 
elements, and eqUipment) 

Oce construction loads due to non permanent equipment in position for use during execution, either static (e.g. 
formwork panels, scaffolding, falsework, machinery, containers) or during movement (e.g. travelling 
forms, launching girders and nose, counterweights) 

Oed construction loads due to moveable heavy machinery and equipment, usually wheeled or tracked (e.g. 
cranes, lifts, vehicles, lifttrucks, power installations, jacks, heavy control devices) 

Oee construction loads from accumulation of waste materials (e.g. surplus construction materials, excavated 
soil or demolition materials) 

Oct construction loads from parts of a structure in temporary states (under execution) before the final design 
actions take effect 

Ovv wind actions 

Owa actions caused by water 

Latin lower case letters 

b width of an immersed object 

Cpe external wind pressure coefficients for free-standing walls 

h water depth 

k shape factor for an immersed object 

~eb debris density parameter 
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p flowing water pressure, which may be current water 

qca,k characteristic values of the uniformly distributed loads of construction loads Qca 

qcb,k characteristic values of the uniformly distributed loads of construction loads QCb 

BS EN 1991-1-6:2005 
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qcc,k characteristic values of the uniformly distributed loads representing construction loads Qcc 

Vwa is the mean speed of the water averaged over the depth, in m/s; 

Greek lower case letters 

P wa density of water 
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Section 2 Classification of actions 

2.1 General 

(1)P Actions during execution wbich include, where appropriate, construction loads and those other than construc
tion loads shall be classified in accordance with EN 1990:2002, 4.1.1. 

NOTE Table 2.1 gives the classifications of actions (other than construction loads). 

Table 2.1 Classification of actions (other than construction loads) during execution stages. 

Related I I Classification I 
! 

clause in Action Remarks Source 
this stan- i Variation in Classification I Spatial I Nature i 

I dard time / Origin I variation • (static/dynamic) • 
! I Fixed With] I Free during transporta-

4.2 

I 

weight Permanent Direct tolerance / Static tion / if EN 1991-1-1 
free ! dropped 

4.3 Soil IIUVe'1 le'I Permanent Indirect Free Static EN 1997 -

4.3 Earth pressure 
Permanent / 

Direct Static EN 1997 
variable i 

4.4 Prestressing 
e'l lieu le'I Il / 

Direct Fixed ! Static 
Variable for local design i EN 1990, EN 

variable (anchorage). 1992 to EN 1999 
P Pt:llllctllt:llll I 

4.5 Indirect Static EN 1990 
deformations variable ! L 

4.6 ~_~!DDerature Variable Indirect Free Static EN 1991-1.5 -_ .. -
Shrink- I 

I 

4.6 II. 
Permanent / . 

Indirect Free 
EN 1992, EN 

d\::jt:JIIJUI dllUl1 variable 1 993, EN 1994 
effects 

4.7 Wind actions 
vanaole / :i-

Direct .-. It / dynamic (*) EN 1991-1-4 
dental 

,I}\.\::U/II\::\:: 

Snow loads 
Vari- ! 

Direct Fixed/free I Static / dynamic (*) EN 1991-1-3 4.8 
able/accidental, 

I I Permanent / variable 

Actions due to 
Permanent / I 

I 

according to project 
4.9 vari- Direct .- u 

specifications. Dy- EN 1990 
water 

i 

,I}\.\::UIII \::\:: 

namic for water currents 
I if relevant 

4.10 
Atmospheric i 

I (*) ISO 12494 
ice loads I 

4.12 Accidental 
i 

Accidental Direct/indirect Free l"'. (*) 
EN 1990, EN 

i 

CllctlllAUYllctllll"" 
1991-1-7 

4.13 Seismic 
Variable / acci-

l 
Direct Free DynamiC (*) 

EN 1990 (4.1), 
dental i EN1998 

(*): The source documents need to be examined with the National Annexes in which additional relevant information may be provided. 

2.2 Construction loads 

(1) Construction loads (see also 4.11) should be classified as variable actions (Dc). 

NOTE 1 Table 2.2 gives the classification of construction loads 
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Table 2.2 Classification of construction loads. 

Related Action Classificatio n 
clause in this (short descrip-

Variation in Classification Spatial Nature standard tion) 
time / Origin variation I (static/dynamic) 

4.11 
Personnel and 

Variable Direct Free Static 
hand tools 

4.11 
Storage movable 

Variable Direct Free Static / dynamic 
items 

4.11 
Non-permanent 

Variable Direct Fixed / free Static / dynamic 
equiQ!!l~_ 

Movable heavy 
4.11 machinery and Variable Direct Free Static / dynamic 

equipment 

Accumulation of 
4.11 

waste materials Variable Direct Free Static / dynamic 

Loads from parts 
4.11 of structure in Variable Direct Free Static 

temporary states 

NOTE 2 Table 4.1 gives the full description and classification of construction loads 
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Remarks Source 

Dynamic in case of 
EN 1991-1-1 

dropped loads 

EN 1991-3 
-----

EN 1991-2, 
EN 1991-3 

Can impose loads on 
e.g. vertical surfaces EN 1991-1-1 

also 

Dynamic effects are 
EN 1991-1-1 

excluded 

NOTE 3 Construction loads, which are caused by cranes, equipment, auxiliary construction works/structures may be 
classified as fixed or free actions depending on the possible position(s) for use. 

(3) Where construction loads are classified as fixed, then tolerances for possible deviations from the theoretical 
position should be defined. 

NOTE The deviations may be defined for the individual project. 

(4) Where construction loads are classified as free, then the limits of the area where they may be moved or posi
tioned should be determined. 

NOTE 1 The limits may be defined in the National Annex and for the individual project. 

NOTE 2 In accordance with EN 1990:2002, 1.3(2), control measures may have to be adopted to verify the conformity of 
the position and moving of construction loads with the design assumptions. 
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Section 3 Design situations and limit states 

3.1 General - identification of design situations 

(1)P Transient, accidental and seismic design situations shall be identified and taken into account as appropriate 
for designs for execution. 

NOTE For wind actions during storm conditions (e.g. cyclone, hurricane) the National Annex may select the design 
situation to be used. The recommended design situation is the accidental design situation. 

(2) Design situations should be selected as appropriate for the structure as a whole, the structural members, the 
partially completed structure, and also for auxiliary construction works and equipment. 

(3)P The selected design situations shall take into account the conditions that apply from stage to stage during 
execution in accordance with EN 1990:2002, 3.2(3)P. 

(4)P The selected design situations shall be in accordance with the execution processes anticipated in the design. 
Design situations shall take account of any revisions to the execution processes. 

(5) Any selected transient design situation should be associated with a nominal duration equal to or greater than 
the anticipated duration of the stage of execution under consideration. The design situations should take into ac
count the likelihood for any corresponding return periods of variable actions (e.g. climatic actions). 
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NOTE 1 The return periods for the determination of characteristic values of variable actions during execution may be de
fined in the National Annex or for the individual project. Recommended return periods for climatic actions are given in ta
ble 3.1, depending on the nominal duration of the relevant design situation. 

Table 3.1 Recommended return periods for the determination of the characteristic values of climatic actions 

Duration Return period (years) 

3 days 2(;1 

:;;.; 3 months (but> 3 days) 5 b 

:;;.; 1 year (but > 3 months) 10 

> 1 year 50 

a A nominal duration of three days, to be chosen for short execution phases, corresponds to the extent in time of reli-
able meteorological predictions for the location of the site. This choice may be kept for a slightly longer execution 
phase if appropriate organizational measures are taken. The concept of mean return period is generally not appropri-
ate for short term duration. 

b For a nominal duration of up to three months actions may be determined taking into account appropriate seasonal 
and shorter term meteorological climatic variations. For example, the flood magnitude of a river depends on the period 
of the year under consideration. 

NOTE 2 A minimum wind velocity during execution may be defined in the National Annex or for the individual project. 
The recommended basic value for durations of up to 3 months is 20 m/s in accordance with EN 1991-1-4. 

NOTE 3 Relationships between characteristic values and return period for climatic actions are given in the appropriate 
parts of EN 1991 . 
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(6) Where an execution stage design prescribes limiting climatic conditions, or weather window, the characteristic 
climatic actions should be determined taking into account: 

- anticipated duration of the execution stage, 

the reliability of meteorological predictions, 

time to organize protection measures. 

(7) The rules for the combination of snow loads and wind actions with construction loads Qc (see 4.11.1) should be 
defined. 

NOTE These rules may be defined in the National Annex or for the individual project. 

(8) Imperfections in the geometry of the structure and of structural members should be defined for the selected de~ 
sign situations during execution. 

NOTE 1 These imperfections may be defined in the National Annex or for the individual project. See also Annex A2 and 
EN 1990:2002, 3.5 (3) and (7). 

NOTE 2 For concrete structures, see also the appropriate CEN standards, including those on "Precast Concrete Prod
ucts", developed by CENITC229 

(9) Actions due to wind excitation (including aerodynamic effects due to passing vehicles, including trains) that are 
likely to produce fatigue effects in structural members should be taken into account. 

NOTE See EN 1991-1-4 and EN 1991-2. 

(10) Where the structure or parts of it are subjected to accelerations that may give rise to dynamic or inertia effects, 
these effects should be taken into account. 

NOTE Significant accelerations may be excluded where possible movements are strictly controlled by appropriate de
vices. 

(11) Actions caused by water, including for example uplift due to groundwater, should be determined in conjunction 
with water levels corresponding to specified or identified design situations, where appropriate. 

NOTE These actions may commonly be determined in the same manner as specified in (5) above. 

(12) Where relevant, design situations should be defined taking account of scour effects in flowing water. 

NOTE For long construction phases, scour levels may have to be taken into account for the design of execution stages 
for permanent or auxiliary construction works immersed in flowing water, which may include currents. These levels may 
be defined for the individual project, see 4.9(4}. 

(13) Actions due to creep and shrinkage in concrete construction works should be determined on the basis of the 
expected dates and duration associated with the design situations, where appropriate. 

3.2 Ultimate limit states 

(1)P Ultimate limit states shall be verified for all selected transient, accidental and seismic design situations as ap
propriate during execution in accordance with EN 1990:2002[???]. 

NOTE 1 The combinations of actions for accidental design situations can either include the accidental action explicitly or 
refer to a situation after an accidental event. See EN 1990:2002, Section 6. 

NOTE 2 Generally, accidental design situations refer to exceptional conditions applicable to the structure or its expo
sure, such as impact, local failure and subsequent progressive collapse, fall of structural or non-structural parts, and, in 
the case of buildings, abnormal concentrations of building equipment and/or building materials, water accumulation on 
steel roofs, fire, etc. 

NOTE 3 See also EN 1991-1-7. 
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(2) The verifications of the structure should take into account the appropriate geometry and resistance of the par
tially completed structure corresponding to the selected design situations. 

3.3 Serviceability limit states 

(1)P The serviceability limit states for the selected design situations during execution shall be verified, as appropri
ate, in accordance with EN 1990. 

(2) The criteria associated with the serviceability limit states during execution should take into account the require
ments for the completed structure. 

NOTE The criteria associated with the serviceability limit states may be defined in the l'Jational Annex or for the individ
ual project. See EN 1992 to EI'J 1999. 

(3)P Operations during execution which can cause excessive cracking and/or early deflections and which may ad
versely affect the durability, fitness for use and/or aesthetic appearance in the final stage shall be avoided. 

(4) Load effects due to shrinkage and temperature should be taken into account in the design and should be mini
mized by appropriate detailing. 

(5) The combinations of actions should be established in accordance with EN 1990:2002, 6.5.3 (2). In general, the 
relevant combinations of actions for transient design situations during execution are: 

- the characteristic combination 

- the quasi-permanent combination 

NOTE Where frequent values of particular actions need to be considered, these values may be defined for the individual 
project. 

(6) Serviceability requirements for auxiliary construction works should be defined in order to avoid any unintentional 
deformations and displacements which affect the appearance or effective use of the structure or cause damage to 
finishes or non-structural members. 

NOTE These requirements may be defined in the National Annex or for the individual project. 
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Section 4 Representation of actions 

4.1 General 

(1)P Characteristic and other representative values of actions shall be determined in accordance with EN 1990, EN 
1991, EN 1997 and EN 1998. 

NOTE 1 The representative values of actions during execution may be different from those used in the design of the 
completed structure. Common actions during execution, specific construction loads and methods for establishing their 
values are given in this Section. 

NOTE 2 See also Section 2 for classification of actions and Section 3 for nominal duration of transient design situations. 

NOTE 3 The action effects may be minimized or eliminated by appropriate detailing, providing auxiliary construction 
works or by protecting/safety devices. 

(2) Representative values of construction loads (Oc) should be determined taking into account their variations in 
time. 

(3) Interaction effects between structures and parts of structures should be taken into account during execution. 
Such structures should include structures that form part of the auxiliary construction works. 

(4)P When parts of a structure are braced or supported by other parts of a structure (e.g. by propping floor beams 
for concreting) the actions on these parts resulting from bracing or supporting shall be taken into account. 

NOTE 1 Depending on the construction procedures, the supporting parts of the structure may be subjected to loads 
greater than the imposed loads for which they are designed for the persistent design situation. Additionally, the support
ing slabs may not have developed their full strength capacities. 

NOTE 2 See also 4.11 Construction loads. 

(5) Horizontal actions from friction effects should be determined and based on the use of appropriate values of friction 
coefficients. 

NOTE Lower and upper bounds of friction coefficients may have to be taken into account. Friction coefficients may be 
defined for the individual project. 

4.2 Actions on structural and non-structural members during handling 

(1) The self-weight of structural and non-structural members during handling should be determined in accordance with 
EN 1 991 -1-1 . 

(2) Dynamic or inertia effects of self-weight of structural and non-structural members should be taken into account. 

(3) Actions on attachments for hoisting elements and materials should be determined according to EN 1991-3. 

(4) Actions on structural and non-structural members due to support positions and conditions during hoisting, 
transporting or storage should take into account, where appropriate, the actual support conditions and dynamic or 
inertia effects due to vertical and horizontal accelerations. 

NOTE See EN 1991-3 for the determination of vertical and horizontal accelerations due to transport and hoisting. 
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4.3 Geotechnical actions 

(1)P The characteristic values of geotechnical parameters, soil and earth pressures, and limiting values for move
ments of foundations shall be determined according to EN 1997. 

(2) The soil movements of the foundations of the structure and of auxiliary construction works, for example tempo
rary supports during execution, should be assessed from the results of geotechnical investigations. Such investiga
tions should be carried out to give information on both absolute and relative values of movements, their time de
pendency and possible scatter. 

NOTE Movements of auxiliary construction works may cause displacements and additional stresses. 

(3) The characteristic values of soil movements estimated on the basis of geotechnical investigations using statisti
cal methods should be used as nominal values for imposed deformations of the structure. 

NOTE It may be possible to adjust the calculated imposed deformations by considering the full soil-structure interaction. 

4.4 Actions due to prestressing 

(1) Actions due to prestressing should be taken into account, including the effects of interactions between the struc
ture and auxiliary construction works (e.g. falsework) where relevant. 

NOTE Prestressing forces during execution may be determined according to the requirements of EN 1992 to EN 1999 
and possible specific requirements defined for the individual project. 

(2) Loads on the structure from stressing jacks during the prestressing activities should be classified as variable 
actions for the design of the anchor region. 

(3) Prestressing forces during the execution stage should be taken into account as permanent actions. 

NOTE See also Section 3. 

4.5 Pre-deformations 

(1)P The treatment of the effects of pre-deformations shall be in conformity with the relevant design Eurocode (from 
EN 1992 to EN 1999). 

NOTE Pre-deformations can result from, for example, displacements of supports (such as loosening of ropes or cables, 
including hangers, and displacements of bearings). 

(2) Action effects from execution processes should be taken into account, especially where pre-deformations are 
applied to a particular structure in order to generate action effects for improving its final behaviour, particularly for 
structural safety and seNiceability requirements. 

(3) The action effects from pre-deformations should be checked against design criteria by measuring forces and 
deformations during execution. 

4.6 Temperature, shrinkage, hydration effects 

(1)P The effects of temperature, shrinkage and hydration shall be taken into account in each construction phase, as 
appropriate. 

NOTE 1 For buildings, the actions due to temperature and shrinkage are not generally significant if appropriate detailing 
has been provided for the persistent design situation. 

NOTE 2 Restraints from the effects of friction of bearings may have to be taken into account (see also 4.1 (5)). 

(2) Climatic thermal actions should be determined according to EN 1991-1-5. 

(3) Thermal actions due to hydration should be determined according to EN 1992, EN 1994 and EN 1995. 
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NOTE 1 Temperature can rise significantly in a massive concrete structure after casting, with consequent thermal ef
fects. 

NOTE 2 The extreme values of the minimum and maximum temperatures to be taken into account in the design may 
change-due to seasonal variations. 

(4) Shrinkage effects of structural building materials should be determined according to the relevant Eurocodes EN 
1992 to EN 1999. 

(5) In the case of bridges, for the determination of restraints to temperature effects of friction at bearings, that per
mit free movements, they should be taken into account on the basis of appropriate representative values. 

NOTE See EN 1337. 

(6) Where relevant, second order effects should be taken into account and the effects of deformations from tem
perature and shrinkage should be combined with initial imperfections. 

4.7 Wind actions 

(1) The need for a dynamic response design procedure for wind actions should be determined for the execution 
stages, taking into account the degree of completeness and stability of the structure and its various elements. 

NOTE Criteria and procedures may be defined for the individual project. 

(2) Where a dynamic response procedure is not needed, the characteristic values of static wind forces Ow should 
be determined according to EN 1991-1-4 for the appropriate return period. 

NOTE See 3.1 for recommended return periods. 

(3) For lifting and moving operations or other construction phases that are of short duration, the maximum accept
able wind speed for the operations should be specified. 

NOTE The maximum wind speed may be defined for the individual project. See also 3.1 (6). 

(4) The effects of wind induced vibrations such as vortex induced cross wind vibrations, galloping flutter and rain
wind should be taken into account, including the potential for fatigue of, for example, slender elements. 

(5) Wind actions on parts of the structure that are intended to be internal parts after its completion (e.g. walls) 
should be taken into account for execution processes. 

NOTE In such cases, the external pressure coefficients Cpe may have to be applied (e.g. for free-standing walls). 

(6) When determining wind forces, the areas of equipment, falsework and other auxiliary construction works that are 
loaded should be taken into account. 

4.8 Snow loads 

(1)P Snow loads shall be determined according to EN 1991-1-3 for the conditions of site and the required return 
period. 

NOTE 1 For bridges see also Annex A2. 

NOTE 2 See 3.1 for recommended return periods. 

4.9 Actions caused by water 

(1) In general, actions due to water, including ground water, (Qwa) Sl10uld be represented as static pressures and/or 
hydrodynamic effects, whichever gives the most unfavourable effects. 

NOTE In general, phenomena covered by hydrodynamic effects are: 

the hydrodynamic force due to currents on immersed obstacles; 

forces due to wave actions; 
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water effects caused by an earthquake (tsunamis). 

(2) Actions caused by water may be taken into account in combinations as permanent or variable actions. 

NOTE The classi'fication of actions caused by water as permanent or variable may be defined for the individual project, 
taking account of the specific environmental conditions. 

(3) Actions caused by water, including dynarnic effects where relevant, exerted by currents on immersed structures 
should be applied perpendicularly to the contact surfaces. They should be determined for speed, water depth and 
shape of the structure taking into account the designed construction stages. 

(4) The magnitude of the total horizontal force Fwa (I\J) exerted by currents on the vertical surface should be deter
mined by expression 4.1. See also Figure 4.1. 

1 ) 
F=-kp hh v-

\1'(/ 2 IVa 11'(1 

where: 

Key 

Vwa is the mean speed of the water averaged over the depth, in m/s; 
Pwa is the density of water, in kg/m3

; 

h is the water depth, but not including local scour depth, in m; 
b is the width of the object, in m; 
k is the shape factor, where 

k = 1,44 for an object of square or rectangular horizontal cross-section, and 
k = 0,70 for an object of circular horizontal cross-section. 

1 Current pressure (p) 
2 Object 
3 General scour depth 
4 Local scour depth 
5 Total scour depth 

Figure 4.1: Pressure and force due to currents 
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NOTE 1 Fwa may be used to check the stability of bridge piers and cofferdams, etc. A more refined formulation may be 
used to determine Fwa for the individual project. 

NOTE 2 The effect of scour may be taken into account for the design where relevant. See 3.1 (12) and 1.5.2.3 and 
1.5.2.4. 

(5) Where relevant, the possible accumulation of debris should be represented by a force Fdeb (N) and calculated 
for a rectangular object (e.g. cofferdam), for example, from: 

H't:I (4.2) 

where: 

kdeb is a debris density parameter, in kg/m3 

Vwa is the mean speed of the water averaged over the depth, in m/s; 
Adeb is the area of obstruction presented by the trapped debris and falsework, in m2 

NOTE 1 Expression (4.2) may be adjusted for the individual project, taking account of its specific environmental condi
tions. 

NOTE 2 The recommended value of kdeb is 666 kg/m 3
. 

(6) Actions due to including floating ice, should be taken into account where relevant. 

NOTE 1 The actions may be considered as a distributed load and acting in the direction of current flow equal to the 
highest or lower water levels, whichever gives the most unfavourable effects. 

NOTE 2 The loads and water levels may be defined in the National Annex or for the individual project. 

(7) Actions from rainwater should be taken into account for conditions where there may be collection of water such as 
ponding effects from, for example, inadequate drainage, imperfections of surfaces, deflections and/or failure of dewa
tering devices. 

4.10 Actions due to atmospheric icing 

(1)P Actions due to atmospheric icing shall be taken into account where relevant. 

NOTE The representative values of these actions may be defined in the National Annex or for the individual project. 
Guidance may be found in EN 1993-3 and in ISO 12494. 

4.11 Construction loads 

4.11.1 General 

(1) Construction loads (Qc) may be represented in the appropriate design situations (see EN 1990), either, as one 
single variable action, or where appropriate different types of construction loads may be grouped and applied as a 
single variable action. Single and/or a grouping of construction loads should be considered to act simultaneously 
with non-construction loads as appropriate. 

NOTE 1 See EN 1990 and EN 1991 for advice on the simultaneity of non construction and construction loads. 

NOTE 2 Groupings of loads to be taken into account are dependent on the individual project. 

NOTE 3 See also Table 2.2. 

(2) Construction loads to be included for consideration are given in Table 4.1. 
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Table 4.1 Representation of construction loads (Qc) 

Construction Loads (Qc) 

Actions 
! Representation Notes and remarks 

Type Symbol Description 

Personnel, Oea Working personnel, staff Modelled as a uniformly dis- NOTE 1: The characteristic value 
and and visitors, possibly tributed load qea and applied qea,k of the uniformly distributed load 
hand tools with hand tools or other to obtain the most unfavour- may be defined in the National An-

small site equipment able effects. nex or for the individual project. 

NOTE 2: The recommended value 
is 1,0 kN/m2. See also 4.11.2. 

Storage of Oeb Storage of moveable Modelled as 'free actions and NOTE 3: The characteristic values 
movable items, e.g.: should be represented as of the uniformly distributed load and 
items appropriate by: the concentrated load may be de-

- building and construc- fined in the National Annex or for 
tion materials, precast a uniformly distributed load the individual project. For bridges, 
elements, and 

qeb; 
the following values are recom-
mended minimum values: equipment a concentrated load Feb. - qcb,k = 0,2 kN/m2; 
- Fcb,k = 100 kN 

where Feb,k may be applied over a 
nominal area for detailed design. 

For densities of construction materi-
als, see EN1991-1-1. 

Non- Oee Non-permanent equip- Modelled as free actions and NOTE 4: These loads may be de-
permanent ment in position for use should be represented as fined for the individual project using 
equipment during execution, either: appropriate by: information given by the supplier. 

- static (e.g. formwork Unless more accurate information is 
panels, scaffolding, fal- - a uniformly distributed load available, the loads may be mod-
sework, machinery, con- qee; elled by a uniformly distributed load 
tainers) or with a recommended minimum 

- during movement (e.g. characteristic value of qee,k 0,5 

travelling forms, launch- kN/m2
• ' 

ing girders and nose, A range of CEN design codes are 
counterweights) available, for example, see EN 

12811 and for formwork and false-
work desiQn see EN 12812. 

Moveable Oed Moveable heavy ma- Unless specified should be Information for the determination of 
heavy chinery and equipment, modelled on information given actions due to vehicles when not 
machinery usually wheeled or in the relevant parts of defined in the project specification, 
and tracked, (e.g. cranes, EN 1991. may be found in EN 1991-2. 
eqUipment lifts, vehicles, lift trucks, 

power installations, Information for the determination of 
jacks, heavy lifting de- actions due to cranes is given in EN 
vices) 1991-3. 

Accumula- Qce Accumulation of waste Taken into account by con- NOTE 5: These loads may vary 
tion of materials (e.g. surplus sidering possible mass effects significantly, and over short time 
waste ma- construction materials, on horizontal, inclined and periods, depending on types of ma-
terials excavated soil, or demo- vertical elements (such as terials, climatic conditions, build-up 

lition materials) walls). rates and clearance rates, for ex-
ample. 

Loads OCI Loads from parts of a Taken into account and mod- See also 4.11 .2 for additional loads 
from parts structure in a temporary elled according to the planned due to fresh concrete 
of a struc- state (under execution) execution sequences, includ-
ture in a before the final design ing the consequences of 
temporary actions take effect (e.g. those sequences (e.g. loads 
state loads from lifting opera- and reverse load effects due 

tions) to particular processes of 
construction, such as assem-
blage) 

. 
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(3)P Characteristic values of construction loads, including vertical and horizontal components where relevant, shall be 
determined according to the technical requirements for the execution of the works and the requirements of EN 1990. 

NOTE 1 Recommended values of IjJ factors for construction loads are given in Annex A 1 of this standard for buildings, 
and in Annex A2 to EN 1990 for bridges. 

NOTE 2 Other types of construction loads may need to be taken into account. These loads may be defined for the indi
vidual project. 

(4)P Horizontal actions resulting from the effects of construction loads shall be determined and taken into account in 
the structural design of a partly completed structure as well as the completed structure. 

(5)P When construction loads cause dynamic effects, these effects shall be taken into account. 

NOTE See also 3.1 (10) and EN 1990, Annexes A1 and A2. 

4.11.2 Construction loads during the casting of concrete 

(1) Actions to be taken into account simultaneously during the casting of concrete may include working personnel 
with small site equipment (Qca), formwork and load-bearing members (ace) and the weight of fresh concrete (which 
is one example of Oct), as appropriate. 

NOTE 1 For the density of fresh concrete see EN 1991-1-1 :2002 Table A.1. 

NOTE 2 Oca, Occ and Oct may be given in the National Annex 

NOTE 3 Recommended values of actions due to construction loads during casting of concrete (Oct) may be taken from 
Table 4.2, and for fresh concrete from EN 1991-1-1 ;2002, Table A.1. Other values may have to be defined, for example, 
when using self-levelling concrete or precast products. 

NOTE 4 Loads according to (1), (2) and (3), as given in Table 4.2, are intended to be positioned to cause the maximum 
effects, which may be symmetrical or not. 

Table 4.2 : Recommended characteristic values of actions due to construction loads during casting of concrete 

Action Loaded area Load in kN/m2 

(1 ) Outside the working area 0,75 covering Oca 

(2) Inside the working area 3 m x 3 m 10 % of the self-weight of the concrete but not 

(or the span length if less) less than 0,75 and not more than 1,5 

Includes Oca and Oct 

(3) Actual area Self-weight of the form work, load-bearing ele-
ment (Qcc) and the weight of the fresh concrete 
for the design thickness (Ocf) 

1 2 3 1 1 2 3 1 

u u 
10 01 14 -u 
I •• J I 4 I 

.L::tt... ~ ~ .L::tt... ~ 
3 000 3000 

(2) Horizontal actions of fresh concrete should be taken into account. 
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NOTE See also A 1.3(2). 

4.12 Accidental actions 

(1)P Accidental actions such as impact from construction vehicles, cranes, building equipment or materials in tran
sit (e.g. skip of fresh concrete), and/or local failure of final or temporary supports, including dynamic effects, that 
may result in collapse of load-bearing structural members, shall be taken into account, where relevant. 

NOTE 1 Abnormal concentrations of building equipment and/or building materials on load-bearing structural members 
are not regarded as accidental actions. 

NOTE 2 DynamiC effects may be defined in the National Annex or for the individual project. The recommended value of 
the dynamic amplification factor is 2. In specific cases a dynamic analysis is needed. 

NOTE 3 Accidental actions from cranes may be defined for the individual project. See also EN 1991-3. 

(2) The action due to falls of equipment onto or from a structure, including the dynamic effects, should be defined 
and taken into account where relevant. 

NOTE The dynamic effects due to such falls of equipment may be given in the National Annex or for the individual pro
ject. 

(3) Where relevant, a human impact load should be taken into account as an accidental action, represented by a 
quasi-static vertical force. 

NOTE The design value of the human impact force may be defined in the National Annex or for the individual project. 
Examples of values are: 

a) 2,5 kN applied over an area 200 mm x 200 mm, to account for stumbling effects 

b) 6,0 kN applied over an area 300 mm x 300 mm, to account for falling effects 

(4) The effects of the actions described in paragraphs (1), (2) and (3) above should be assessed to determine the 
potential for inducing movement in the structure, and also the extent and effect of any such movement should be 
determined, with the potential for progressive collapse assessed. 

NOTE: See also EN1991-1-7. 

(5) Accidental actions used for design situations should be taken into account for any changes. To ensure that the 
appropriate design criteria are applied at all times, corrective measures should be taken as work proceeds. 

(6) Fire actions should be taken into account, where appropriate. 

4.13 Seismic actions 

(1) Seismic actions should be determined according to EN 1998, taking into account the reference period of the 
considered transient situation. 

(2) The design values of ground acceleration and the importance factor)il should be defined. 
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(1) For transient, accidental and seismic design situations the ultimate limit state verifications should be based on 
combinations of actions applied with the partial factors for actions '}!F and the appropriate til factors. 

NOTE 1 For val ues of YF and tj; factors see EN 1990, Annex A 1 . 

NOTE 2 Representative values of the variable action due to construction loads may be set by the National Annex, within 

a recommended range of t/Jo = 0,6 to 1,0. The recommended value of is 1,0. The minimum recommended value of 

tj;2 is 0,2 and it is further recommended that values below 0,2 are not selected. 

NOTE 3 t/J
1 

does not apply to construction loads during execution. 

A1.2 Serviceability limit states 

(1) For the verification of serviceability limit states, the combinations of actions to be taken into account should be the 
characteristic and the quasi-permanent combinations as defined in EN 1990. 

NOTE For recommended values of tf factors see A 1.1, Notes 1 and 2. 

A 1.3 Horizontal actions 

(l)P Further to 4.11.1 (3), horizontal actions resulting from, for example, wind forces and the effects of sway imperfec
tions and sway deformations shall be taken into account. 

NOTE: See also 4.7 and EN 1990:2002,3.5(7). 

(2) Nominal horizontal forces (Fhn) may be applied only when such a method can be justified as appropriate and rea
sonable for a particular case. In such cases, the determined nominal horizontal forces should be applied at locations 
to give the worst effects, and may not always correspond to those of the vertical loads. 

NOTE The characteristic values of these equivalent horizontal forces may be defined in the National Annex or for the in
dividual project. The recommended value is 3 % of the vertical loads from the most unfavourable combination of actions. 
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Annex A2 
(normative) 

Supplementary rules for bridges 

A2.1 Ultimate limit states 

(1) For transient, accidental and seismic design situations the ultimate limit state verifications should be performed. 

NOTE For values of YF and l/J factors see EN 1990, Annex A2. 

A2.2 Serviceability limit states 

(1) For serviceability limit states the partial factors for actions f F should be taken as 1,0 unless otherwise specified 
in EN 1991 to EN 1999. The tf factors should be taken as specified in EN 1990, Annex A2. 

A2.3 Design values of deflections 

(1) For the incremental launching of bridges the design values for vertical deflections (see Figure A2.1) should be 
defined. 

a) Longitudinal detlection 

b) Differential deflection in the transverse direction 

Figure A2.1 : Deflections of bearings during execution for bridges built by the incremental launching 
method 

NOTE 1 The design values of vertical deflection may be defined in the National Annex or for the individual project. The 
recommended values are: 

- ± 10 mm longitudinally for one bearing, the other bearings being assumed to be at the theoretical level (Figure A2.1 a); 

- ± 2,5 mm in the transverse direction for one bearing, the other bearings being assumed to be at the theoretical level 
(Figure A2.1 b). 

NOTE 2 The deflections in the longitudinal and transverse directions are considered separately. 

A2.4 Snow loads 

(1) Snow loads on bridges during execution should be based on values specified in EN 1991-1-3 taking account of 
the required return period (see Section 3). 
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(2) Wilen daily removal of snow (also on weekends and holidays) is required for the project and safety measures 
for removal are provided, the characteristic snow load should be reduced compared to the value speci'fied in EN 
1991-1-3 for the final stage. 

NOTE The reduction may be defined in the National Annex or for the individual project. The recommended characteristic 
value is 30 % of the characteristic value for permanent design situations. 

(3) For the verification of the static equilibrium (EQU), and when justified by climatic conditions and anticipated du
ration of the construction phase, the characteristic snow load should be assumed to be uniformly distributed in the 
areas giving unfavourable action effects and should be equal to x % of the characteristic value for permanent de
sign situations resulting from EN 1991-1-3. 

NOTE The conditions of application of this rule and the reduced percentage value (x %) may be defined in the National 
Annex. The recommended value for x is 75%. 

A2.5 Construction loads 

(1) For the incremental launching of bridges horizontal forces due to friction effects should be determined, and applied 
between the bridge structure, the bearings and the supporting structures, with dynamic action effects taken into ac
count where appropriate. 

(2) The design value of the total horizontal friction forces should be evaluated, should be not less than x % of the 
vertical loads, and should be determined to give the least favourable effects. 

NOTE The value of x % may be specified in the National Annex. The recommended value is 10 %. 

(3) The horizontal friction forces at every pier should be determined with the appropriate friction coefficients, fJmin and 
J.1max. 

NOTE 1 The friction coefficients, J.1min and J.1max, may be defined in the National Annex or for the individual project. 

NOTE 2 Unless more accurate values are available from tests for movements on very low friction surfaces (e.g. PTFE 
polytetrafluoroethylene) the recommended values are: 

fJmin 0 

fJmax 0,04 
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Annex 8 
(informative) 

Actions on structures during alteration, reconstruction or demolition 

(1) Characteristic and other representative values of actions should be determined in accordance with EN 1990. 

(2) The actual performance of structures affected by deterioration should be taken into account in the verification of 
the stages for reconstruction or demolition. The investigation of structural conditions to enable the identification of 
the load-bearing capacity of the structure and to prevent unpredictable behaviour during reconstruction or demoli
tion should be undertaken. 

(3) Guidance for the most common actions, and metllods for their determination, is provided in section 4. How
ever, some construction loads during reconstruction or demolition may have different characteristics and repre
sentations from those shown in Tables 2.2 and 4.1. The effects of such loads on all relevant structures under 
relevant transient design situations should be verified and taken into account. 

(4) Combinations of actions for various design situations should be as given in EN 1990 and its Annexes A1 and 
A2. 

(5) Unless more specific information is known the values of if factors recommended for buildings in Annex A1 
and EN 1990 Annex A 1 and for bridges in EN 1990 Annex A2, may be considered in the design for transient 
deSign situations. 

(6) All imposed loads, including traffic loads, should be considered if part of the structure remains in use during 
its reconstruction or partial demolition. These loads may vary at different transient stages. Traffic loads should 
include, for example, impact and horizontal forces from vehicles, wind actions on vehicles, and aerodynamic ef
fects from passing vehicles and trains where relevant. 

(7) Reduction of traffic loads from their final design values should not be made unless the structure is monitored 
and regularly supervised to an appropriate level. 

(8) The reliability for the remaining structure or parts of the structure under reconstruction, partial or full demolition 
should be consistent with that considered in the Eurocodes for completed structures or parts of structures. 

(9) The actions due to the works should not adversely affect neighbouring structures by, for example, removing or 
imposing loads that may cause instability. 

(10) Construction loads specific for reconstruction or demolition should be determined taking into account, for ex
ample, methods and arrangements of storing materials, the techniques used during reconstruction or demolition, 
the execution system and the particular stages of work. Construction loads during reconstruction or demolition 
may also include the effects of storage from demolished or removed materials and/or dismantled elements, includ
ing horizontal actions. 

(11) Dynamic effects should be considered where it is anticipated that activities during reconstruction or demolition 
will cause such effects. 
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Foreword 

This European Standard (EN 1991-1-7:2006) has been prepared on behalf of Technical Committee 
CEN/TC250 "Structural Eurocodes", the Secretariat of which is held by BSI. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

This European Standard supersedes ENV 1991-2-7: 1998. 

This European Standard shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by January 2007 and conflicting national standards shall be 
withdrawn at the latest by March 2010. 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech 
Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Sweden, Switzerland and the United Kingdom. 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action programme in the field of 
construction, based on Article 95 of the Treaty. The objective of the programme was the elimination of 
technical obstacles to trade and the harmonisation of technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of harmonised 
technical rules for the design of construction works which, in a first stage, would serve as an alternative to 
the national rules in force in the Member States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Member 
States, conducted the development of the Eurocodes programme, which led to the first generation of 
European codes in the 1980s. 

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an 
agreement1 between the Commission and CEN, to transfer the preparation and the publication of the 
Eurocodes to CEN through a series of Mandates, in order to provide them with a future status of 
European Standard (EN). This links de facto the Eurocodes with the provisions of all the Council's 
Directives and/or Commission's Decisions dealing with European standards (e.g. the Council Directive 
89/106/EEC on construction products CPO - and Council Directives 93/37/EEC, 92/50/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in pursuit of setting up 
the internal market). 

The Structural Eurocode programme comprises the following standards generally consisting of a number 
of parts: 

EN 1990 Eurocode Basis of structural design 

EN 1991 Eurocode 1: Actions on structures 

EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of steel structures 

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on Eurocodes for the design of building and civil engineering works (8C/CEN/03/89). 
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EN 1994 Eurocode 4: 

EN 1995 Eurocode 5: 

Design of composite steel and concrete structures 

Design of timber structures 

EN 1996 Eurocode 6: 

EN 1997 Eurocode 7: 

EN 1998 Eurocode 8: 

EN 1999 Eurocode 9: 

Design of masonry structures 

Geotechnical design 

Design of structures for earthquake resistance 

Design of aluminium structures 

Eurocode standards recognise the responsibility of regulatory authorities in each Member State and have 
safeguarded their right to determine values related to regulatory safety matters at a national level where 
these continue to vary from State to State. 

Status and Held of application of Eurocodes 

The Member States of the EU and EFTA recognise that Eurocodes serve as reference documents for the 
following purposes: 

as a means to prove compliance of building and civil engineering works with the essential 
requirements of Council Directive 89/1 06/EEC, particularly Essential Requirement N °1 - Mechanical 
resistance and stability - and Essential Requirement N'2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering services; 

as a framework for drawing up harmonised technical specifications for construction products (ENs 
and ETAs). 

The Eurocodes, as far as ther concern the construction works themselves, have a direct relationship with 
the Interpretative Documents referred to in Article 12 of the CPO, although they are of a different nature 
from harmonised product standards3

. Therefore, technical aspects arising from the Eurocodes work need 
to be adequately considered by CEN Technical Committees and/or EOTA Working Groups working on 
product standards with a view to achieving a full compatibility of these technical specifications with the 
Eurocodes. 

The Eurocode Standards provide common structural design rules for everyday use for the design of 
whole structures and component products of both a traditional and an innovative nature. Unusual forms of 
construction or design conditions are not specifically covered and additional expert consideration will be 
required by the designer in such cases. 

National Standards implementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including any 
annexes), as published by CEN, which may be preceded by a National title page and National foreword, 
and may be followed by a National Annex (informative). 

2 According to Article 3.3 of the CPO, the essential requirements (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links between the essential requirements and the mandates for hENs and ETAGs/ETAs. 

3 According to Article 12 of the CPO the interpretative documents shall: 
a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes 

or levels for each requirement where necessary; 
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of 

calculation and of proof, technical rules for project design, etc.; 
c) seNe as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 

The Eurocodes, de facto, playa similar role in the field of the ER 1 and a part of the ER 2. 
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The National Annex (informative) may only contain information on those parameters which are left open 
in the Eurocode for national choice, known as Nationally Determined Parameters, to be used for the 
design of buildings and civil engineering works to be constructed in the country concerned, i.e.: 

values and/or classes where alternatives are given in the Eurocode; 

values to be used where a symbol only is given in the Eurocode; 

country specific data (geographical, climatic, etc) e.g. snow map; 

procedure to be used where alternative procedures are given in the Eurocode. 

It may also contain: 

decisions on the application of informative annexes; 

references to non contradictory complementary information to assist the user to apply the Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and ETAs) for products 

There is a need for consistency between the harmonised technical specifications for construction 
products and the technical rules for works4. Furthermore, all the information accompanying the CE 
marking of the construction products which refer to Eurocodes shall clearly mention which Nationally 
Determined Parameters have been taken into account. 

Additional information specific to EN 1991-1-7 

EN 1991-1-7 describes Principles and Application rules for the assessment of accidental actions on 
buildings and bridges. The following actions are included: 

impact forces from vehicles, rail traffic, ships and helicopters, 

actions due to internal explosions, 

actions due to local failure from an unspecified cause. 

EN 1991-1-7 is intended for use by: 

clients (e.g. for the formulation of their specific requirements on safety levels), 

designers, 

constructors, and 

relevant authorities. 

EN 1991-1-7 is intended to be used with EN 1990, the other parts of EN 1991 and EN 1992 - 1999 for 
the design of structures. 

National Annex 

This standard gives alternative procedures, values and recommendations for classes with notes 
indicating where national choices may have to be made. Therefore the National Standard implementing 
EN 1991-1-7 should have a National Annex containing all Nationally Determined Parameters to be used 
for the design of buildings and civil engineering works to be constructed in the relevant country. 

4 See Article 3.3 and Article 12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID 1. 
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The National choice is allowed in EN 1991-1-7 through clauses5
: 

Paragraph Item 

2 (2) Classification of accidental actions 

3.1 (2) Strategies for accidental design situations 

3.2(1 ) Level of risk 

3.3(2) Notional accidental action 

3.3(2) Limit of local failure 

3.3(2)@l] Choice of strategies 

3.4{1 ) Consequences classes 

3.4(2) Design approaches 

4.1(1) Definition of lightweight structures 

4.1 (1) Transmission of impact forces to foundations 

4.3.1(1) Values of vehicle impact forces 

4.3.1(1) Impact force as a function of the distance from traffic lanes 

4.3.1(1) Types or elements of structure subject to vehicular collision 

4.3.1 (2) Alternative impact rules 

4.3.1(3) Conditions of impact from road vehicles 

4.3.2(1) Clearances and protection measures and design values 

4.3.2(1) Reduction factor rF 

4.3.2(1) Impact actions on underside of bridge decks 

4.3.2(2) Use of Fdy 

4.3.2(3) Dimension and position of impact areas 

4.4(1 ) Value of impact forces from forklift trucks 

4.5(1 ) Type of rail traffic 

4.5.1.2(1 ) Structures to be included in each exposure class 

.2(1 ) Classification of temporary structures and auxiliary construction works 

4.5.1.4(1 ) Impact forces from derailed traffic 

4.5.1.4(2) Reduction of impact forces 

4.5.1.4(3) Point of application of impact forces 

4.5.1.4(4) Equivalent static forces 

4.5.1.4(5) !Impact forces for speeds greater than 120 km'h 

4.5.1.5(1 ) ments for Class B structures 

4.5.2(1) Areas beyond track ends 

It is proposed to add to each clause of the list what will be allowed for choice: value, procedures, classes. 
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i 4.5.2(4) Impact forces on end walls 

4.6.1 (3) Classification of ship impacts 

4.6.2(1) Values of frontal and lateral forces from ships 

4.6.2(2) Friction coefficients 

4.6.2(3) Application area of impact 

4.6.2(4) Impact forces on bridge decks from ships 

4.6.3(1) Dynamic impact forces from seagoing ships 

4.6.3(3) Friction coefficients 

4.6.3(4}P@j] Dimension and position of impact areas 

} Forces on superstructure 

5.3 (1)P Procedures for internal explosion 

A.4 (1) Details of effective anchorage 
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(1) EN 1991-1-7 provides strategies and rules for safeguarding buildings and other civil engineering 
works against identifiable and unidentifiable accidental actions. 

(2) EN 1991-1-7 defines: 

strategies based on identified accidental actions, 

strategies based on limiting the extent of localised failure. 

(3) The following subjects are dealt with in this part of EN 1991 : 

definitions and symbols (Section 1); 

classification of actions (Section 2); 

design situations (Section 3); 

impact (Section 4); 

explosions (Section 

design for consequences of localised failure in buildings from an unspecified cause (informative 
Annex A); 

information on risk assessment (informative Annex 8); 

dynamic design for impact (informative Annex C); 

internal explosions (informative Annex D). 

(4) Rules on dust explosions in silos are given in EN 1991-4. 

(5) Rules on impact from vehicles travelling on the bridge deck are given in EN 1991-2. 

(6) EN 1991-1-7 does not specifically deal with accidental actions caused by external explosions, warfare 
and terrorist activities, or the residual stability of buildings or other civil engineering works damaged by 
seismic action or fire, etc. 

NOTE See also 3.1. 

1.2 Normative references 

(1) This European Standard incorporates by dated or undated reference provIsions from other 
publications. These normative references are cited at the appropriate places in the text and the 
publications are listed hereafter. For dated references, subsequent amendments to, or revisions of, any of 
these publications apply to this European Standard only when incorporated in it by amendment or 
revision. For undated references, the latest edition of the publication referred to applies (including 
amendments). 

NOTE The Eurocodes were published as European Prestandards. The following European Standards which 
are published or in preparation are cited in normative clauses or in NOTES to normative clauses. 
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EN 1990 

EN 1991-1-1 

EN 1991-1-6 

EN 1991-2 

EN 1991-4 

EN 1992 

EN 1993 

EN 1994 

EN 1995 

EN 1996 

EN 1997 

EN 1998 

EN 1999 

1.3 Assumptions 

Eurocode: Basis of structural design 

Eurocode 1: Actions on structures Part 1-1: Densities, self-weight, imposed loads 
for buildings. 

Eurocode 1: Actions on structures Part 1-6: Actions during execution 

Eurocode 1: Actions on structures Part 2: Traffic loads on bridges 

Eurocode 1 : Actions on structures Part 4: Silos and tanks 

Eurocode 2: Design of concrete structures 

Eurocode 3: Design of steel structures 

Eurocode 4: Design of composite steel and concrete structures 

Eurocode 5: Design of timber structures 

Eurocode 6: Design of masonry structures 

Eurocode 7: Geotechnical design 

Eurocode 8: Design of structures for earthquake resistance 

Eurocode 9: Design of aluminium structures 

(1)P The general assumptions given in EN 1990, 1.3 apply to this part of EN 1991. 

1.4 Distinction between Principles and Application rules 

(1) P The rules given in EN 1990, 1.4 apply to tllis part of EN 1991. 

1.5 Terms and definitions 

(1) For the purposes of this European Standard, general definitions are provided in EN 1990, 1.5. 
Additional definitions specific to this part are given below. 

1.5.1 
burning velocity 
rate of flame propagation relative to the velocity of the unburned dust, gas or vapour that is ahead of it. 

1.5.2 
consequence class 

classification of the consequences of failure of the structure or part of it. 

1.5.3 
deflagration 
propagation of a combustion zone at a velocity that is less than the speed of sound in the unreacted 
medium. 

1.5.4 
detonation 
propagation of a combustion zone at a velocity that is greater than the speed of sound in the unreacted 
medium. 
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force that varies in time and which may cause significant dynamic effects on the structure ; in the case of 
impact, the dynamic force represents the force with an associated contact area at the point of impact (see 
Figure 1.1) . 

1.5.6 
equivalent static force 

F 

"----'''''-----------''r--+--'''=---II---t 

Key: 
a : equivalent static force 
b : dynamic force 
c : structural response 

Figure 1.1 

an alternative representation for a dynamic force including the dynamic response of the structure (see 
Figure 1.1). 

1.5.7 
flame speed 
speed of a flame front relative to a fixed reference point. 

1.5.8 
flammable limit 
minimum or maximum concentration of a combustible material, in a homogeneous mixture with a gaseous 
oxidiser that will propagate a flame. 

1.5.9 
impacting object 
the object impacting upon the structure (i.e. vehicle, ship, etc). 

1.5.10 
key element 
a structural member upon which the stability of the remainder of the structure depends. 

1.5.11 
load-bearing wall construction 
non-framed masonry cross-wall construction mainly supporting vertical loading. Also includes lightweight 
panel construction comprising timber or steel vertical studs at close centres with particle board, expanded 
metal or alternative sheathing. 

1.5.12 
localised failure 
that part of a structure that is assumed to have collapsed, or been severely disabled, by an accidental 
event. 
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1.5.13 
risk 
a measure of the combination (usually the product) of the probability or frequency of occurrence of a 
defined hazard and the magnitude of the consequences of the occurrence. 

1.5.14 
robustness 
the ability of a structure to withstand events like 'fire, explosions, impact or the consequences of human 
error, without being damaged to an extent disproportionate to the original cause. 

1.5.15 
substructure 
that part of a building structure that supports the superstructure. In the case of buildings this usually 
relates to the foundations and other construction work below ground level. In the case of bridges this 
usually relates to foundations, abutments, piers and columns etc. 

1.5.16 
superstructure 
that part of a building structure that is supported by the substructure. In the case of buildings this usually 
relates to the above ground construction. I n the case of bridges this usually relates to the bridge deck. 

1.5.17 
venting panel 
non-structural part of the enclosure (wall, floor, ceiling) with limited resistance that is intended to relieve 
the developing pressure from deflagration in order to reduce pressure on structural parts of the building. 

1.6 Symbols 

(1) For the purpose of this European Standard, the following symbols apply (see also EN 1990). 

Latin upper case letters 

F collision force 

horizontal static equivalent or dynamic design 
structu re (frontal force) @.il 

force on the front side of the supporting 

horizontal static equivalent or dynamic design IEJ) force on the lateral side of the 
supporting structure (lateral force) @.il 

frictional impact force 

deleted @.il 

Ks, deflagration index of a dust cloud 

Pmax maximum pressure developed in a contained deflagration of an optimum mixture 

P,'l'd reduced pressure developed in vented enclosure during a vented deflagration 

P
I
'
1U1 

static activation pressure that activates a vent opening when the pressure is 
increased slowly 

Latin lower case letters 

a height of the application area of a collision force 

b width of an obstacle (e.g. bridge pier) 

IEJ) d distance from the structural element to the centre-line of the road or track@.il 
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h clearance height from roadway surfacing to underside of bridge element; height of a 

collision force above the level of a carriageway 

t ship length 

rF reduction factor 

s ~distance from the structural element to the point where the vehicle 

leaves the trafficked lane 

m Mass 

Vv Velocity 

Greek lower case letters 

J.1 friction coefficient 
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Section 2 Classification of actions 

(1)P Actions within the scope of this part of EN1991 shall be classified as accidental actions in 
accordance with EN 1990,4.1.1. 

NOTE Table 2.1 specifies the relevant clauses and sub-clauses in EN 1990, which apply to the design of a 
structure subjected to Accidental Actions .. 

Table 2.1 - Clauses in EN 1990 specifically addressing accidental actions. 

Section Clause/Sub-clause 

Terms and definitions 1.5.2.5, 1.5.3.5, 

1.5.3.15 

Basic requirements 2.1(4),2.1(5) 

Design situations 3.2(2)P 

Classifications of actions 4.1.1 (1 )P, 4.1.1 (2), 

4.1.2(8) 

Other representative values of variable actions 4.1.3(1 )P 

Combination of actions for accidental design situations 6.4.3.3 

Design values for actions in the accidental and seismic design situations A1.3.2 

(2) Accidental actions due to impact should be considered as free actions unless otherwise specified. 

NOTE The National Annex or the individual project may specify the treatment of accidental actions which are 
not classified as free actions. 
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(1)P Structures shall be designed for the relevant accidental design situations in accordance with EN 
1990, 3.2(2)P. 

(2) The strategies to be considered for accidental design situations are illustrated in Figure 3.1. 

ACCIDENTAL DESIGN 
SITUATIONS 

STRATEGIES BASED ON IDENTIFIED 
ACCIDENTAL ACTIONS 

STRATEGIES BASED ON LIMITING THE 
EXTENT OF LOCALISED FAILURE 

e.g. explosions and impact 

DESIGN THE PREVENTING DESIGN ENHANCED KEY ELEMENT PRESCRIPTIVE 

STRUCTURE TO OR REDUCING STRUCTURE TO REDUNDANCY DESIGNED TO RULES 

HAVE SUFFICIENT THE ACTION SUSTAIN THE e.g. alternative SUSTAIN e.g. integrity 
MINIMUM e.g. protective ACTION load paths NOTIONAL and ductility 

ROBUSTNESS measures ACCIDENTAL 

ACTION Ad 

Figure 3.1 - Strategies for Accidental Design Situations 

NOTE 1 The strategies and rules to be taken into account are those agreed for the individual project with the 
client and the relevant authority. 

NOTE 2 Accidental actions can be identified or unidentified actions. 

NOTE 3 Strategies based on unidentified accidental actions cover a wide range of possible events and are 
related to strategies based on limiting the extent of localised failure. The adoption of strategies for limiting the 
extent of localised failure may provide adequate robustness against those accidental actions identified in 
1.1 (6),or any other action resulting from an unspecified cause. Guidance for buildings is given in Annex A. 

NOTE 4 Notional values for identified accidental actions (e.g. in the case of internal explosions and impact) 
are proposed in this part of EN 1991. These values may be altered in the National Annex or for an individual 
project and agreed for the design by the client and the relevant authority. 

NOTE 5 For some structures (e.g. construction works where there is no risk to human life, and where 
economic, social or environmental consequences are negligible) subjected to accidental actions, the complete 
collapse of the structure caused by an extreme event may be acceptable. The circumstances when such a 
collapse is acceptable may be agreed for the individual project with the client and the relevant authority. 
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3.2 Accidental design situations - strategies for identified accidental actions 

(1) The accidental actions that should be taken into account depend upon: 

the measures taken for preventing or reducing the severity of an accidental action; 

the probability of occurrence of the identified accidental action; 

the consequences of failure due to the identified accidental action; 

public perception; 

the level of acceptable risk. 

NOTE 1 See EN 1990,2.1 (4)P NOTE 1. 

NOTE 2 In practice, the occurrence and consequences of accidental actions can be associated with a certain 
risk level. If this level cannot be accepted, additional measures are necessary. A zero risk level, however, is 
impracticable and in most cases it is necessary to accept a certain level of risk. Such a risk level can be 
determined by various factors, such as the potential number of casualties, the economic consequences and 
the cost of safety measures, etc. 

NOTE 3 Levels of acceptable risks may be given in the National Annex as non contradictory, complementary 
information. 

(2) A localised failure due to accidental actions may be acceptable, provided it will not endanger the 
stability of the whole structure, and that the overall load-bearing capacity of the structure is maintained 
and allows necessary emergency measures to be taken. 

NOTE 1 For building structures such emergency measures may involve the safe evacuation of persons from 
the premises and its surroundings. 

NOTE 2 For bridge structures such emergency measures may involve the closure of the road or rail service 
within a specific limited period. 

(3) Measures should be taken to mitigate the risk of accidental actions and these measures should 
include, as appropriate, one or more of the following strategies: 

a) preventing the action from occurring (e.g. in the case of bridges, by providing adequate clearances 
between the trafficked lanes and the structure) or reducing the probability and/or magnitude of the 
action to an acceptable level through the structural design process (e.g. in the case of buildings 
providing sacrificial venting components with a low mass and strength to reduce the effect of 
explosions) ; 

b) protecting the structure against the effects of an accidental action by reducing the effects of the action 
on the structure (e.g. by protective bollards or safety barriers); 

c) ensuring that the structure has sufficient robustness by adopting one or more of the following 
approaches: 

1) by designing certain components of the structure upon which stability depends as key elements 
(see 1.5.10) to increase the likelihood of the structure's survival following an accidental event. 

2) designing structural members, and selecting materials, to have sufficient ductility capable of 
absorbing significant strain energy without rupture. 

3) incorporating sufficient redundancy in the structure to facilitate the transfer of actions to 
alternative load paths following an accidental event. 
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NOTE 1 It may not be possible to protect the structure by reducing the effects of an accidental action, or 
preventing an action from occurring. This is because an action is dependent upon factors which, over the 
design working life of the structure, may not necessarily be part of the design assumptions. Preventative 
measures may involve periodic inspection and maintenance during the design working life of the structure. 

NOTE 2 For the design of structural members with sufficient ductility, see Annexes A and C, together with EN 
1992 to EN 1999. 

(4)P Accidental actions shall, where appropriate, be applied simultaneously in combination with 
permanent and other variable actions in accordance with EN 1990, 6.4.3.3. 

NOTE For Ij/values, see Annex A of EN 1990. 

(5)P The safety of the structure immediately following the occurrence of the accidental action shall be 
taken into account. 

NOTE This includes the consideration of progressive collapse for building structures. See Annex A. 

3.3 Accidental design situations - strategies for limiting the extent of localised failure 

(1)P In the design, the potential failure of the structure arising from an unspecified cause shall be 
mitigated. 

(2) The mitigation should be reached by adopting one or more of the following approaches: 

a) designing key elements, on which the stability of the structure depends, to sustain the effects of a 
model of accidental action Ad; 

NOTE 1 The National Annex may define the model which may be a concentrated or a distributed load with a 
design value of Ad. The recommended model for buildings is a uniformly distributed notional load applicable in 
any direction to the key element and any attached components (e.g. claddings, etc). The recommended value 
for the uniformly distributed load is 34 kN/m2 for building structures. Reference is made in A.S. 

b) designing the structure so that in the event of a localised failure (e.g. failure of a single member) the 
stability of the whole structure or of a significant part of it would not be endangered; 

NOTE 2 The National Annex may state the acceptable limit of "localised failure". The indicative limit for 
building structures is 100 m2 or 15 % of the floor area, whichever is less, on two adjacent floors caused by the 
removal of any supporting column, pier or wall. This is likely to provide the structure with sufficient robustness 
regardless of whether an identified accidental action has been taken into account. 

c) applying prescriptive design/detailing rules that provide acceptable robustness for the structure (e.g. 
three-dimensional tying for additional integrity, or a minimum level of ductility of structural members 
subject to impact). 

NOTE 3 The National Annex may state which of the approaches given in 3.3 are to be considered for various 
structures. ~ Text deleted ~ 

3.4 Accidental design situations - use of consequence classes 

(1) The strategies for accidental design situations may be based on the following consequences classes 
as set out in EN1990. 

CC1 Low consequences of failure 

CC2 Medium consequences of failure 

CC3 High consequences of failure 
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NOTE 1 EN 1990 Annex B provides further information. 

NOTE 2 In some circumstances it may be appropriate to treat some parts of the structure as belonging to a 
different consequence class, e.g. a structurally separate low rise wing of a building that is serving a less 
critical function than the main building. 

NOTE 3 Preventative and/or protective measures are intended to remove or to reduce the probability of 
damage to the structure. For design purposes this can sometimes be taken into consideration by assigning the 
structure to a lower consequence class. In other cases a reduction of forces on the structure may be more 
appropriate. 

NOTE 4 The National Annex may provide a categorisation of structures according to the consequences 
classes in 3.4(1). A suggested classification of consequences classes relating to buildings is provided in 
Annex A. 

(2) Accidental design situations for the different consequences classes given in 3.4(1) may be considered 
in the following manner: 

CC 1: no specific consideration is necessary for accidental actions except to ensure that the 
robustness and stability rules given in EN 1990 to EN1999, as applicable, are met; 

CC2: depending upon the specific circumstances of the structure, a simplified analysis by static 
equivalent action models may be adopted or prescriptive design/detailing rules may be applied; 

CC3: an examination of the specific case should be carried out to determine the level of reliability and 
the depth of structural analyses required. This may require a risk analysis to be carried out and the use of 
refined methods such as dynamic analyses, non-linear models and interaction between the load and the 
structure. 

NOTE The National Annex may give reference to, as non conflicting, complementary information, appropriate 
design approaches for higher and lower consequences classes .. 
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Section 4 Impact 

4.1 Field of application 

(1) This section defines accidental actions due to the following events: 
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impact from road vehicles (excluding collisions on lightweight structures) (see 4.3); 

impact from forklift trucks (see 4.4); 

impact from trains (excluding collisions on lightweight structures) (see 4.5); 

impact from ships (see 4.6); 

the hard landing of helicopters on roofs (see 4.7). 

NOTE 1 Accidental actions on lightweight structures which are excluded from the field of application above 
(e.g. gantries, lighting columns, footbridges) may be referred to in the National Annex, as non contradictory 
complementary information .. 

NOTE 2 For impact loads on kerbs and parapets, see EN 1991-2. 

NOTE 3 The National Annex may give guidance on issues concerning the transmission of impact forces to 
the foundations as non contradictory complementary information. See EN 1990, 5.1.3 (4). 

(2)P For buildings, actions due to impact shall be taken into account for: 

buildings used for car parking, 

buildings in which vehicles or forklift trucks are permitted, and 

buildings that are located adjacent to either road or railway traffic. 

(3) For bridges, the actions due to impact and the mitigating measures provided should take into account, 
amongst other things, the type of traffic on and under the bridge and the consequences of the impact. 

(4)P Actions due to impact from helicopters shall be taken into account for buildings where the roof 
contains a designated landing pad. 

4.2 Representation of actions 

(1) Actions due to impact should be determined by a dynamic analysis or represented by an equivalent 
static force. 

NOTE 1 The forces at the interface of the impacting object and the structure depend on their interaction. 

NOTE 2 The basic variables for impact analysis are the impact velocity of the impacting object and the mass 
distribution, deformation behaviour and damping characteristics of both the impactillg object and the structure. 
Other factors such as the angle of impact, the construction of the impacting object and movement of the 
impacting object after collision may also be relevant. 

NOTE 3 See Annex C for further guidance. 

(2) It may be assumed that the impacting body absorbs all the energy. 

NOTE In general, this assumption conservative results. 
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(3) For determining the material properties of the impacting object and of the structure, upper or lower 
characteristic values should be used, where relevant. Strain rate effects should also be taken into 
account, where appropriate. 

(4) For structural design the actions due to impact may be represented by an equivalent static force giving 
the equivalent action effects in the structure. This simplified model may be used for the verification of 
static equilibrium, for strength verifications and for the determination of deformations of the impacted 
structure. 

(5) For structures wrlich are designed to absorb impact energy by elastic-plastic deformations of members 
(Le. soft impact), the equivalent static loads may be determined by taking into account both plastic 
strength and the deformation capacity of such members. 

NOTE For further information see Annex C. 

(6) For structures for which the energy is mainly dissipated by the impacting body (Le. hard impact), the 
dynamic or equivalent static forces may be determined from clauses 4.3 to 4.7. 

NOTE Some information on design values for masses and velocities of colliding objects as a basis for a 
dynamic analysis may be found in Annex C. 

4.3 Accidental actions caused by road vehicles 

4.3.1 Impact on supporting substructures 

(1) Design values for actions due to impact on the supporting structures (e.g. columns and walls of 
bridges or buildings) adjacent to various types of roads should be defined. 

NOTE 1 For hard impact 4.2.(6)) from road traffic the design values may be defined in the National 
Annex. The indicative equivalent static design force may be taken from Table 4.1. The choice of the values 
may take account of the consequences of the impact, the expected volume and type of traffic, and any 
mitigating measures provided. See EN 1991-2 and Annex C. Guidance on risk analysis may be found in 
Annex B jf required. 
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Table 4.1 - Indicative equivalent static design forces due to vehicular impact on members 
supporting structures over or adjacent to roadways. 

Category of traffic Force Fdx a Force Fd/ 

[kN] [kN] 

Motorways and country national and main roads 1000 500 

Country roads in rural area 750 375 

Roads in urban area 500 250 

Courtyards and parking garages with access to: 

- Cars 50 25 

Lorries b 150 75 

x direction of normal travel, y:::;: perpendicular to the direction of normal travel. 

b The term "lorry" refers to vehicles with maximum gross weight greater than 3,5 tonnes. 

~ NOTE 2 The National Annex may prescribe the force as a function of distance s from the structural 
element to the point where the vehicle leaves the trafficked lane and d the distance from the structural 
element to the centre-line of the road or track. Information on the effect of the distance s, where 
applicable, can be found in Annex C. @J] 

NOTE 3 The National Annex may define types or elements of the structure that may not need to be 
considered for vehicular collision. 

NOTE 4 For impact from traffic on bridges, reference should be made to EN 1991-2. 

NOTE 5 For guidance on accidental actions caused by road vehicles on bridges also carrying rail traffic, see 
UIC leaflet 777.1 R. 

(2) The application of the forces Fdx and should be defined. 

NOTE Rules for the application of Fdx and may be defined in the National Annex or for the individual 
project. It is recommended that Fdx does not act simultaneously with Fdy . 

(3) For impact on the supporting structures the applicable area of resulting collision force F should 
be specified. 

NOTE The National Annex may define the conditions of impact from road vehicles. The recommended 
conditions are as follows (see Figure 4.1): 

for impact from lorries the collision force F may be applied at any height h between 0,5 m to 1,5 m above 
the level of the carriageway or higher where certain types of protective barriers are provided. The 
recommended application area is a 0,5 m (height) by 1,50 m (width) or the member width, whichever is 
the smaller. 

Page 21 



BS EN 1991-1-7:2006 
EN 1991-1-7:2006 (E) 

Key 

for impact from cars the collision force F may be applied at h 0,50 m above the level of the carriageway. 
The recommended application area is a 0,25 m (height) by 1,50 m (width) or the member width, 
whichever is the smaller. 

• • 
I g [ I -..::~ .. -.. --... -.. -.. -.. -...... -..... -..................... _ ...... __ . __ . __ . __ .. _. __ . __ .==""' .. "" 

a is the height of the recommended force application area. Ranges from 0,25 m (cars) to 0,50 m (lorries). 

h is the location of the resulting collision force F, i.e. the height above the level of the carriageway. Ranges 
from 0,50 m (cars) to 1,50 m (lorries). 

x is the centre of the lane. 

Figure 4.1 - Collision force on supporting substructures near traffic lanes 

for bridges and supporting structures for buildings. 

4.3.2 Impact on superstructures 

(1) Design values for actions due to impact from lorries and/or loads carried by the lorries on members of 
the superstructure should be defined unless adequate clearances or suitable protection measures to 
avoid impact are provided. 

NOTE 1 The design values for actions due to impact, together with the values for adequate clearances and 
suitable protection measures to avoid impact, may be defined in the National Annex. The recommended value 
for adequate clearance, excluding future re-surfacing of the roadway under the bridge, to avoid impact is in the 
range 5,0 m to 6,0 m. The indicative equivalent static design forces are given in Table 4.2. 
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Table 4.2 - Indicative equivalent static design forces due to impact on superstructures. 

Category of traffic Equivalent static design force Fdx a 

[kN] 

Motorways and country national and main roads 500 

Country roads in rural area 375 

Roads in urban area 250 

Courtyards and parking garages 75 

a X = direction of normal travel. 

NOTE 2 The choice of the values may take account of the consequences of the impact, the expected volume 
and type of traffic, and any mitigating (protective and preventative) measures provided. 

NOTE 3 On vertical surfaces the design impact loads are equal to the equivalent static design forces due to 
impact given in Table 4.2. For ho ::; h::; h1, these values may be multiplied by a reduction factor rF. The values 
of rF, ho and h1 may be given in the National Annex. Recommended values of rF, ho and h1 are given in Figure 
4.2. 

, 
1.0 

F 

0'------------"'------»-
n=hO 

[§) h is the physical clearance between the road surface and the underside of the bridge deck at 
the impact point 

ho is the clearance between the road surface and the underside of the bridge deck, below 
which an impact on the superstructure need to be taken into account without any reduction. The 
recommended value of ho is 5,0 m (+ allowances for vertical sag curve and deflection of the bridge, 
and expected settlements) 

h1 is the clearance between the road surface and the underside of the bridge deck, above which no 
impact need to be considered. The recommended value of h1 is 6,0 m (+ allowances for future 
resurfacing, vertical sag curve and deflection of the bridge, and expected settlements) . @il 

b is the difference in height between h1 and ho, i.e. b = h1 - ho. The recommended value for b is 1,0 m. A 
reduction factor for F is allowed for values of b between 0 and 1 m, i.e. between ho and h1. 

Figure 4.2 - Recommended value of the factor rF for vehicular collision forces on horizontal structural 
members above roadways, depending on the clearance height h. 
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NOTE 4 On the underside sutiaces of bridge decks the same impact loads as above with an upward 
inclination may have to be taken into account: the conditions of impact may be given in the National Annex . 
The recommended value of upward inclination is 10°, see Figure 4.3. 

F 

x 

l?LLLJ~ 
F 10') 10" 

h 
h 

x: direction of traffic 

h: height of the bridge from the road surface measured to either the soffit or the structural 
members 

Figure 4.3 - Impact force on members of the superstructure. 

NOTE 5 In determining the value of h allowance should be made for any possible future reduction caused by 
the resurfacing of the roadway under the bridge. 

(2) Where appropriate, forces perpendicular to the direction of normal travel , Fdy , should also be taken 
into account. 

NOTE The use of Fdy may be defined in the National Annex or for the individual project. It is recommended 
that Fdy does not act simultaneously with Fdx. 

(3) The applicable area of the impact force F on the members of the superstructure should be specified . 

NOTE The National Annex may define the dimensions and positions of the impact area. The recommended 
area of impact is a square with the sides of 0,25 m length . 

4.4 Accidental actions caused by forklift trucks 

(1) Design values for accidental actions due to impact from forklift trucks should be determined taking into 
account the dynamic behaviour of the forklift truck and the structure. The structural response may allow 
for non linear deformation. As an alternative to a dynamic analysis an equivalent static design force F may be 
applied. 

NOTE The National Annex may give the value of the equivalent static design force F. It is recommended that 
the value of F is determined according to advanced impact design for soft impact in accordance with C.2.2. 
Alternatively, it is recommended that F may be taken as 5 W, where W is the sum of the net weight and 
hoisting load of a loaded truck (see EN 1991-1,1 , Table 6.5), applied at a height of 0,75 m above floor level. 
However, higher or lower values may be more appropriate in some cases. 
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4.5 Accidental actions caused by derailed rail traffic under or adjacent to structures 

(1) Accidental actions due to rail traffic should be defined. 

NOTE The National Annex may give the types of rail traffic for which the rules in this clause are applicable. 

4.5.1 Structures spanning across or alongside operational railway lines 

4.5.1.1 General 

(1) Design values for actions due to impact on supporting members (e.g. piers and columns) caused by 
derailed trains passing under or adjacent to structures should be determined. See 4.5.1.2. The strategy 
for design can also include other appropriate measures (both preventative and protective) to reduce, as 
far as is reasonably practicable, the effects of an accidental impact from a derailed train against supports 
of structures located above or adjacent to the tracks. The values chosen should be dependent on the 
classification of the structure. 

NOTE 1 Derailment actions from rail traffic on bridges carrying rail traffic are specified in EN 1991-2. 

NOTE 2 For more extensive guidance on accidental actions related to rail traffic, reference may be made to 
the UIC-code 777-2. 

4.5.1.2 Classification of structures 

(1) Structures that may be subject to impact from derailed railway traffic should be classified according to 
Table 4.3. 

Table 4.3 - Classes of structures subject to impact from derailed railway traffic. 

Class A Structures that span across or near to the operational railway that are either 
permanently occupied or serve as a temporary gathering place for people or 
consist of more than one storey. 

Class B Massive structures that span across or near the operational railway such as 
bridges carrying vehicular traffic or single storey buildings that are not 
permanently occupied or do not serve as a temporary gathering place for 
people. 

NOTE 1 The structures to be included in either Classes A or B may be defined in the National Annex or for 
the individual project. 

NOTE 2 The National Annex may give reference to the classification of temporary structures such as 
temporary footbridges or similar structures used by the public as well as auxiliary construction works as non 
contradictory, complementary information. See EN 1991-1-6. 

NOTE 3 Further information and background on this classification system given in Table 4.3 is given in 
relevant UIC-documents. 

4.5.1.3 Accidental design situations in relation to the classes of structure 

(1) Situations involving the derailment of rail traffic under or on the approach to a structure classified as 
Class A or B should be taken into account as an accidental design situation, in accordance with EN 1990, 
3.2. 

(2) Impact on the superstructure (deck structure) from derailed rail traffic under or on the approach to a 
structure need not generally be taken into account. 
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4.5.1.4 Class A structures 

(1) For class A structures, where the maximum speed of rail traffic at the location is less than or equal to 
120 km/h, design values for the static equivalent forces due to impact on supporting structural members 
(e.g. columns, walls) should be specified. 

NOTE The static equivalent forces and their identification may be given in the National Annex. Table 4.4 
gives indicative values. 

Table 4.4 - Indicative horizontal static equivalent design forces due to impact for class A structures 
over or alongside railways. 

Distance "d"from structural elements to the Force Fd/ Force Fd/ 
centreline of the nearest track 

(kN) (kN) 
(m) 

Structural elements: d < 3 m To be specified for the To be specified for the 
individual project. individual project. 

Further information is set Further information is set out 
out in Annex B in Annex B 

For continuous walls and wall type structures: 3 4000 1 500 
m ~ d~ 5 m 

d>5 m 0 0 

a X = track direction; y = perpendicular to track direction. 

(2) Where supporting structural members are protected by solid plinths or platforms, etc., the value of 
impact forces may be reduced. 

NOTE Reductions may be given in the National Annex. 

(3) The forces Fdx and (see Table 4.4) should be applied at a specified height above track level. The 
design should take into account and Fdy separately. 

NOTE The height above track level of the point of application for Fdx and Fdy may be given in the National 
Annex. The recommended value is 1,8 m. 

(4) If the maximum speed of rail traffic at the location is lower or equal to 50 km/h, the values of the forces 
in Table 4.4 may be reduced. 

I\lOTE The amount of the reduction may be given in the National Annex. The recommended reduction is 50 
%. Further information may be found in UIC 777-2. 

(5) Where the maximum permitted speed of rail traffic at the location is greater than 120 km/h, the values 
of the horizontal static equivalent design forces Fdx and Fdy , which take into account additional 
preventative and/or protective measures should be determined assuming that consequence class CC3 
applies. See 3.4(1). 

NOTE The values for Fdx and Fdy, which may take into account additional preventative and/or protective 
measures, may be given in the National Annex or for the individual project. 
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(1) For class B structures, each requirement should be speci'fied. 
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NOTE Information may be given in the National Annex or for the individual project. Each requirement may be 
based on a risk assessment. Information on the factors and measures to consider is given in Annex B. 

4.5.2 Structures located in areas beyond track ends 

(1) Overrunning of rail traffic beyond the end of a track or tracks (for example at a terminal station) should 
be taken into account as an accidental design situation in accordance with EN 1990 when the structure or 
its supports are located in the area immediately beyond the track ends. 

NOTE The area immediately beyond the track ends may be specified either in the National Annex or for the 
individual project. 

(2) The measures to manage the risk should be based on the utilisation of the area immediately beyond 
the track end and take into account any measures taken to reduce the likelihood of an overrun of rail 
traffic. 

(3) Supporting structural members to structures should generally not be located in the area immediately 
beyond the track ends. 

(4) Where supporting structural members are required to be located near to track ends, an end impact 
wall should be provided in the area immediately beyond the track ends in addition to any buffer stop. 
Values of static equivalent forces due to impact onto an end impact wall should be specified. 

NOTE Particular measures and alternative design values for the static equivalent force due to impact may be 
specified in the National Annex or for the individual project. The recommended design values for the static 
equivalent force due to impact on the end impact wall is Fdx = 5 000 kN for passenger trains and Fdx = 10 000 kN 
for shunting and marshalling trains. It is recommended that these forces are applied horizontally and at a level of 
1 ,0 m above track level. 

4.6 Accidental actions caused by ship traffic 

4.6.1 General 

(1) Accidental actions due to collisions from ships should be determined taking account of, amongst other 
things, the following: 

the type of waterway, 

the flood conditions, 

the type and draught of vessels and their impact behaviour, and 

the type of the structures and their energy dissipation characteristics. 

(2) The types of ships on inland waterways to be taken into account in the case of ship impact on 
structures should be classified according to the CEMT classification system. 

NOTE The CEMT classification is given in Table C.3 in Annex C. 

(3) The characteristics of ships on sea waterways to be taken into account in the case of ship impact on 
structures should be defined. 

NOTE 1 The National Annex may define a classification system for ships on sea waterways. Table C.4 in 
Annex C gives an indicative classification for such ships. 
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NOTE 2 For information on the probabilistic modelling of ship collision, see Annex B. 

(4) Where the design values for actions due to ship impact are determined by advanced methods, the 
effects of hydrodynamic added mass should be taken into account. 

(5) The action due to impact should be represented by two mutually exclusive forces: 

a frontal force . ~ (in the direction of the normal travel, usually perpendicular to the longitudinal 
axis of the superstructure (deck)) 

a lateral force with a component 
component FR parallel to Fdx . 

acting perpendicularly to the frontal impact force and a friction 

(6) Structures designed to accept ship impact in normal operating conditions (e.g. quay walls and 
breasting dolphins) are out of the scope of this part of EN 1991. 

4.6.2 Impact from river and canal traffic 

(1) Frontal and lateral dynamic design forces due to impact 'from river and canal traffic should be specified 
where relevant. 

NOTE Values of frontal and lateral dynamic forces may be given either in the National Annex or for the 
individual project. Indicative values are given in Annex C (Table C.3) for a number of standard ship 
characteristics and standard design situations, including the effects of added hydraulic mass, and for ships of 
other masses. 

(2) The impact force due to friction FR acting simultaneously with the lateral impact force 
determined from expression (4.1): 

(4. 1) 

where: 

J1 is the friction coefficient. 

NOTE J.l may be given in the National Annex. The recommended value is J.l :::: 0,4. 

should be 

(3) The forces due to impact should be applied at a height above the maximum navigable water level 
depending on the ship's draught (loaded or in ballast). The height of application of the impact force and 
the impact area b x h should be defined. 

NOTE 1 The height of application of the impact force and the impact area b x h may be defined in the 
National Annex or for the individual project. In the absence of detailed information, the force may be applied at 
a height of 1,50 m above the relevant water level. An impact area b x h where b bpier and h 0,5 m for 
frontal impact and an area b x h where h 1,0 m and b = 0,5 m for lateral impact may be assumed. bpier is the 
width of the obstacle in the waterway, for example of the bridge pier. 

NOTE 2 Under certain conditions it may be necessary to assume that the s~lip is lifted over an abutment or 
foundation block prior to colliding with columns. 

(4) Where relevant, the deck of a bridge should be designed to sustain an equivalent static force due to 
impact from a ship acting in a transverse direction to the longitudinal (span) axis of the bridge. 

NOTE A value for the equivalent static force may be defined in the National Annex of for the individual 
project. An indicative value is 1 MN. 
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(1) Frontal static equivalent design forces due to impact from seagoing vessels should be specified. 

NOTE Values of frontal and lateral dynamic impact forces may be given in the National Annex or for the 
individual project. Indicative values are given in Table C.4 and interpolation of these values is permitted. The 
values hold for typical sailing channels and may be reduced for structures outside this region. For smaller 
vessels the forces may be calculated using C.4. 

(2) Bow, stern and broad side impact should be considered where relevant. Bow impact should be 
considered for the main sailing direction with a maximum deviation of 30°. 

(3) The frictional impact force acting simultaneously with the lateral impact should be determined from 
expression (4.2): 

FR J.l (4. 2) 

where: 

Ii is the friction coefficient. 

NOTE J1 may be given in the National Annex. The recommended value is J1 = 0,4. 

(4)P The position and area over which the impact force is applied depend upon the geometry of the 
structure and the size and geometry (e.g. with or without bulb) of the vessel, the vessel draught and trim, 
and tidal variations. The vertical range of the point of impact shall account for the most unfavourable 
conditions for the vessels travelling in the area. 

NOTE The limits on the area and position of the force range may be given in the National Annex. 
Recommended limits on the area of impact are a,a5t' for the height and 0,1 t' for the width (t' = ship length). 
The limits on the position of the force in the vertical direction may be taken as being a,a5t' below to a,a5t' 
above the design water levels. See Figure 4.4. 

","",,1"""""'· Lt) ... _._ .....• 
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Figure 4.4 - Indicative impact areas for ship impact. 

(5) The forces on a superstructure should be determined by taking account of the height of the structure 
and the type of ship to be expected. In general the force on the superstructure of the bridge will be limited 
by the yield strength of the ships' superstructure. 
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NOTE 1 The force may be given in the National Annex or for a particular project. A range of 5 to 10 % of the 
bow impact force may be considered as a guideline. 

NOTE 2 In cases where only the mast is likely to impact on the superstructure the indicative design load is 1 
MN. 

4.7 Accidental actions caused by helicopters 

(1) For buildings with roofs designated as a landing pad for helicopters, an emergency landing force 
should be taken into account. The vertical equivalent static design force should be determined from 
expression (4.3): 

(4.3) 

where: 

C is 3 kN kg-a
,5 

m is the mass of the helicopter [kg]. 

(2) The force due to impact should be considered as acting on any part of the landing pad as well as on 
the roof structure within a maximum distance of 7 m from the edge of the landing pad. The area of impact 
should be taken as 2 m x 2 m. 
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Section 5 Internal explosions 

5.1 Field of application 

(1)P Explosions shall be taken into account in the design of all parts of the building and other civil 
engineering works where gas is burned or regulated, or where explosive material such as explosive 
gases, or liquids forming explosive vapour or gas is stored or transported (e.g. chemical facilities, vessels, 
bunkers, sewage constructions, dwellings with gas installations, energy ducts, road and rail tunnels). 

(2) Effects due to explosives are outside the scope of this part. 

(3) The influence on the magnitude of an explosion of cascade effects from several connected rooms 
filled with explosive dust, gas or vapour is also not covered in this part. 

(4) This section defines actions due to internal explosions. 

5.2 Representation of action 

(1) Explosion pressures on structural members should be determined taking into account, as appropriate, 
reactions transmitted to the structural members by non structural members. 

NOTE 1 For the purpose of this part an explosion is defined as a rapid chemical reaction of dust, gas or 
vapour in air. It results in high temperatures and high overpressures. Explosion pressures propagate as 
pressure waves. 

NOTE 2 The pressure generated by an internal explosion depends primarily on the type of dust, gas or 
vapour, the percentage of dust, gas or vapour in the air and the uniformity of the dust, gas or vapour air 
mixture, the ignition source, the presence of obstacles in the enclosure, the size, the shape and the strength of 
the enclosure in which the explosion occurs, and the amount of venting or pressure release that may be 
available. 

(2) Due allowance should be given for the probable presence of dust, gas or vapour in rooms or groups of 
rooms throughout the building, for venting effects, for the geometry of the room or group of rooms under 
consideration, etc. 

(3) For construction works classified as CC1 (see Section 3) no specific consideration of the effects of an 
explosion should be necessary other than complying with the rules for connections and interaction 
between components provided in EN 1992 to EN 1999. 

(4) For construction works classified as CC2 or CC3, key elements of the structure should be designed to 
resist actions by either using an analysis based upon equivalent static load models, or by applying 
prescriptive design/detailing rules. Additionally for structures classified as CC3 a dynamic analysis should 
be used. 

NOTE 1 The methods given in Annexes A and 0 may be applied. 

NOTE 2 Advanced design for explosions may include one or more of the following aspects: 

explosion pressure calculations, including the effects of confinements and venting panels; 

dynamic non linear structural calculations; 

probabilistic aspects and analysis of consequences; 

economic optimisation of mitigating measures. 
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5.3 Principles for design 

(1)P Structures shall be designed to resist progressive collapse resulting from an internal explosion, in 
accordance with EN 1990, 2.1 (4)P. 

NOTE The National Annex may give the procedures to be used for the types of internal explosions. Guidance 
on dealing with the following specific types of explosion is given in Annex 0: 

dust explosions in rooms, vessels and bunkers; 

natural gas explosions in rooms; 

gas and vapour/air explosions (defined in 5.1 (1)P) in road and rail tunnels. 

(2) The design may permit failure of a limited part of the structure provided this does not include key 
elements upon which the stability of the whole structure depends. 

(3) The consequences of explosions may be limited by applying one or more of the following measures: 

designing the structure to resist the explosion peak pressure; 

NOTE Whilst the peak pressures may be higher than the values determined by the methods given in Annex 
0, such peak pressures have to be considered in the context of a maximum load duration of 0,2 s and assume 
plastic ductile material behaviour. 

using venting panels with defined venting pressures; 

separating adjacent sections of the structure that contain explosive materials; 

limiting the area of structures that are exposed to explosion risks; 

providing specific protective measures between adjacent structures exposed to explosion risks to 
avoid propagation of pressures. 

(4) The explosive pressure should be assumed to act effectively simultaneously on all of the bounding 
surfaces of the enclosure in which the explosion occurs. 

(5) Venting panels should be placed close to the possible ignition sources, if known, or where pressures 
are high. They should be discharged at a suitable location that will not endanger personnel or ignite other 
material. The venting panel should be restrained so that it does not become a missile in the event of an 
explosion. The design should limit the possibilities that the effects of the fire causes any impairment of the 
surroundings or initiates an explosion in an adjacent room. 

(6) Venting panels should be opened at a low pressure and should be as light as possible. 

NOTE If windows are used as venting panels it is recommended that the risk of injury to persons from glass 
fragments or other structural members be considered. 

(7)P In determining the capacity of the venting panel, account shall be taken of the dimensioning and 
construction of the supporting frame of the panel. 

(8) After the first positive phase of the explosion with an overpressure, a second phase follows with an 
under-pressure. This effect should be considered in the design where relevant. 

NOTE Assistance by specialists is recommended. 
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Design for consequences of localised failure in buildings from an 
unspecified cause 

A.1 Scope 

(1) This Annex A gives rules and methods for designing buildings to sustain an extent of localised failure 
from an unspecified cause without disproportionate collapse. Whilst other approaches may be equally 
valid, adoption of this strategy is likely to ensure that a building, depending upon the consequences class 
(see 3.4), is sufficiently robust to sustain a limited extent of damage or failure without collapse. 

A.2 Introduction 

(1) Designing a building such that neither the whole building nor a significant part of it will collapse if 
localised failure were sustained, is an acceptable strategy, in accordance with Section 3 of this part. 
Adopting this strategy should provide a building with sufficient robustness to survive a reasonable range 
of undefined accidental actions. 

(2) The minimum period that a building needs to survive following an accident should be that period 
needed to facilitate the safe evacuation and rescue of personnel from the building and its surroundings. 
Longer periods of survival may be required for buildings used for handling hazardous materials, provision 
of essential services, or for national security reasons. 

A.3 Consequences classes of buildings 

(1) Table A.1 provides a categorisation of building types/occupancies to consequences classes. This 
categorisation relates to the low, medium and high consequences classes given in 3.4 (1). 
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Table A.1 - Categorisation of consequences classes. 

Consequence Example of categorisation of building type and occupancy 
class 

1 Single occupancy houses not exceeding 4 storeys. 
Agricultural buildings. 
Buildings into which people rarely go, provided no part of the building is closer to 
another building, or area where people do go, than a distance of 11/2 times the 
building height. 

2a 5 storey single occupancy houses. 
Lower Risk Hotels not exceeding 4 storeys. 

Group Flats, apartments and other residential buildings not exceeding 4 storeys. 
Offices not exceeding 4 storeys. 
Industrial buildings not exceeding 3 storeys. 
Retailing premises not exceeding 3 storeys of less than 1 000 m2 floor area in each 
storey. 
Single storey educational buildings 
All buildings not exceeding two storeys to which the public are admitted and which 
contain floor areas not exceeding 2000 m2 at each storey. 

2b Hotels, flats, apartments and other residential buildings greater than 4 storeys but 
Upper Risk not exceeding 15 storeys. 

Group Educational buildings greater than single storey but not exceeding 15 storeys. 
Retailing premises greater than 3 storeys but not exceeding 15 storeys. 
Hospitals not exceeding 3 storeys. 
Offices greater than 4 storeys but not exceeding 15 storeys. 
All buildings to which the public are admitted and which contain floor areas 
exceeding 2000 m2 but not exceeding 5000 m2 at each storey. 
Car parking not exceeding 6 storeys. 

3 All buildings defined above as Class 2 Lower and Upper Consequences Class that 
exceed the limits on area and number of storeys. 
All buildings to which members of the public are admitted in significant numbers. 
Stadia accommodating more than 5 000 spectators 
Buildings containing hazardous substances and lor processes 

NOTE 1 For buildings intended for more than one type of use the "consequences class" should be that 
relating to the most onerous type. 

NOTE 2 In determining the number of storeys basement storeys may be excluded provided such basement 
storeys fulfil the requirements of "Consequences Class 2b Upper Risk Group". 

NOTE 3 Table A.1 is not exhaustive and can be adjusted 

A.4 Recommended strategies 

(1) Adoption of the following recommended strategies should provide a building with an acceptable level 
of robustness to sustain localised failure without a disproportionate level of collapse. 

a) For buildings in Consequences Class 1 : 

Provided a building has been designed and constructed in accordance with the rules given in EN 1990 to 
EN 1999 for satisfying stability in normal use, no further specific consideration is necessary with regard to 
accidental actions from unidentified causes. 
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In addition to the recommended strategies for Consequences Class 1, the provision of effective horizontal 
ties, or effective anchorage of suspended floors to walls, as defined in A.5.1 and A.5.2 respectively for 
framed and load-bearing wall construction should be provided. 

NOTE 1 Details of effective anchorage may be given in the National Annex. 

c) For buildings in Consequences Class 2b (Upper Group): 

In addition to the recommended strategies for Consequences Class 1, the provision of: 

horizontal ties, as defined in A.5.1 and A.5.2 respectively for framed and load-bearing wall 
construction (see 1.5.11), together with vertical ties, as defined in A.6, in all supporting columns and 
walls should be provided, or alternatively, 

the building should be checked to ensure that upon the notional removal of each supporting column 
and each beam supporting a column, or any nominal section of load-bearing wall as defined in A. 7 
(one at a time in each storey of the building) the building remains stable and that any local damage 
does not exceed a certain limit. 

Where the notional removal of such columns and sections of walls would result in an extent of damage in 
excess of the agreed limit, or other such limit specified, then such elements should be designed as a "key 
element" (see A.S). 

In the case of buildings of load-bearing wall construction, the notional removal of a section of wall, one at 
a time, is likely to be the most practical strategy to adopt. 

For buildings in Consequences Class 3: 

A systematic risk assessment of the building should be undertaken taking into account both foreseeable 
and unforeseeable hazards. 

NOTE 2 Guidance on risk analysis is included in Annex B. 

NOTE 3 The limit of admissible local failure may be different for each type of building. The recommended 
value is 15 % of the floor, or 100 m2

, whichever is smaller, in each of two adjacent storeys ~, in accordance 
with 3.3.(1)P @iI. See Figure A.1. 
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(8) 

Key 

(A) Local damage not exceeding 15 % of floor area in each of two adjacent storeys 

(8) Notional column to be removed 

a) Plan b) Section 

Figure A.1 - Recommended limit of admissible damage. 

A.S Horizontal ties 

A.S.1 Framed structures 

(1) Horizontal ties should be provided around the perimeter of each floor and roof level and internally in 
two right angle directions to tie the column and wall elements securely to the structure of the building. The 
ties should be continuous and be arranged as closely as practicable to the edges of floors and lines of 
columns and walls. At least 30 % of the ties should be located within the close vicinity of the grid lines of 
the columns and the walls. 

NOTE See the example in Figure A.2. 

(2) Horizontal ties may comprise rolled steel sections, steel bar reinforcement in concrete slabs, or steel 
mesh reinforcement and profiled steel sheeting in composite steel/concrete floors (if directly connected to 
the steel beams with shear connectors). The ties may consist of a combination of the above types. 

(3) Each continuous tie, including its end connections, should be capable of sustaining a design tensile 
load of "Tj' for the accidental limit state in the case of internal ties, and" TP" , in the case of perimeter ties, 
equal to the following values: 

for internal ties ~ = O,8(g k + lj/qk )sL or 75 kN, whichever is the greater. (A.1 ) 

for perimeter ties Tp = O,4(gk + lj/qk )sL or 75 kN, whichever is the greater. (A.2) 

where: 

s is the spacing of ties, 

L is the span of the tie, 

lj/ is the relevant factor in the expression for combination of action effects for the accidental design 

situation (Le. If/1 or If/2 in accordance with expression (6.11 b) of EN 1990). 
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NOTE See the example in Figure A.2. 

2 trl 2rn 3m 

I I I 

Key 
(a) 6 m span beam as internal tie 

(b) All beams designed to act as ties 

(c) Perimeter ties 

(d) Tie anchored to a column 

(e) Edge column 

(e) 
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EXAMPLE The calculation of the accidental design tensile force 1i in the 6 m span beam shown in Figure A.2 
assuming the following characteristic actions (e.g. for a steel frame building). 

Characteristic loading: gk = 3,0 kN/m2 and qk = 5,0 kN/m2 

And assuming the choice of combination coefficient !jJ1 (i.e. == 0,5) in expression (6.11 a) 

3+2 
Ti = 0,8(3,00 + 0,5 X 5,00) --X 6,0 = 66 kN (being less than 75 kN) 

2 

Figure A.2 - Example of horizontal tying of a 6 storey department store. 

(4) Members used for sustaining actions other than accidental actions may be utilised for the above ties. 

A.S.2 Load-bearing wall construction 

(1) For Class 2 buildings (Lower Risk Group), see Table A.1: 

Appropriate robustness should be provided by adopting a cellular form of construction designed to 
facilitate interaction of all components including an appropriate means of anchoring the floor to the walls. 

(2) For Class 2 buildings (Upper Risk Group), see Table A.1: 

Continuous horizontal ties should be provided in the floors. These should be internal ties distributed 
throughout the floors in both orthogonal directions and peripheral ties extending around the perimeter of 
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the floor slabs within a 1,2 m width of the slab. The design tensile load in the ties should be determined 
as follows: 

F, (g k + If/qk) Z 
For internal ties ~ Tj @j] = the greater of Fi kN/m or kN/m 

7~5 5 
(A.3) 

For peripheral ties Tp = Ft (A.4) 

where: 

Fi is 60 kN/m or 20 + 4ns kN/m, whichever is less 
ns is the number of storeys 
z is the lesser of: 

5 times the clear storey height H, or 
the greatest distance in metres in the direction of the tie, between the centres of the columns or 
other vertical load-bearing members whether this distance is spanned by: 

a single slab or 
by a system of beams and slabs. 

NOTE Factors H (in metres) and z are illustrated in Figure A.3. 

a) 

~ .. 
./ 
./ 

H 
/" 

.-/ 
./ 

." 
./ 
/ 

b) c) 

Key 

a) Plan 

b) Section: flat slab 

c) Section: beam and slab 

Figure A.3 - illustration of factors Hand z. 
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A.6 Vertical ties 
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(1) Each column and wall should be tied continuously from the foundations to the roof level. 

(2) In the case of framed buildings (e.g. steel or reinforced concrete structures) the columns and walls 
carrying vertical actions should be capable of resisting an accidental design tensile force equal to the 
largest design vertical permanent and variable load reaction applied to the column from anyone storey. 
Such accidental design loading should not be assumed to act simultaneously with permanent and 
variable actions that may be acting on the structure. 

(3) For load-bearing wall construction (see 1.5.11 @j] ) the vertical ties may be considered effective if: 

a) for masonry walls their thickness is at least 150 mm thick and if they have a minimum compressive 
strength of 5 N/mm2 in accordance with EN 1996-1-1. 

b) the clear height of the wall, H, measured in metres between faces of floors or roof does not exceed 
20t, where t is the thickness of the wall in metres. 

c) if they are designed to sustain the following vertical tie force T: 

I'l, or 100 kN/m of wall, whichever is the greater, (A.5) 

where: 

A is the cross-sectional area in mm2 of the wall measured on plan, excluding the non 
loadbearing leaf of a cavity wall. 

d) the vertical ties are grouped at 5 m maximum centres along the wall and occur no greater than 2,5 m 
from an unrestrained end of the wall. 

A.7 Nominal section of load-bearing wall 

(1) The nominal length of load-bearing wall construction referred to in 
follows: 

for a reinforced concrete wall, a length not exceeding 2,25H, 

A.4(1 )c) @il should be taken as 

for an external masonry, or timber or steel stud wall, the length measured between lateral supports 
provided by other vertical building components (e.g. columns or transverse partition walls), 

for an internal masonry, or timber or steel stud wall, a length not exceeding 2,25H 

where: 

H is the storey height in metres. 

A.S Key elements 

(1) In accordance with 3.3(1 )P, for building structures a "key element", as referred to in A.4(1 )c, should be 
capable of sustaining an accidental design action of Ad applied in horizontal and vertical directions (in one 
direction at a time) to the member and any attached components having regard to the ultimate strength of 
such components and their connections. Such accidental design loading should be applied in accordance 
with expression (6.11 b) of EN 1990 and may be a concentrated or distributed load. 

NOTE The recommended value of Adfor building structures is 34 kN/m2
. 
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Annex B (Informative) 
Information on risk assessment6 

B.1 Introduction 

(1) This Annex B gives guidance for the planning and execution of risk assessment in the field of 
buildings and civil engineering structures. A general overview is presented in Figure B.1. 

Definition of scope and limitations 

l 
Qualitative risk analysis 
• Source identification 
• Hazard scenarios 
• Description of consequences 
• Definition of measures 

Quantitative risk analysis 
• Inventory of uncertainties 
• Modelling of uncertainties 
• Probabilistic calculations 
• 
• 

Risk evaluation 
Risk treatment 

Quantification of consequences 
Risk estimation 

Accept risk 
Risk communication 

Reconsideration 
·Scope and assumptions 
.Mitigating measures 

Figure B.1 - Overview of risk analysis 

6 Parts of the contents of this annex may be incorporated or developed in future editions of EN 1990, Eurocode: 
Basis of structural design after consideration. 
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B.2 Definitions 

B.2.1 
consequence 
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a possible result of an (in risk analysis usually unwanted) event. Consequences may verbally or 
numerically be expressed in terms of loss of life, injury, economic loss, environmental damage, disruption 
to users and the public, etc. Both immediate consequences and those that arise after a certain time has 
elapsed are to be included. 

B.2.2 
hazard scenario 
a critical situation at a particular time consisting of a leading hazard together with one or more 
accompanying conditions which leads to an unwanted event (e.g. complete collapse of the structure). 

B.2.3 
risk 
See 1.5.13. 

B.2.4 
risk acceptance criteria 
acceptable limits to probabilities of certain consequences of an undesired event and are expressed in 
terms of annual frequencies. These criteria are normally determined by the authorities to reflect the level 
of risk considered to be acceptable by people and society. 

B.2.5 
risk analysis 
a systematic approach for describing and/or calculating risk. Risk analysis involves the identification of 
undesired events, and the causes, likelihoods and consequences of these events (see Figure B.1). 

B.2.6 
risk evaluation 
a comparison of the results of a risk analysis with the acceptance criteria for risk and other decision 
criteria. 

B.2.7 
risk management 
systematic measures undertaken by an organisation in order to attain and maintain a level of safety that 
complies with defined objectives. 

B.2.8 
undesired event 
an event or condition that can cause human injury or environmental or material damage. 

B.3 Description of the scope of a risk analysis 

(1) The subject, background and objectives of the risk analysis need to be fully described. 

(2) All technical, environmental, organisational and human circumstances that are relevant to the activity 
and the problem being analysed, need to be stated in sufficient detail. 

(3) All presuppositions, assumptions, and simplifications made in connection with the risk analysis should 
be stated. 
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8.4 Methods of risk analysis 

(1) The risk analysis has a descriptive (qualitative) part and may, where relevant and practicable, also 
have a numerical (quantitative) part. 

8.4.1 Qualitative risk analysis 

(1) In the qualitative part of the risk analysis all hazards and corresponding hazard scenarios should be 
identified. Identification of hazards and hazard scenarios is a crucial task to a risk analysis. It requires a 
detailed examination and understanding of the system. For this reason a variety of techniques have been 
developed to assist the engineer in performing this part of the analysis (e.g. PHA, HAZOP, fault tree, 
event tree, decision tree, causal networks, etc.). 

In structural risk analysis the following conditions can, for example, present hazards to the structure: 

high values of ordinary actions, 

low values of resistances, possibly due to errors or unforeseen deterioration, 

ground and other environmental conditions different from those assumed in the design, 

accidental actions like fire, explosion, flood (including scour), impact or earthquake, 

unspecified accidental actions. 

The following should be taken into account in defining the hazard scenarios: 

the anticipated or known variable actions on the structure; 

the environment surrounding the structure; 

the proposed or known inspection regime of the structure; 

the concept of the structure, its detailed design, materials of construction and possible points of 
vulnerability to damage or deterioration. 

the consequences of type and degree of damage due to the identified hazard scenario. 

The main usage of the structure should be identified in order to ascertain the consequences for safety 
should the structure fail to withstand the leading hazard event with likely accompanying actions. 

8.4.2 Quantitative risk analysis 

(1) In the quantitative part of the risk analysis probabilities should be estimated for all undesired events 
and their subsequent consequences. The probability estimations are usually at least partly based on 
judgement and may for that reason differ substantially from actual failure frequencies. If failure can be 
expressed numerically the risk may be presented as the mathematical expectation of the consequences 
of an undesired event. A possible way of presenting risks is indicated in ~ Figure B.2a@1) . 

Any uncertainty in calculations/figures of the data and models used should be fully discussed. The risk 
analysis will be terminated at an appropriate level, taking into account for example: 

the objective of the risk analysis and the decisions to be made, 

the limitations made at an earlier stage in the analysis, 

the availability of relevant or accurate data, 

the consequences of the undesired events. 
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The assumptions upon which the analysis is based should be reconsidered when the results of the 
analysis are available. Sensitivities of factors used in the analysis should be quantified. 

Severe X 

High X 

Medium X 

Low X 

Very low X 
~~ 

consequence 

probability 0,00001 0,0001 0,001 0,01 > 0,1 .. ... 
X represents examples of maximum acceptable risk levels 

~Classification: @iI The severity of potential failure is identified for each hazard scenario and 
classified as Severe, High, Medium, Low or Very Low. They may be defined as follows: 

Severe Sudden collapse of structure occurs with high potential for loss of life and injury. 

High Failure of part(s) of the structure with high potential for partial collapse and some 
potential for injury and disruption to users and public. 

Medium 

Low 

Very Low 

Failure of part of the structure. Total or partial collapse of structure unlikely. Small 
potential for injury and disruption to users and public. 

Local damage 

Local damage of small importance 

~ Figure B.2a@il - Possible presentation diagram for the outcome of a quantitative risk analysis. 

8.5 Risk acceptance and mitigating measures 

(1) Following the identification of the level of risk, it should be decided whether mitigating (structural or 
non structural) measures should be specified. 

(2) In risk acceptance usually the ALARP (as low as reasonably practicable) principle is used. According 
to this principle two risk levels are specified: if the risk is below the lower bound of the broadly tolerable 
(i.e. ALARP) region no measures need to be taken; if it is above the upper bound of the broadly tolerable 
region the risk is considered as unacceptable. If the risk is between the upper and lower bound an 
economical optimal solution should be sought. 

(3) When evaluating the risk of a certain period of time related to the failure event on the basis of the 
consequences, a discount rate should be taken into account. 

(4) Risk acceptance levels should be specified. They will usually be formulated on the basis of the 
following two acceptance criteria: 
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the individual acceptable level of risk: individual risks are usually expressed as fatal accident rates. 
They can be expressed as an annual fatality probability or as the probability per time unit of a single 
fatality when actually being involved in a specific activity. 

the socially acceptable level of risk: the social acceptance of risk to human life, which may vary with 
time, is often presented as an F-N curve, indicating a maximum yearly probability F of having an 
accident with more then N casualties. 

Alternatively, concepts like value for prevented fatality (VPF) or ~ life quality index (LQI)@1] may be used. 

NOTE Risk acceptance levels may be specified for the individual project. 

Acceptance criteria may be determined from certain national regulations and requirements, certain codes 
and standards, or from experience and/or theoretical knowledge that may be used as a basis for 
decisions on acceptable risk. Acceptance criteria may be expressed qualitatively or numerically. 

(5) In the case of qualitative risk analysis the following criteria may be used: 

a) the general aim should be to minimise the risk without incurring a substantial cost penalty. 

b) for the consequences within the vertically hatched area of ~ Figure B.2b , the risks associated with 
the scenario can normally be accepted. 

c) for the consequences within the diagonally hatched area of Figure B.2b, a decision on whether the 
risk of the scenario can be accepted and whether risk mitigation measures can be adopted at an 
acceptable cost should be made. 

d) for the consequences considered to be unacceptable (those falling in the horizontally hatched area of 
Figure B.2b@1]are likely to be unacceptable) appropriate risk mitigation measures (see B.6) should 
be taken. 

Severe 

High 

Medium 

Low 

Very low 

consequences 

probability low medium high 
very 
high 

Figure B.2b - Possible presentation diagram for the outcome of a qualitative risk analysis @1] 
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B.6 Risk mitigating measures 

(1) Risk mitigation measures may be selected from one or more of the following: 
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a) elimination or reduction of the hazard by, for example making an adequate design, modifying the 
design concept, and providing the countermeasures to combat the hazard, etc .. 

b) by-passing the hazard by changing the design concepts or occupancy, for example through the 
protection of the structure, provision of sprinkler system, etc. 

c) controlling the hazard, for example, by controlled checks, warning systems or monitoring. 

d) overcome the hazard by providing, for example, increased reserves of strength or robustness, 
availability of alternative load paths through structural redundancy, or resistance to degradation, etc. 

e) permitting controlled collapse of a structure where the probability of injury or fatality may be reduced, 
for example for impact on lighting colu mns or signal posts. 

B.7 Reconsideration 

(1) The revision of the scope, design and assumptions (see Figure B1) should be re-evaluated against 
the scenarios until it is possible to accept the structure with the selected mitigation measures. 

B.8 Communication of results and conclusions 

(1) The results of the qualitative and (if available) the quantitative analysis should be presented as a list of 
consequences and probabilities and their degree of acceptance should be communicated with all 
stakeholders. 

(2) All data and its sources that have been used to carry out a risk analysis should be specified. 

(3) All the essential assumptions, pre-suppositions and simplifications that have been made should be 
summarised so that the validity and limitations of the risk analysis are made clear. 

(4) Recommendations for measures to mitigate risk should be stated and be based on conclusions from 
the risk analysis. 
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B.9 Applications to buildings and civil engineering structures 

B.9.1 General 

(1) In order to mitigate the risk in relation to extreme events in buildings and civil engineering structures 
one or more of the following measures should be considered: 

structural measures, where the structure and the structural members have been designed to have 
reserves of strength or alternative load paths in case of local failures. 

non structural measures, which include the reduction of 

the probability of the event occurring, 

the action intensity or 

the consequences of failure. 

(2) The probabilities and effects of all accidental and extreme actions (e.g. actions due to fire, earthquake, 
impact, explosion, extreme climatic actions) should to be considered for a suitable set of possible hazard 
scenarios. The consequences should then be estimated in terms of the number of casualties and 
economic losses. Detailed information is presented in B.9.2 and B.9.3. 

(3) The approach mentioned in B.9.1 (2) may be less suitable for unforeseeable hazards (design or 
construction errors, unexpected deterioration, etc). As a result more global damage tolerance design 
strategies (see Annex A) have been developed, e.g. the classical requirements on sufficient ductility and 
tying of elements. A specific approach, in this respect, is the consideration of the situation that a structural 
member (beam, column) has been damaged, by whatever event, to such an extent that the member has 
lost its normal load bearing capacity. For the remaining part of the structure it is then required that, for a 
relatively short period of time (defined as the repair period T) the structure can withstand the "normal" 
loads with some prescribed reliability: 

P(R < E in T lone element removed) < Ptarget (B.1 ) 

The target reliability depends on the normal safety target for the building, the period under consideration 
(hours, days or months) and the probability that the element under consideration is removed (by causes 
other than those already considered in design). 

(4) For conventional structures all relevant collapse possibilities should be included in the design. Where 
this can be justified, failure causes that have only a remote likelihood of occurring may be disregarded. 
The approach given in B.9.1 (2) should be taken into account. 111 many cases, and in order to avoid 
complicated analyses, the strategy given in B.9.1 (3) may be investigated. 
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(5) For unconventional structures (e.g. very large structures, those with new design concepts, those using 
new materials) the probability of having some unspecified cause of failure should be considered as 
substantial. A combined approach of the methods described in B.9.1 (2) and B.9.1 (3) should be taken into 
account. 

(a) (c) 

Key 

Step 1: Identification and modelling of relevant accidental hazards. Assessment of the probability of occurrence of 
different hazards with different intensities. 

Step 2: Assessment of damage states to structure from different hazards. Assessment of the probability of different 
states of damage and corresponding consequences for given hazards. 

Step 3: Assessment of the performance of the damaged structure. Assessment of the probability of inadequate 
performance(s) of the damaged structure together with the corresponding consequence(s). 

Figure B.3 - Illustration of steps in risk analysis of structures subject to accidental actions. 

B.9.2 Structural risk analysis 

(1) Risk analysis of structures subject to accidental actions may be approached by the following three 
steps, see Figure B.3: 

Step 1: assessment of the probability of occurrence of different hazards with their intensities. 

Step 2: assessment of the probability of different states of damage and corresponding 
consequences for given hazards. 

Step 3: assessment of the probability of inadequate performance(s) of the damaged structure 
together with the corresponding consequence(s). 

(2) The total risk R can be assessed by 

NH N/) N~ 

~R 'LP(Hj)LLP(DjIH;)P(SkIDj)C(Sk)@il (B.2) 
i=1 i k=1 

where it is assumed that the structure is subjected to NH different hazards, that the hazards may damage 
the structure in ND different ways (can be dependent on the considered hazards) and that the 
performance of the damaged structure can be discretised into Ns adverse states SK with correspondin~ 
consequences C(Sk)' P(Hj) is the probability of occurrence (within a reference time interval) of the I 

hazard, P(DjIHj) is the conditional probability ~ of the /h damage state of the structure given the /h 
hazard and P(SkIDj) is the conditional probability of the f(h adverse overall structural performance 
S given the /h damage state. 
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NOTE 1 P(SkIOj) and C(Sk) can be highly dependent on time (e.g. in case of fire and evacuation, respectively) 
and the overall risk should be assessed and compared to acceptable risks accordingly. 

NOTE 2 Expression (B .2) can form the basis for risk assessment of structures not only for structures subject 
to rare and accidental loads but also for structures subject to ordinary loads. 

(3) Within risk assessment possible different strategies for risk control , and risk reduction need to be 
investigated for economical feasibility: 

risk may be reduced by reduction of the probability that the hazards occur, i.e. by reducing P(H) . For 
example for ship impacts on bridge pier structures the hazard (the event of a ship impact) can be 
mitigated by construction of artificial islands in front of the bridge piers. Similarly, the risk of 
explosions in buildings might be reduced by removing explosive materials from the building. 

risk may be reduced by reducing the probability of significant damages for given hazards, i.e. P(DIH). 
For example, damage which might follow as a consequence of the initiation of fires can be mitigated 
by passive and active fire control measures (e.g. foam protection of steel members and sprinkler 
systems). 

risk may be reduced by reducing the probability of adverse structural performance given structural 
damage, i.e. P(SIO). This might be undertaken by designing the structures with a sufficient degree of 
redundancy thus allowing for alternative load transfer should the static system change due to 
damage. 

8.9.3 Modelling of risks from extreme events 

./ 

./ 

.J'.' 
./ 

./ 

... s 

Key 
S: Structure 

H: Hazard event with magnitude M at time t 

Figure 8.4 - Components for the extreme event modelling. 

8.9.3.1 General format 

(1) As part of a risk analysiS extreme hazards like earthquakes, explosions, collisions , etc should be 
investigated. The general model for such an event may consist of the following components (Figure B.4): 

a triggering event at some place and at some point in time 
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the magnitude M of the energy involved in the event and possibly some other parameters. 

the physical interactions between the event, the environment and the structure, leading to the 
exceedance of some limit state in the structure. 

(2) The occurrence of the triggering event for hazard H in 8.9.3.1 (1) may often be modelled as events in 
a Poisson process of intensity 2(t,x) per unit volume and time unit, t representing the point in time and x 
the location in space (X1' X2, X3)' The probability of occurrence of failure during the time period up to time 
T is then (for constant 2 and small probabilities) given by expression (8.3): 

00 

P,(T) ~ N f P( FIM = m) f M (m )dm (8.3) 

o 

where: 

N = 2 T is the total number of relevant initiating events in the considered period of time, 

fM(m) is the probability density function of the random magnitude M of the hazard 

Note that the probability of failure may depend on the distance between the structure and the location of 
the event. In that case an explicit integration over the area or volume of interest is necessary. 

8.9.3.2 Application to impact from vehicles 

(1) For the situation shown in Figure 8.5 impact will occur if a vehicle, travelling along the roadway leaves 
its intended course at a critical place with sufficient speed. The required speed for impact depends on the 
distance from the structure or a structural member or element to the road, the angle of the collision 
course, the initial velocity and the topographical properties of the terrain between road and structure. In 
some cases there may be obstacles or height differences in terrain. 

x 

d 

A vehicle leaves the intended course at point Q with velocity Va and angle cpo A structure or structural member in the 
vicinity of the roadway at distance s is hit with velocity Vr. 

Figure 8.5 - Impact from vehicles. 

(2) 8ased on the general expression (8.3) the failure probability for this case is given in expression (8.4) : 

fgj) PI' = N f [P(F > R)J-!l- f(qJ )dqJ ®J 
. SEn qJ 

(8.4) 
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where: 

N nTA 

n 

A 

T 

is the total number of initiating events in the period under consideration, 

is the traffic intensity, 

is the vehicle failure intensity (number of incidents per vehicle km), 

is the period of time, 

b is the width of the structural element or two times the width of the colliding vehicle, whichever 
is the less. 

(jJ 

f( (jJ) 

R 

F 

is the direction angle, 

is its probability density function,. 

represents the resistance of the structure and 

is the impact force. 

Using a simple impact model (see Annex C), the impact force F can be written as: 

[§) F = ~mkv,2 ~/nk(v~ - 2as) 

where: 

m is the vehicle mass, 

k is the [§) spring stiffness, 

(B.5) 

Va is the velocity of the vehicle when leaving the track at point Q and a the constant deceleration of the 
vehicle after it has left the road (see Figure B.5) and s := dlsin (jJ the distance from point Q to the 
structure) . 

8.9.3.3 Application to impact from ships 

(1) For the application illustrated in Figure B.6, expression (B.3) may be further developed as given in 
expression (B.6). 

(8.6) 

where: 

N nAT (1- Pa) is the total number of incidents in the period of consideration, 

n is the number of ships per time unit (traffic intensity), 

A is the probability of a failure per unit travelling distance, 

T is the reference period (usually 1 year), 

Pa is the probability that a collision is avoided by human intervention, 

x is the coordinate of the point of the fatal error or mechanical failure, 

Fdyn is the impact force on the structure following from impact analysis (see Annex C) and 

R is the resistance of the structure. 

Where relevant, the distribution of the initial ship position in the y-direction may be taken into account, see 
Figure B.6. 
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B.9.4 Guidance for application of risk analysis related to impact from rail traffic 

(1) The following factors should be taken into account when assessing the risk to people from derailed 
trains on the approach to class A structures where the maximum permitted line speed is over 120 km/h 
and class B structures: 

the likelihood of derailed trains on the approach to the structure. 

the permissible speed of trains using the line. 

the predicted deceleration of derailed trains on the approach to the structure. 

the lateral distance a derailed train is predicted to travel. 

whether the line is single or not in the vicinity of the structure. 

the type of traffic (passenger/freight) passing under the structure. 

the predicted number of passengers in the train passing under the structure. 

the frequency of trains passing under the structure. 

the presence of switches and crossings on the approach to the structure. 

the static system (structural configuration) of the structure and the robustness of the supports. 

the location of the supports to the structure relative to the tracks. 

the predicted number of people, outside the train, who are at risk from harm from a derailed train. 

The following factors also affect the risk from derailed trains, but to a lesser extent: 

the curvature of the track in the vicinity of the structure. 

the number of tracks, where there are more than two. 
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The effect that any preventative and protective measures proposed have on other parts or other users of 
the adjacent infrastructure should also be taken into account. This includes for example the effect on 
signal sighting distances, authorised access, and other safety considerations relating to the layout of the 
track. 

NOTE Further recommendations and guidance for class A and class B structures ~4.5.1.2 @il) are 
set out in UIC Code 777-2R (2002) "Structures Built Over Railway Lines (Construction requirements in the track 
zone).UIC Code 777-2R includes specific recommendations and guidance on the following: 

carrying out a risk assessment for class B structures, 

measures (including construction details) to be considered for class A structures, including situations 
where the maximum line speed at the site is less than 50 km/h, 

measures to be considered for class A structures where the distance from the nearest structural support 
and the centre line of the nearest track is 3 m or less. 

(2) The following should be considered for Class B structures either singly or in combination in 
determining the appropriate measures to reduce the risk to people from a derailed train on the approach 
to a structure: 

provision of robustness to the supports of the structure to withstand the glancing impact from a 
derailed train to reduce the likelihood of collapse of the structure. 

provision of continuity to the spans of the superstructure to reduce the likelihood of collapse following 
impact with the supports of the structure from a derailed train. 

provision of measures to limit the lateral deviation of the derailed train on the approach to the 
structure to reduce the likelihood of impact from a derailed train. 

provision of increased lateral clearance to the supports of the structure to reduce the likelihood of 
impact from a derailed train. 

avoidance of supports located on a line that is crossed by a line extended in the direction of the turn 
out of a switch to reduce the likelihood of a derailed train being directed towards the supports of the 
structure. 

provision of continuous walls or wall type supports (in effect the avoidance of supports consisting of 
separate columns) to reduce the likelihood of collapse following impact with the supports of the 
structure from a derailed train. 

where it is not reasonably practicable to avoid supports consisting of separate columns provision of 
supports with sufficient continuity so that the superstructure remains standing if one of the columns is 
removed. 

provision of deflecting devices and absorbing devices to reduce the likelihood of impact from a 
derailed train. 
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(1) Impact is an interaction phenomenon between a moving object and a structure, in which the kinetic 
energy of the object is suddenly transformed into energy of deformation. To find the dynamic interaction 
forces, the mechanical properties of both the object and the structure should be determined. Static 
equivalent forces are commonly used in design. 

(2) Advanced design of structures to sustain actions due to impact may include explicitly one or several of 
the following aspects: 

dynamic effects; 

non linear material behaviour. 

Only dynamic effects are dealt with in this annex. 

NOTE For probabilistic aspects and analysis of consequences see Annex B. 

(3) This annex provides guidance for the approximate dynamic design of structures subject to accidental 
impact by road vehicles, rail vehicles and ships, on the basis of simplified or empirical models. 

NOTE 1 The models given in Annex C, in general, better approximate the design than the models presented 
in Annex B which in special cases might be too simplified. 

NOTE 2 Analogous actions can be the consequence of impact in tunnels, on road barriers, etc. (see EN 
1317). Similar phenomena may also arise as consequences of explosions (see Annex D) and other dynamic 
actions. 

C.2lmpact dynamics 

(1) Impact is characterised as either hard impact, where the energy is mainly dissipated by the impacting 
body, or soft impact, where the structure is designed to deform in order to absorb the impact energy. 

C.2.1 Hard Impact 

(1) For hard impact, the equivalent static forces may be obtained 'from 4.3 to 4.7. Alternatively, an 
approximate dynamic analysis may be performed following the simpli'fied approximations in C.2.1 (2) and 
(3). 

(2) For hard impact it is assumed that the structure is rigid and immovable and that the colliding object 
deforms linearly during the impact phase. The maximum resulting dynamic interaction force is given by 
expression (C.1): 

F=v r 
(C.1 ) 

where: 

Vr is the object velocity at impact; 

k is the equivalent elastic stiffness of the object (i.e. the ratio between force F and total deformation); 

m is the mass of the colliding object. 

The force due to impact may be considered as a rectangular pulse on the surface of the structure. In that 
case the duration of the pulse follows from: 
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F I1t = ,.nv or I1t = .Jml k 

If relevant, a non zero rise time can be applied (see Figure C.1). 

(C.2) 

When the colliding object is modelled as an equivalent impacting object of uniform cross-section (see 
Figure C.1) expressions (C.3) and (CA) should be used: 

k = EAlL 

m=pAL 

where: 

L is the length of the impacting object; 

A is the cross sectional area; 

E is the modulus of elasticity; 

p is the mass density of the impacting object. 

p~ A ~ E~ L 

1..0 1 
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Figure C.1 -Impact model, F= dynamiC interaction force. 

t 

(C.3) 

(CA) 

(3) Expression (C.1) gives the maximum dynamic force value on the outer surface of the structure. Within 
the structure these forces may give rise to dynamic effects. An upper bound for these effects can be 
determined if the structure is assumed to respond elastically and the load is realised as a step function 
(i.e. a function that rises immediately to its final value and then stays constant at that value). In that case 
the dynamic amplification factor (i.e. the ratio between dynamic and static response) 'Pdyn is 2,0. If the 
pulse nature of the load (i.e. its limited time of application according to expression (C.2)) needs to be 
taken into account, calculations will lead to amplification factors 'Pdyn ranging from below 1,0 up to 1,8 
depending on the dynamic characteristics of the structure and the object. In general, it is recommended to 
use a direct dynamic analysis to determine 'Pdyn with the loads specified in this annex. 

C.2.2 Soft Impact 

(1) If the structure is assumed elastic and the colliding object rigid , the expressions given in C.2.1 apply 
and should be used with k being the stiffness of the structure. 

(2) If the structure is designed to absorb the impact energy by plastic deformations, provision should be 
made so that its ductility is sufficient to absorb the total kinetic energy Y2 m Vr 2 of the cOlliding object. 
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(3) In the limit case of rigid-plastic response of the structure, the above requirement is satisfied by the 
condition of expression (C.5): 

% m vr
2 

Yo (C.5) 

where: 

Fo is the plastic strength of the structure, i.e. the limit value of the static force F; 

Yo is its deformation capacity, i.e. the displacement of the point of impact that the structure can 
undergo. 

NOTE Analogous considerations apply to structures or other barriers specifically designed to protect a 
structure from impacts (see e.g. EN 1317 "Road restraint systems"). 

C.3 Impact from aberrant road vehicles 

(1) In case of a lorry impacting a structural member, the velocity of impact Vr in expression (C.1) should be 
determined using expression (C.6): 

(C.6) 

where (see also Figure C.2): 

Vo is the velocity of the lorry leaving the trafficked lane, 

a is the average deceleration of the lorry after leaving the trafficked lane; 

s is the distance 'from the point where the lorry leaves the trafficked lane to the structural member (see 
Figure C.2); 

d is the distance from the centre of the trafficked lane to the structural member; 

db is the braking distance = db = (v~ 12a) sin tp, where tp is the angle between the trafficked lane and 

the course of the impacting vehicle. 

(2) Indicative probabilistic information for the basic variables partly based on statistical data and partly on 
engineering judgement is given in Table C.1. 

NOTE See also Annex B. 
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Table C.1 - Indicative data for probabilistic collision force calculation. 

Variable Designation Probability Mean value Standard 
distribution deviation 

va vehicle velocity 

- highway Lognormal 80 km/h 10 km/h 

- urban area Lognormal 40 km/h 8 km/h 

- courtyard Lognormal 15 km/h 5 km/h 

- parking garage Lognormal 5 km/h 5 km/h 

a Deceleration Lognormal 4,0 mIst; 1,3 mIst; 

m I Vehicle mass - lorry Normal 20 000 kg 12 000 kg I 

m ass car - - 1 500 kg --

k Vehicle stiffness Determ i n istic 300 kl\J/m --

<p Angle ~ Rayleigh @l] 10· 10" 

(3) On the basis of Table C.1, the following approximate design value for the dynamic interaction force 
due to impact can be determined using expression (C.l): 

where: 

F 0 is the collision force 

d and db are as before. 

(C.l) 

Indicative values for Fa and db are presented in Table C.2, together with design values for m and v. All 
these values correspond approximately to the averages given in Table C.1 plus or minus one standard 
deviation. 

In particular cases, when specific information is available, different design values may be chosen, 
depending on the target safety, the traffic intensity and the accident frequency. 

NOTE 1 The presented model is a rough schematisation and neglects at least in detail many influences that 
may play an important role like the presence of kerbs, bushes, fences and the cause of the incident. To some 
extent the scatter in the deceleration is supposed to compensate for those factors. 

NOTE 2 Calculation of the dynamic impact force (Fd) using expression (C.?) may be modified on the basis of a 
risk analysis taking into account the potential consequences of an impact, the rate of deceleration, the 
tendency of the vehicle to deviate away from the carriageway, the likelihood of the vehicle leaving the 
carriageway and the likelihood of the vehicle hitting the structure. 

(4) In the absence of a dynamic analysis, the dynamic amplification factor for the elastic response may be 
assumed to be equal to 1,4. 
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NOTE The derived forces in this annex are intended to be used with an elasto-plastic dynamic structural 
analysis. 

Table C.2 - Design values for vehicle mass, velocity and dynamic impact force Fo. 

Type of road Mass Velocity Deceleration Impact force Distance 

m Va A 
based on (C.1) db a 

with Vr = Vo 

Fa 

[kg] [km/h] [m/s2] [kN] [m] 

Motorways 30 000 90 3 2400 20 

Urban areas 0 30 000 50 3 1 300 10 

Courtyards 

- cars only 1 500 20 3 120 2 

- all vehicles 30 000 15 3 500 2 

Parking garages 

- cars only 1 500 10 3 60 1 

a Road in areas where the speed limit is 50 km/h. 

b The value of db may be multiplied by 0,6 for uphill slopes and by 1,6 for downhill slopes 
(see Figure C.2). 

d 
Structure 

~ 

~~/ / / ,I 
, / 

/' / 
I / VQ /8 

~ 1 / 

£J1 ' 
Vehicfe 

.,. ,,,/./ 
Road ,," 

---a. ___ .?-'~.' 

.. d 

Structure 
rz::=::::::! 

Figure C.2 - Situation sketch for impact by vehicles (top view and cross sections for upward 
slope, flat terrain and downward slope). 
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C.4 Impact by ships 

C.4.1 Ship impact on inland waterways 

(1) Impact by ships against solid structures on inland waterways should normally be considered as hard 
impact, with the kinetic energy being dissipated by elastic or plastic deformation of the ship itself. 

(2) In the absence of a dynamic analysis, Table C.3 gives indicative values of the forces due to ship 
impact on inland waterways. 

Table C.3 - Indicative values for the dynamic forces due to ship impact on inland waterways. 

CEMTa Reference type of Length -I Massm Force Fdx c 
Force Fd/ 

Class 
ship 

(ton) b (kN) (kN) (m) 

I 30-50 200-400 2 000 1000 

II 50-60 400-650 3 000 1 500 

III "Gustav Konig" 60-80 650-1 000 4000 2 000 

IV Class "Europe" 80-90 1 000-1 500 5 000 2500 

Va Big ship 90-110 1 500-3 000 8 000 3500 

Vb Tow + 2 barges 110-180 3 000-6 000 10 000 4 000 

Via i Tow + 2 barges 110-180 3 000-6 000 10 000 4 000 

Vlb Tow + 4 barges 110-190 6 000-12 000 14 000 5 000 

Vic Tow + 6 barges 190-280 1 a 000-18 000 17 000 8 000 

VII Tow + 9 barges 300 14 000-27 000 20 000 10 000 

a CEMT: European Conference of Ministers of Transport, classification proposed 19 June 1992, 
approved by the Council of European Union 29 October 1993. 

b The mass m in tons (1 ton = 1 000 kg) includes the total mass of the vessel, including the ship 
structure, the cargo and the fuel. It is often referred to as the displacement tonnage. 

C The forces and include the effect of hydrodynamic mass and are based on background 
calculations, usinQ expected conditions for every waterway class. 

(3) The indicative dynamic values given in Table C.3 may be adjusted depending upon the consequences 
of failure of the ship impact. It is recommended to increase these dynamic values for high consequences 
of failure and to reduce them in the case of low consequences of failure. See also 3.4. 

(4) In the absence of a dynamic analysis for the impacted structure, it is recommended to multiply the 
indicative dynamic values given in Table C.3 by an appropriate dynamic amplification factor. Indeed, 
these values include the dynamic effects in the colliding object, but not in the structure. For information on 
dynamic analysis, see C.4.3. Indicative values of the dynamic amplification factor are 1,3 for frontal 
impact and 1,7 for lateral impact. 
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(5) In harbour areas the forces given in Table C.3 may be reduced by a factor of 0,5. 

C.4.2 Ship impact for sea waterways 

(1) In the absence of a dynamic analysis, Table C.4 gives indicative values of the forces due to ship 
impact for sea waterways. 

Table C.4 - Indicative values for the dynamic interaction forces due to ship impact for sea 
waterways. 

Class of ship Length f= Mass rna Force Fdxb,c Force Fdy b, c 

(m) (ton) (kN) (kN) 

Small 50 3000 30000 15000 

Medium 100 10000 80000 40000 

Large 200 40000 240000 120000 

Very large 300 100 000 460 000 230 000 

The mass m in tons (1 ton = 1 000 kg) includes the total mass of the vessel, including the ship 
structure, the cargo and the fuel. It is often referred to as the displacement tonnage. It does not 
include the added hydraulic mass. 

b The forces given correspond to a velocity of about 5,0 m/s. They include the effects of added 
hydraulic mass. 

e Where relevant the effect of bulbs should be accounted for. 

(2) In the absence of a dynamic analysis for the impacted structure, it is recommended to multiply the 
indicative dynamic values given in Table C.4 by an appropriate dynamic amplification factor. Indeed, 
these values include the dynamic effects in the colliding object, but not in the structure. For information on 
dynamic analysis, see C.4.3. Indicative values of the dynamic amplification factor are 1,3 for frontal 
impact and 1,7 for lateral impact. 

(3) In harbour areas the forces given in Table C.4 may be reduced by a factor of 0,5. 

(4) For side and stern impact it is recommended to multiply the forces given in Table C.4 by a factor of 
0,3, mainly because of reduced velocities. Side impact may govern the design in narrow waters where 
head-on impact is not feasible. 

C.4.3 Advanced ship impact analysis for inland waterways 

(1) The dynamic impact force Fd may be derived from expressions (C.B) to (C.13). In this case, it is 
recommended to use the average mass value for the relevant ship class defined in Table C.3 and a 
design velocity Vrd equal to 3 m/s increased by the water velocity. 

(2) Where a hydrodynamic mass has to be taken into account values of 10 % of the mass of displaced 
water for bow and 40 % for side impact are recommended. 

(3) For elastic deformations (when Edef ::; 0,21 MNm) the dynamic design impact force may be calculated 
from expression (C.8): 
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Fdyn,el = 10,95 . ~ Eilel' [MN] (C.B) 

(4) For plastic deformations (when > 0,21 MNm), the dynamic design impact force may be calculated 
from expression (C.9): 

= 5,0 . ~1 + 0,128 . E
def 

[MN] (C.9) 

The deformation energy [MNm] is equal to the available total kinetic energy Ea in case of frontal 
impact, while in case of lateral impact with angle a < 45°, a sliding impact may be assumed and the 
deformation energy taken equal to 

Edef = Ea (1-cos a) (C.10) 

(5) Information on probabilistic models of the basic variables determining the deformation energy or the 
ship's impact behaviour may be used for the design impact force based on probabilistic methods. 

(6) If a dynamic structural analysis is used, the impact forces should be modelled as a half-sine-wave 
pulse for Fdyn< 5 MN (elastic impact) and a trapezoidal pulse for 5 fVIN (plastic impact); load 
durations and other details are presented in Figure C.3. 
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Key: 
tr elastic elapsing time [s]; 
tp plastic impact time [s]; 
te elastic response time [s]; 
ta equivalent impact time [s]; 
ts total impact time [s] for plastic impact ts tf + tp + te; 
c elastic stiffness of the ship (= 60 rvlN/m); 
Fa elastic-plastic limit force = 5 rvlN; 
Xe elastic deformation ("'" 0,1 m); 
Vn a) the sailing speed v" for frontal impact; 
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b) velocity of the colliding ship normal to the impact point Vn = vr sin q. for lateral impact; 

For frontal impact the mass m* to be taken into account is the total mass of the colliding 
ship/barge; for lateral impact: m* = (m1 + mhydr)/3, where m1 is the mass of the directly colliding 
ship or barge and mhyd is the hydraulic added mass. 

Figure C.3 - Load-time function for ship collision, respectively for elastic and plastic ship 
response 

(7) When a design value for the impact force is given, e.g. taken from Table C.3, and the load duration 
has to be calculated, the mass m* may be determined as follows: 
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if Fdyn > 5 MN: by setting expression (C.9), equal to the kinetic energy Ea 0,5 m* vn2, 

if .:; 5 MN :directly by m (Fdynlvn)2 * (1/c) [MN s2/m]. 

(8) When not specified by the project, a design velocity Vrd equal to 3 mls increased by the water velocity 
is recommended; in harbours the velocity may be assumed as 1,5 m/s. The angle a may be taken as 20°. 

C.4.4 Advanced ship impact analysis for sea waterways 

~ Text deleted @11 
(1) The dynamic design impact force for sea-going merchant vessels between 500 Dead Weight Tons 
(DWT) and 300 000 DWT may be determined from expression (C.11): 

Fbow jFO. L [ Eimp + ~.~.5 ·hLI.
6

] 0.5 

2.24· Fo [Eirnp L] 

where: 

L = Lpp 1275 m 

Eilnp = Eimp 11425 .\1Nm 

I 
~ Eimp rn 

2 

and 

Fbow is the maximum bow collision force in [MN]; 

Fa is the reference collision force = 210 MN; 

·f E -L2.6 
Jor imp 2: 

- -2.6 
forEil11p < L 

Eimp is the energy to be absorbed by plastic deformations; 

Lpp is the length of vessel in [m]; 

mx is the mass plus added mass with respect to longitudinal motion in [106 kg]; 

~ vr is the sailing speed (impact velocity) of the vessel, Vr = 5m/s (in harbours: 2,5 m/s) @11 

(C.11 ) 

(2) Probabilistic models for basic variables determining the deformation energy or the ship's impact 
behaviour may be used where the determination of the design impact force is based on probabilistic 
methods. 

(3) From the energy balance the maximum indentation Smax is determined using expression (C.12): 

~ sillax (C.12) 

(4) The associated impact duration, To, is represented by expression (C.13): 

~ To 1.67 Srnax / Vr@1l (C.13) 

(5) When not specified by the project a ~ sailing speed (impact velocity) vr@il equal to 5 mls increased 
by the water velocity is recommended; in harbours the velocity may be assumed as m/s. 
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(1) The type of dust should normally be represented by a material parameter KSl! which characterises the 
confined explosion behaviour. Kst may be experimentally determined by standard methods for each type 
of dust. 

I\lOTE 1 A higher value for Kst leads to higher pressures and shorter rise times for internal explosion 
pressures. The value of KSf depends on factors such as changes in the chemical composition, particle size 
and moisture content. Indicative values for KSf are given in Table 0.1. 

Table D.1 - Kst values for dusts. 

Type of dust Kst 

(kN/m2 x m/s) 

Brown coal 18 000 

Cellulose 27 000 

Coffee 9 000 

Corn, corn crush 12 000 

Corn starch 21 000 

Grain 13 000 

Milk powder 16 000 

Mineral coal 13 000 

Mixed provender 4 000 

Paper 6 000 

Pea flour 14 000 

Pigment 29 000 

Rubber 14 000 

Rye flour, wheat flour 10 000 

Soya meal 12 000 

Sugar 15 000 

Washing powder 27 000 

Wood, wood flour 22 000 

NOTE 2 In dust explosions, pressures reach their maximum value within a time span in the order of 20 to 50 
ms. The decline to normal values strongly depends on the venting device and the geometry of the enclosure. 

NOTE 3 See ~ ISO 6184-1 @il Explosion protection systems Part 1: Determination of explosion indices 
of combustible dusts in air. 

(2) The venting area of cubic and elongated rooms, vessels, and bunkers for dust explosions within a 
single room may be determined using expression (0.1): 

(0.1 ) 

where: 

A is the venting area [m2
] 
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Pmax is the maximum pressure of the dust [kN/m2] 

KSI is the deflagration index of a dust cloud [kN/m2 m S'l], see (1) 

Pred.max is the anticipated maximum reduced pressure in the vented vessel [kN/m2] 

Pstat is the static activation pressure with the size of existing venting areas [kN/m2] 

V is the volume of room, vessel, bunker [m3
]. 

Expression (0.1) is valid with the following restrictions: 

HID:5 2, where H is the height and D the diameter of elongated room, vessel or bunker 

10 kN/m2 :5 Pstat:5 100 kN/m2, rupture disks and panels with low mass which respond almost without 
intertia 

10 kN/m2 :5 Pred.max :5 200 kN/m2 

500 kN/m2 :5 Pmax :5 1000 kN/m2 for 1000 kN/m2 m S·l 5 Kst :5 30 000 kN/m2 m 

respectively 

500 kN/m2 :5 Pmax:5 1200 kN/m2 for 30 000 kN/m2 m S·l :5 Ks1 :5 80 000 kl\J/m2 m S·1. 

(3) The venting area of a rectangular enclosure may be determined by using expression (0.2): 

A = [ 4,485 x 10.8 
X Pmax X KSI X PBem-

O
•
569 + 0,027(Pstat 1 0)PBem-O,5 ] 

where: 

A is the venting area [m2] 

Pmax is the maximum pressure of the dust [kN/m2] 

KSI is the deflagration index of a dust cloud [kN/m2 m S-1], see (1) 

PBem is the design strength of the structure [kN/m2] 

PSlat is the static activation pressure with the size of existing venting areas [kN/m2] 

V is the volume of rectangular enclosure [m3
]. 

Expression (0.2) is valid with the following restrictions: 

(0.2) 

L3IDE:5 2, where L3 is the greatest dimension of enclosure, 
dimensions of enclosure 

2(Ll x L21 TT ,L1 and L2 are other 

10 kN/m2 :5 Pstat:5 100 kN/m2, rupture disks and panels with low mass which respond almost without 
intertia 

10 kN/m2 :5 Pred.max :5 200 kN/m2 

500 kN/m2 :5 Pmax :5 1000 kN/m2 for 1000 kN/m2 m :5 Kst :::; 30 000 kN/m2 m S-1 

respectively 

500 kN/m2 :5 Pmax :5 1200 kN/m2 for 30 000 kN/m2 m :::; Kst :5 80 000 kN/m2 m S·1. 
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(4) For elongated rooms with L3/0E ;;:: 2 the following increase for the venting area should be considered: 

~AH A (- 4,30510g PBem + 9,368)log L3/0E (0.3) 

where: 

~AH is the increase for venting area [m2
]. 

D.2 Natural gas explosions 

(1) For buildings provided for having natural gas installed, the structure may be designed to withstand the 
effects of an internal natural gas explosion using a nominal equivalent static pressure given by 
expressions (0.4) and (0.5): 

Pd= 3 + Pstat (0.4) 

or 

Pd= 3 + Pstatl 2 + 0,04 I (Av I \1)2 (0.5) 

whichever is the greater, 

where: 

Pstat is the uniformly distributed static pressure at which venting components will fail, in (kN/m2); 

Av is the area of venting components, in m2
; 

V is the volume of rectangular enclosure [m3
]. 

Expressions (0.4) and (0.5) are valid for a room up to 1 000 m3 total volume. 

NOTE The pressure due to deflagration acts effectively simultaneously on all of the bounding surfaces of the 
room. 

(2) Where building components with different Pstat values contribute to the venting area, the largest value 
of Pstatshould be used. No value of Pd greater than 50 kN/m2 need be taken into account. 

(3) The ratio of the area of venting components and the volume should comply with expression (0.6): 

0,05 (11m) s AJVs 0,15 (0.6) 

D.3 Explosions in road and rail tunnels 

(1) In case of a detonation in road and rail tunnels, the pressure time function may be determined using 
expressions (0.7) to (0.9), see Figure 0.1 (a): 
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p{x,t) Po exp L lH 21~IJI to for li 11 s t s li 1 C2 [I C2 c] 

p(x, t) 0 for all other conditions 

where: 

~ Po is the peak pressure (==2 000 kN/m2 for a typical liquefied natural gas fuel); @il 

c1@il is the propagation velocity of the shock wave (~ 1 800 m/s); 

~ c2@ilis the acoustic propagation velocity in hot gasses (- 800 m/s); 

to is the time constant (= 0,01 s); 

Ixl is the distance to the heart of the explosion; 

is the time. 

(0.7) 

(0.8) 

(0.9) 

(2) In case of a deflagration in road and rail tunnels, the following pressure time characteristic may be 
taken into account, see Figure 01 (b): 

t t 
p(t) = 4 Po (1 -) for ° S t s to 

to to 
where: 

~ Po is the peak pressure (=100 kN/m2 for a typical lique'fied natural gas fuel); @il 

to is the time constant (== 0,1 s); 

is the time. 

(0.10) 

(3) The pressure determined by expression (D.10) may be used for the entire interior surface of the 
tunnel. 

0 
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Figure 0.1 - Pressure as a function of time for (a) detonation and (b) deflagration. 
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This document (EN 1991-2:2003) has been prepared by Technical COlnmittee CEN/TC 
250 "Structural Eurocodes", the secretariat of which is held by BSI. 

This European Standard shall be given the status of a national standard, either by 
publication of an identical text or by endorsement, at the latest by March 2004, and 
conflicting national standards shall be withdrawn at the latest by March 2010 @iI. 

This document supersedes ENV 1991-3:1995. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

m:i) According to the CEN/CENELEC Internal Regulations, the national standards 
organizations of the following countries are bound to implement this European Standard: 
Austria, Belgiuln, Bulgaria, Croatia, Cyprus, Czech Republic, Denn1ark, Estonia, 
Finland, France, Gennany, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Ron1ania, Slovakia, 
Slovenia, Spain, Sweden, Switzerland and the United Kingdom. @iI 

Background of the Eurocode Programme 

In 1975, the Comnlission of the European Community decided on an action programme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
programme was the elimination of technical obstacles to trade and the harmonisation of 
technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of 
hannonised technical rules for the design of construction works which, in a first stage, 
would serve as an alternative to the national rules in force in the Member States and, 
ultimately, would replace them. 

For years, the Commission, with the help of a Steering Committee with 
Representatives of Member States, conducted the development of the Eurocodes 
programme, which led to the first generation of European codes in the 1980s. 

In 1989, the Con11nission and the Member States of the EU and EFT A decided, on the 
basis of an agreement l between the Commission and CEN, to transfer the preparation 
and the publication of the Eurocodes to CEN through a series of Mandates, in order to 
provide them with a future status of European Standard (EN). This links de facto the 
Eurocodes with the provisions of all the Council's Directives and/or Conlmission's 
Decisions dealing with European standards (e.g. the Council Directive 891106/EEC on 
construction products - CPD - and Council Directives 93/371EEC, 92/50/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internal market). 

I Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on EUROCODES for the design of building and civil engineering works (BCICEN/03/89). 
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The Structural Eurocode programme comprises the following standards generally 
consisting of a number of Parts: 

EN 1990 
EN 1991 
EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1996 
EN 1997 
EN 1998 
EN 1999 

Eurocode: 
Eurocode 1: 
Eurocode 2: 
Eurocode 3: 
Eurocode 4: 
Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 
Eurocode 9: 

Basis of Structural Design 
Actions on structures 
Design of concrete structures 
Design of steel stnlctures 
Design of composite steel and concrete structures 
Design of tinlber structures 
Design of masonry structures 
Geotechnical design 
Design of structures for earthquake resistance 
Design of aluminium structures 

Eurocode standards recognise the responsibility of regulatory authorities in each 
Member State and have safeguarded their right to determine values related to regulatory 
safety matters at national level where these continue to vary from State to State. 

Status and field of application of Eurocodes 

The MeJuber States of the ED and EFTA recognise that Eurocodes serve as reference 
documents for the following purposes: 

as a Ineans to prove compliance of building and civil engineering works with the 
essential requirelllents of Council Directive 891l06/EEC, particularly Essential 
Requirenlent N° 1 -Mechanical resistance and stability and Essential Requirement 
N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering 
services; 

as a framework for drawing up harmonised technical specifications for construction 
products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct 
relationship with the Interpretative Documents2 referred to in Article 12 of the CPD, 
although they are of a different nature from harmonised product standards3. Therefore, 
technical aspects arising from the Eurocodes work need to be adequately considered by 
CEN Technical COlnmittees and/or EOT A Working Groups working on product 
standards with a view to achieving a full compatibility of these technical specifications 
with the Eurocodes. 

2 According to Alt. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links bel\veen the essential requirements and the mandates for harmonised ENs and ETAGs/ET As. 

3 According to Art. 12 of the CPO the interpretative documents shall : 
a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes 

or levels for each requirement where necessary; 
b) indicate methods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of 

calculation and of proof, technical rules for project design, etc. ; 
c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes. de faCiO, playa similar role in the field of the ER I and a part of ER 2. 
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The Eurocode standards provide comillon structural design rules for everyday use for 
the design of whole structures and component products of both a traditional and an 
innovative nature. Unusual forms of construction or design conditions are not 
specifically covered and additional expert consideration will be required by the designer 
in such cases. 

National Standards inlplementing Eurocodes 

The National Standards impletnenting Eurocodes win comprise the fun text of the 
Eurocode (including any annexes), as published by CEN, which may be preceded by a 
National title and National foreword, and l11ay be fonowed by a National Annex. 

The National Annex luay only contain information on those parameters which are left 
open in the Eurocode for national choice, known as Nationally Determined Parameters, 
to be used for the design of buildings and civil engineering works to be constructed in 
the country concerned, i.e. : 

values and/or classes where alternatives are given in the Eurocode, 
- values to be used where a sylubol only is given in the Eurocode, 
- country specific data (geographical, climatic, etc.), e.g. snow luap, 

procedure to be used where alternative procedures are given in the Eurocode. 
It may also contain 
- decisions on the application of informative annexes, 

references to non-contradictory complementary information to assist the user to 
apply the Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and ETAs) 
for products 

There is a need for consistency between the harmonised technical specifications for 
construction products and the technical rules for works4. Furthernl0re, all the 
information acco111panying the CE Marking of the construction products which to 
Eurocodes should clearly mention which Nationally Determined ParaIl1eters have been 
taken into account. 

Additional information specific to EN 1991-2 

EN 1991-2 defines models of traffic loads for the design of road bridges, footbridges 
and railway bridges. For the design of new bridges, EN 1991-2 is intended to be used, 
for direct application, together with Eurocodes EN 1990 to 1999. 

The bases for combinations of traffic loads with non-traffic loads are given in EN 1990, 
A2. 

4 ArL3.3 and ArLI2 of the CPO, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of JD 1 (Interpretative Document Nr. I). 
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COluplementary rules may be specified for individual projects: 
when traffic loads need to be considered which are not defined in this Part of 
Eurocode 1 (e.g. site loads~ military loads, tramway loads) ; 
for bridges intended for both road and rail traffic ; 
for actions to be considered in accidental design situations; 
for I1lasonry arch bridges. 

For road bridges~ Load Models 1 and 2, defined in 4.3.2 and 4.3.3, and taken into 
account with adjustnlent factors a and f3 equal to 1, are deemed to represent the nlost 

severe traffic met or expected in practice, other than that of special vehicles requiring 
pennits to travel, on the main routes of European countries. The traffic on other routes 
in these countries and in some other countries lllay be substantially lighter, or better 
controlled. However it should be noted that a great nunlber of existing bridges do not 
meet the requirements of this EN 1991 and the associated Structural Eurocodes 
1992 to EN 1999. 

It is therefore recolnmended to the national authorities that values of the adjustment 
factors a and f3 be chosen for road bridge design corresponding possibly to several 

classes of routes on which the bridges are located, but remain as few and simple as 
possible, based on consideration of the national traffic regulations and the efficiency of 
the associated control. 

For railway bridges, Load Model 71 (together with Load Model SW/O for continuous 
bridges), defined in 6.3.2, represent the static effect of standard rail traffic operating 
over the standard-gauge or wide-gauge European mainline-network. Load Model SW 12, 
defined in 6.3.3, represents the static effect of heavy rail traffic. The lines, or sections of 
lines~ over which such loads shall be taken into account are defined in the National 
Annex (see below) or for the individual project. 

Provision is made for varying the specified loading to cater for variations in the type, 
volume andmaxitnum weight of rail traffic on different railways, as well as for different 
qualities of track. The characteristic values given for Load Models 71 and SW/O nlay be 
nlultiplied by a factor a for lines carrying rail traffic which is heavier or lighter than the 
standard. 

In addition two other load models are given for railway bridges: 
load model "unloaded train" for checking the lateral stability of single track bridges 
and 

- load model HSLM to represent the loading from passenger trains at speeds exceeding 
200 km/h. 

Guidance is also given on aerodynanlic actions on structures adjacent to railway tracks 
as a resuJt of passing trains and on other actions from railway infrastructure. 

Bridges are essentially public works, for which: 
the European Directive 89/440lEEC on contracts for public works is particularly 
relevant, and 

- public authorities have responsibilities as owners. 
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Public authorities may also have responsibilities for the issue of regulations on 
authorised traffic (especially on vehicle loads) and for delivery and control 
dispensations when relevant, e.g. for special vehicles. 

EN 1991-2 is therefore intended for use by : 
- con1mittees drafting standards for structural design and related product, testing and 

execution standards ; 
- clients (e.g. for the formulation of their specific requirements on traffic and 

associated loading requirements) ; 
- designers and constructors ; 
- relevant authorities. 

~ Where a Table or a Figure @il are part of a NOTE, the Table or the Figure nUlnber 
is followed by (n) (e.g. Table 4.5(n)). 

National Annex for EN 1991-2 

This Standard gives alternative procedures, values and recolnrnendations for classes 
with notes indicating where national choices have to be made. Therefore the National 
Standard in1plementing EN 1991-2 should have a National Annex containing all 
Nationally Detern1ined Paran1eters to be used for the design of bridges to be constructed 
in the relevant country. 

National choice is allowed in EN 1991-2 through the following clauses: 

Section 1 : General 
1.1 (3) I Complementary rules for retaining walls, buried structures and 

tunnels. 

Section 2 : Classification of actions 
2.2(2) NOTE 2 Use of infrequent values of loading for road bridges 
2.3(1) Definition of appropriate protection against collisions 
2.3(4) Rules concerning collisions forces from various origins 

Section 3 : Design situations 
(5) Rules for bridges carrying both road and rail traffic 

Section 4 : Road traffic actions and other actions specifically for road bridges 
4.1(1) NOTE 2 Road traffic actions for loaded lengths greater than 200m 
4.1(2) NOTE 1 Specific load models for bridges with limitation of vehicle weight 
4.2.1(1) NOTE Definition of complementary load models 
2 
4.2.1 (2) Definition of models of special vehicles 
4.2.3(1) Conventional height of kerbs 
4.3.1(2) NOTE Use ofLM2 
2 
4.3.2(3) Values of a factors 
NOTES 1 & 2 
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4.3.2(6) Use of simplified alternative load models 
4.3.3(2) Values of f3 factor 

4.3.3(4) NOTE Selection of wheel contact surface for LM2 
2 
4.3.4(1) ition of Load M 1 1 .... cia I vehicles) 
4.4.1(2) NOTE Upper lin1it of the braking force on road bridges 
2 
~ Text ~ Text deleted<gjJ 
deleted@j] 

) Horizontal forces associated with Load Model 3 
) Braking force transmitted by expansion joints 

4.4.2(4) Lateral forces on road bridge decks 
4.5.1- Table Consideration of horizontal forces in gr 1 a 
4.4a Notes a 
and b 
~ 4.5.~ infrequent values of variable actions 
NOTE 3 A 

I§) 4.6.1 (2) • Use of Fatigue Load Models 
NOTE 2 and 
NOTE4@j] 
4.6.1(3) NOTE Definition of traffic categories 
1 
4.6.1(6) Definition of additional an1plification factor (fatigue) 
4.6.4(3) Adjustment of Fatigue Load Model 3 
4.6.5(1) NOTE ad traffic characteristics for the use of Fatigue Load Model 4 
2 
4.6.6(1) Use of Fatigue Load Model 5 
4.7.2.1(1) Definition of impact force and height of in1pact 
4.7.2.2( I) Definition of collision forces on decks 
NOTE J 
4.7.3.3(1) Definition of collision forces on vehicle restraint systems 
NOTE 1 
4.7.3.3(1) Definition of vertical force acting simultaneously with the horizontal 
NOTE 3 collision force 
4.7.3.3(2) Design load for the structure supporting a vehicle parapet 
4.7.3.4(1) Definition of collision forces on unprotected vertical structural 

members 
4.8(1) NOTE 2 Definition of actions on pedestrian parapets 
4.8(3) Definition of design loads due to pedestrian parapets for the 

supporting structure 
4.9.1(1) NOTE Definition of load models on embankments 
1 

Section 5 : Actions on footways, cycle tracks and footbridges 
5.2.3(2) Definition of load models for inspection gangways 
5.3.2.1(1) Definition of the characteristic value of the uniformly distributed load 
5.3.2.2(1) Definition of the characteristic value of the concentrated load on 

footbridges 
5.3.2.3( l)P Definition of service vehicles for footbridges 
NOTE) 
5.4(2) Characteristic value of the horizontal force on footbridges 
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5.6.1(1) 
5.6.2.1(1) 
5.6.2.2(1) 
5.6.3(2) NOTE 

,2 
5.7(3) 

Definition of specific collision forces 
Collision forces on piers 
Collision forces on decks 

BS EN 1991-2:2003 
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Definition of a load nl0del for accidental presence of a vehicle on a 
footbridge 
Definition of dynamic models of pedestrian loads 

Section 6 : Rail traffic actions and other actions specifically for railway bridges 
6.1(2) Traffic outside the scope of EN 1991 -2, alternative load models I 

I 

,6.1(3)P Other types of railways 
6.1(7) Telnporary bridges 

, 

6.3.2(3)P Values of a factor 
6.3.3(4)P Choice of lines for heavy rail traffic 
6.4.4 Alternative requirements for a dynamic analysis 
6.4.5.2(3)P Choice of dynamic factor 
6.4.5.3(1) Alternative values of determinant lengths 
6.4.5.3 Deternlinant length of cantilevers 
Table 6.2 
6.4.6.1.1(6) Additional requirelnents for the application of HSLM 
6.4.6.1.1 (7) Loading and methodology for dynamic analysis 
6.4.6.1.2(3) Additional load cases depending upon number of tracks 

,Table 6.5 
6.4.6.3.1 (3) Values of damping 
Table 6.6 
6.4.6.3.2(3) Alternative density values of materials 
6.4.6.3.3(3) 
NOTE 1 Enhanced Young's modulus 
NOTE 2 Other material properties 
6.4.6.4(4) Reduction of peak response at resonance and alternative additional 

dalnping values 
6.4.6.4(5) Allowance for track defects and vehicle imperfections 
6.5.1(2) Increased height of centre of gravity for centrifugal forces 
6.5.3(5) I Actions due to braking for loaded lengths greater than 300 m 
6.5.3(9)P Alternative requirements for the application of traction and braking 

forces 
6.5.4.1(5) COlnbined response of structure and track, requirenlents for non-

ballasted track 
6.5.4.3.(2) Alternative requirenlents for temperature range 

I 
NOTES 1 & 2 
6.5.4.4(2) Longitudinal shear resistance between track and bridge deck 
NOTE 1 

i 6.5.4.5 Alternative design criteria 
6.5.4.5.1(2) Minimum value of track radius 
6.5.4.5.1 (2) Limiting values for rail stresses 
6.5.4.6 Alternative calculation nlethods 
6.5.4.6.1(1) Alternative criteria for simplified calculation methods 
6.5.4.6.1(4) Longitudinal plastic shear resistance between track and bridge deck 
6.6.1(3) Aerodynanlic actions, alternative values 
6.7.1(2)P Derailment of rail traffic, additional requirements 
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6.7.l(8)P Derailment of rail traffic, measures for structural elements situated 
above the level of the rails and requiren1ents to retain a derailed train 
on the structure 

6.7.3(1)P Other actions 
6.8.1 (ll)P Number of tracks loaded when checking drainage and structural 
Table 6.10 clearances 
6.8.2(2) Assessment of groups of loads 
Table 6.11 
6.8.3.1(1) Frequent values of n1ulti-component actions 
6.8.3.2(1) Quasi-permanent values of multi-colnponent actions 
6.9(6) Fatigue load models, structuraillfe 
6.9(7) Fatigue load models, special traffic 
Annex C(3)P DynamIC factor 
Annex C(3)P Method of dynamic analysis 
Annex D2(2) Partia "or fatigue loading 
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Section 1 General 

1.1 Scope 

BS EN 1991-2:2003 
EN 1991 .. 2:2003 (E) 

(l) EN 1991-2 defines imposed loads (models and representative values) associated 
with road traffic, pedestrian actions and rail traffic which include, when relevant, 
dynatnic effects and centrifugal, braking and acceleration actions and actions for 
accidental design situations. 

(2) Imposed loads defined in 1991-2 are intended to be used for the design of new 
bridges, including piers, abutments, upstand walls, wing walls and flank walls etc., and 
their foundations. 

(3) The load models and values given in EN 1991-2 should be used for the design of 
retaining walls adjacent to roads and railway lines. 

NOTE For some models only, applicability conditions are defined in EN 1991-2. For the design of buried 
structures, retaining walls and tunnels, provisions other than those in EN 1990 to EN 1999 may be 
necessary. Possible complementary conditions may be defined in the National Annex or for the individual 
project. 

(4) EN 1991-2 is intended to be used in conjunction with EN 1990 (especially A2) and 
EN 1991 to EN 1999. 

(5) Section 1 gives definitions and symbols. 

(6) Section 2 defines loading principles for road bridges, footbridges (or cycle-track 
bridges) and raiJway bridges. 

(7) Section 3 is concerned with design situations and gives guidance on simultaneity of 
traffic load models and on combinations with non-traffic actions. 

(8) Section 4 defines: 

imposed loads (models and representative values) due to traffic actions on road 
bridges and their conditions of mutual combination and of corrlbination with 
pedestrian and cycle traffic (see section 5) ; 

other actions specifically for the design of road bridges. 

(9) Section 5 defines: 

imposed loads (models and representative values) on footways, cycle tracks and 
footbridges ; 

- other actions specifically for the design of footbridges. 

(10) Sections 4 and 5 also define loads translnitted to the structure by vehicle restraint 
systems and/or pedestrian parapets. 
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(11) Section 6 defines: 

imposed actions due to rail traffic on bridges; 

- other actions specifically for the design of railway bridges and structures adjacent to 
the railway. 

1.2 Nornlative references 

This European Standard incorporates by dated or undated reference, provisions from other 
publications. These normative references are cited at the appropriate places in the text and 
the publications, are listed hereafter. For dated references, subsequent anlendnlents to or 
revisions of any of these publications apply to this European Standard only when 
incorporated in it by anlendment or revision. For undated references the latest edition of 
the publication referred to applies (including amendments), 

EN 1317 Road restraint systems 
Part 1 : Terminology and general criteria for test methods 
Part 2 : Performance classes, iInpact test acceptance criteria and 
test nlethods for safety barriers 
Part 6 : Pedestrian restraint systenls, pedestrian parapetparpets 

NOTE The Eurocodes were published as European Prestandards. The following European Standards 
which are published or in preparation are cited in normative clauses or in NOTES to normative clauses: 

EN 1990 
EN 1991-1-1 

EN 1991-1-3 

prEN 1991- 1-4 

prEN 1991 1-5 

prEN 1991 1-6 

prEN 1991-1-7 

EN 1992 
EN 1993 
EN 1994 
EN 1995 
EN 1997 
EN 1998 
EN 1999 

Eurocode : Basis of Structural Design 
Eurocode 1 : Actions on structures: Part 1-1 : General actions -
Densities, self-weight i111posed loads for buildings 
Eurocode 1 : Actions on structures: Part 1-3 : General actions -
Snow loads 
Eurocode 1 : Actions on structures: Part 1 : General actions -
Wind actions 
Eurocode 1 : Actions on structures: Part 1-5 : General actions 
Thennal actions 
Eurocode 1 : Actions on structures: Part 1-6 : General actions 
Actions during execution 
Eurocode 1 : Actions on structures: Part 1-7 : General actions -
Accidental actions 
Eurocode 2 : Design of concrete structures 
Eurocode 3 : Design of steel structures 
Eurocode 4 : Design of composite steel and concrete structures 
Eurocode 5 : Design of timber structures 
Eurocode 7 : Geotechnical design 
Eurocode 8 : Design of structures for earthquake resistance 
Eurocode 9 : Design of aluminium structures 

1.3 Distinction between Principles and Application Rules 

(1) Depending on the character of the individual clauses, distinction is made in EN 
1991-2 between Principles and Application Rules. 
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(2) The Principles comprise: 
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general statements and definitions for which there is no alternative, as well as ~ 

requirements and analytical lllodeis for which no alternative is pernlitted unless 
specificall y stated. 

(3) The Principles are identified by the letter P following the paragraph nunlber. 

(4) The Application Rules are generally recognised rules which comply with the 
Principles and satisfy their requireillents. 

(5) It is permissible to use alternative design rules different fro III the Application Rules 
given in EN 1991-2 for works, provided that it is shown that the alternative rules accord 
with the relevant Principles and are at least equivalent with regard to the structural 
safety, serviceability and durability which would be expected when using the 
Eurocodes. 

NOTE If an alternative design rule is substituted for an Application Rule, the resulting design cannot be 
claimed to be wholly in accordance with EN 1991-2 although the will remain in accordance with 
the Principles of EN 1991-2. When EN 1991-2 is used in respect of a property listed in an annex Z of a 
product standard or an ETAG5, the use of an allernative design rule may not be acceptable for CE 
marking. 

(6) In EN 1991 
this clause. 

the Application Rules are identified by a nUlllber in brackets e.g. as 

1.4 Ternls and definitions 

NOTE 1 For the purposes of this European Standard, general definitions are provided in EN 1990 and 
additional definitions specific to this Part are below. 

NOTE 2 Terminology for road restraint systems is derived from EN 1317-1. 

1.4.1 Harmonised terms and common definitions 

1.4.1.1 
deck 
parts of a bridge which carry the traffic loading over piers, abutments and other walls, 
pylons being excluded 

1.4.1.2 
road restraint system 
general name for vehicle restraint system and pedestrian restraint system used on the 
road 

NOTE Road restraint systems may be, according to use: 
- permanent (fixed) or temporary (demountable, i.e. they are removable and used during temporary road 
works, emergencies or similar situations), 
- deformable or rigid, 
- single-sided (they can be hit on one side only) or double-sided (they can be hit on either side). 

5 ET AG : European Technical Approval Guideline 
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1.4.1.3 
safety barrier 
road vehicle restraint system installed alongside, or on the central reserve, of a road 

1.4.1.4 
vehicle parapet 
safety barrier installed on the edge, or near the edge, of a bridge or on a retaining wall or 
similar structure where there is a vertical drop and which may include additional 
protection and restraint for pedestrians and other road users 

1.4.1.5 
pedestrian restraint system 
system installed to retain and to provide guidance for pedestrians 

1.4.1.6 
pedestrian parapet 
pedestrian or "other lIser" restraint system along a bridge or on top of a retaining wall or 
similar structure and which is not intended to act as a road vehicle restraint systenl 

1.4.1.7 
pedestrian guardrail 
pedestrian or "other user" restraint system along the edge of a footway or footpath 
intended to restrain pedestrians and other users from stepping onto or crossing a road or 
other area likely to be hazardous 

NOTE "Other user" may include provision for equestrians, cyclists and cattle. 

1.4.1.8 
noise barrier 
screen to reduce transmission of noise 

1.4.1.9 
inspection gangway 
permanent access for inspection, not open for public traffic 

1.4.1.10 
movable inspection platfornl 
part of a vehicle, distinct from the bridge, used for inspection 

1.4.1.11 
footbridge 
bridge intended mainly to carry pedestrian and/or cycle-track loads, and on which 
neither road traffic loads, except those pennitted vehicles e.g. Inaintenance vehicles, nor 
any railway load are pernlitted 
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1.4.2 Terms and definitions specifically for road bridges 

1.4.2.1 
carriageway 

BS EN 1991-2:2003 
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for application of sections 4 and 5, the part of the road surface, supported by a single 
structure (deck, pier, etc.), which includes all physical traffic lanes (i.e. as Inay be 
marked on the road surface), hard shoulders, hard strips and marker strips (see 4.2.3(1» 

1.4.2.2 
hard shoulder 
surfaced strip, usually of one traffic lane width, adjacent to the outermost physical 
traffic lane, intended for use by vehicles in the event of difficulty or during obstruction 
of the physical traffic lanes 

1.4.2.3 
hard strip 
surfaced strip, usually less than or equal to 2 m wide, located alongside a physical 
traffic lane, and between this traffic lane and a safety barrier or vehicle parapet 

1.4.2.4 
central reservation 
area separating the physical traffic lanes of a dual-carriageway road. It generally 
includes a tnedian strip and lateral hard strips separated from the median strip by safety 
barriers. 

1.4.2.5 
notional lane 
strip of the carriageway, parallel to an edge of the carriageway, which in section 4 is 
deemed to carry a line of cars and/or lorries 

1.4.2.6 
remaining area 
difference, where relevant, between the total area of the carriageway and the surn of the 
areas of the notional lanes (see Figure 4.1) 

1.4.2.7 
tandem system 
assernbly of two consecutive axles considered to be simultaneously loaded 

1.4.2.8 
abnormal load 
vehicle load which may not be carried on a route without pennission from the relevant 
authority 
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1.4.3 Ternls and definitions specifically for railway bridges 

1.4.3.1 
tracks 
tracks include rails and sleepers. They are laid on a ballast bed or are directly fastened 
to the decks of bridges. The tracks Dlay be equipped with expansion joints at one end or 
both ends of a deck. The position of tracks and the depth of ballast may be modified 
during the lifetinle of bridges, for the maintenance of tracks. 

1.4.3.2 
footpath 
strip located alongside the tracks, between the tracks and the parapets 

1.4.3.3 
resonant speed 
traffic speed at which a frequency of loading (or a multiple of) lnatches a natural 
frequency of the structure (or a multiple of) 

1.4.3.4 
frequent operating speed 
lllost probable speed at the site for a particular type of Real Train (used for fatigue 
considerations) 

1.4.3.5 
maxinlum line speed at the site 
maximum permitted speed of traffic at the site specified for the individual project 
(generally limited by characteristics of the infrastructure or railway operating safety 
requirements) 

1.4.3.6 
nlaximum permitted vehicle speed 
maxilllUln permitted speed of Real Trains due to vehicle considerations and generally 
independent of the infrastructure 

1.4.3.7 
nlaximum nominal speed 
generally the Maximunl Line Speed at the Site. Where specified for the individual 
project, a reduced speed may be used for checking individual Real Trains for their 
associatedmaximUlll permitted vehicle speed. 

1.4.3.8 
maximunl design speed 
generally 1,2 x Maximum Nominal Speed 
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1.4.3.9 
maximum train commissioning speed 
maximum speed used for testing a new train before the new train is brought into 
operational service and for special tests etc. The speed generally exceeds the Maximun1 
Permitted Vehicle Speed and the appropriate requirements are to be specified for the 
individual project. 

1.5 Symbols 

For the purposes of this European Standard, the following symbols apply. 

1.5.1 Common syrrlbols 

NOTE Symbols used in one place only are not systematically repeated below. 

Latin upper case letters 

L In general, loaded length 

Latin lower case letters 

gri Group of loads, i is a number (i = 1 to n) 
r Horizontal radius of a carriageway or track centre-line, 

distance between wheel loads (Figure 6.3) 

1.5.2 Symbols specifically for sections 4 and 5 

Latin upper case letters 

Q
ak 

Characteristic value of a single axle load (Load Model 2) for a road bridge 
(see 4.3.3) 

Q
tlk 

Characteristic horizontal force on a footbridge 

Qfwk Characteristic value of the concentrated load (wheel load) on a footbridge 
(see 5.3.2.2) 

Qik Magnitude of characteristic axle load (Load Model 1) on notional lane 
number i (i = 1, 2 ... ) of a road bridge 

Qlk Magnitude of the characteristic longitudinal forces (braking and 
acceleration forces) on a road bridge 

Qserv Load model corresponding to a service vehicle for footbridges 

Q(k Magnitude of the characteristic transverse or centrifugal forces on road 
bridges 

Q'rk Transverse braking force on road bridges 

TS Tandem system for Load Modell 
UDL Uniformly distributed load for Load Modell 
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Latin lOlrver case letters 

qeq 

lV 

In general, natural horizontal frequency of a bridge 

In general, natural vertical frequency of a bridge 

Number of notional lanes for a road bridge 

Equivalent unifornlly distributed load for axle loads on enlbankments (see 
4.9.1) 
Characteristic vertical unifornlly distributed load on footways or 
footbridges 
Magnitude of the characteristic vertical distributed load (Load Model 1) on 
notional lane number i (i = 1, 2 ... ) of a road bridge 
Magnitude of the characteristic vertical distributed load on the remaining 
area of the carriageway (Load Modell) 
Carriageway width for a road bridge, including hard shoulders, hard strips 
and marker strips (see 4.2.3(1)) 
Width of a notional Jane for a road bridge 

Greek upper case letters 

i:J.qJral Additional dynamic alnplification factor for fatigue near expansion joints 
(see 4.6.1(6)) 

Greek IOHler case letters 

qJrat 
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adjustn1ent factors of some load models on lanes i (i = 1, 2 ... ), defined in 
4.3.2 
Adjustment factor of load models on the remaining area, defined in 4.3.2 

Adjustment factor of Load Model 2 defined in 4.3.3 

Dynamic anlplification factor for fatigue (see annex B) 



BS EN 1991-2:2003 
EN 1991 .. 2:2003 (E) 

1.5.3 Symbols specifically for section 6 

Key 
( I ) Running surface 
(2) Longitudinal forces acting along the centreline of the track 

Figure 1.1 .. Notation and dimensions specifically for railways 

Latin upper case letters 

Acu'c)GOI.) 
D 
DIe 

F;i 
G 
H 

K 
K2 
K5 
K20 

L 

Lr 
LTP 

Aggressivity (see Equations EA and 
Coach or vehicle length 
Intennediate coach length for a Regular Train with one axle per coach 
Secant n10dulus of elasticity of normal weight concrete 

Total longitudinal support reaction 
Characteristic longitudinal force per track on the fixed bearings due to 
deformation of the deck 
Longitudinal force on a fixed bearing due to the combined response of 
track and structure to temperature 
Wind force compatible with rail traffic 

Individual longitudinal support reaction corresponding to the action i 

Self-weight (general) 
Height between (horizontal) axis of rotation of the (fixed) bearing and the 
upper surface of the deck (underside of ballast beneath tracks) 
Total longitudinal support stiffness 
Longitudinal support stiffness per track per n1, 2E3 kNhn 
Longitudinal support stiffness per track per m, 5E3 kN/n1 
Longitudinal support stiffness per track per m, 20E3 kN/m 
Length (general) 
Expansion length 

MaxirYlum pern1issible expansion length 
Influence length of the loaded patt of curved track 
Influence length 

"determinant" length (length associated with (J)) 
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M Number of point forces in a train 
N Number of regularly repeating coaches or vehicles, or 

number of axles, or 
number of equal point forces 

P Point force 
Individual axle load 

Q Concentrated force or variable action (general) 
QAld Point load for derailment loading 
Q

h 
Horizontal force (general) 

Qk Characteristic value of a concentrated force or a variable action (e.g. 

characteristic value of a vertical loading on a non-public footpath) 
Qlak Characteristic value of traction force 
Qlbk Characteristic value of braking force 
Q

r 
Rail traffic action (general, e.g. resultant of wind and centrifugal force) 

Qsk Characteristic value of nosing force 
Qlk Characteristic value of centrifugal force 
Q

v 
Vertical axle load 

Q
vi 

Wheel load 

Qvk Characteristic value of vertical load (concentrated load) 
I1T Tenlperature variation 
I1T D Temperature variation of the deck 
I1T N Temperature variation 
I1TR Temperature variation of the rail 
V S peed in kmlh 

Maxinlum Line Speed at the Site in klnlh 
Xi Length of sub-train consisting of i axles 

Latin lower case letters 

a 

c 
d 

e 

f 
f~kJ f~k, cube 

g 
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Distance between rail supports, length of distributed loads (Load Models 
SW/O and SW/2) 
Horizontal distance to the track centre 

Equivalent horizontal distance to the track centre 
Length of the longitudinal distribution of a load by a sleeper and ballast 
Space between distributed loads (Load Models SW/O and SW/2) 
Regular spacing of groups of axles 
Spacing of axles within a bogie 
Spacing of point forces in HSLM-B 
Spacing of axles within a bogie 
Spacing between centres of adjacent bogies 
Eccentricity of vertical loads, eccentricity of resulting action (on reference 
plane) 
Distance between adjacent axles across the coupling of two individual 
regular trainsets 
Reduction factor for centrifugal force 
Concrete compressive cylinder! cube strength 
Acceleration due to gravity 
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Height (general) 
Height of cover including ballast frOln the top of the deck to the top of a 
sleeper 
Vertical distance from the running surface to the underside of the structure 
above the track 
Height of centrifugal force over the running surface 

Height of wind force over the running surface 

Longitudinal plastic shear resistance of the track 
Train shape coefficient 

Multiplication factor for slipstream actions on vertical surfaces parallel to 
the tracks 
Reduction factor for slipstream actions on simple horizontal surfaces 
adjacent to the track 
Multiplication factor for slipstream actions on surfaces enclosing the 
tracks (horizontal actions) 
Multiplication factor for slipstreanl actions on surfaces enclosing the 
tracks (vertical actions) 
Longitudinal plastic shear resistance of track, 20kN per m of track 
Longitudinal plastic shear resistance of track, 40kN per m of track 
Longitudinal plastic shear resistance of track, 60kN per m of track 
First natural bending frequency of the unloaded structure 
First natural torsional frequency of the structure 
Distributed loading for derailnlent loading 
Characteristic value of vertical loading on non-public footpath (uniformly 
distributed load) 
Characteristic value of equivalent distributed aerodynalnic action 
Characteristic value of distributed traction force 
Characteristic value of distributed braking force 
Characteristic value of distributed centrifugal force 
Vertical load (uniformly distributed load) 
Characteristic value of vertical load (uniformly distributed load) 
Radius of track curvature 
Transverse distance between wheel loads 
Gauge 
Cant, relative vertical distance between the uppermost surface of the two 
rails at a particular location along the track 
Maximum Nominal Speed in mls 
Maximunl Pennitted Vehicle Speed in mls 
Speed in mls 
Maximunl Design Speed in mls 
Resonant speed in mls 
Maximutn dynamic response and maxilllum corresponding static response 
at any particular point 
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Greek upper case letters 

e End rotation of structure (general) 
(/)( (/)2'(/)3) Dynamic factor for railway Load Models 71, SW/O and SW/2 

Greek lower case letters 

a 

fJ 

(j p 

Sv 
b:r 
YFf 

JlMf 
tp,tp',tp" 

K 

A 

26 

Load classification factor 
Coefficient for speed 
Linear temperature coefficient for thermal expansion 
Ratio of the distance between the neutral axis and the surface of the deck 
relati ve to height H 
Deformation (general) 
Vertical deflection 
Deflection at ll1idspan due to permanent actions 
Longitudinal relative displacen1ent at the end of the deck due to traction 
and braking 
Longitudinal relative displacement at the end of the deck due to 
deformation of the deck 
Horizontal displacement 
Horizontal displacement due to the longitudinal displacement of the 
foundations of the substructure 
Horizontal displacell1ent due to the longitudinal deforn1ation of the 
substructure 
Vertical relative displacement at the end of the deck 
Horizontal displacell1ent due to longitudinal rotation of foundation 
Partial safety factor for fatigue loading 
Partial safety factor for fatigue strength 
Dynamic enhancement of static loading for Real Trains 

Dynamic enhancement of static loading for a Real Train determined from a 
dynamic analysis 
Coefficient relating to the stiffness of an abutment relati ve to the piers 
Damage equivalent factor for fatigue 
Excitation wavelength 
Critical wavelength of excitation 
Principal wavelength of excitation 
Wavelength of excitation at the Maximum Design Speed 
Density 
Stress 
Pressure on the upper surface of the deck from rail traffic actions 

Stress range due to the Load Model 71 (and where required SW 10) 
Reference value of fatigue strength 
Reduction factor for the determination of the longitudinal forces in the 
fixed bearings of one-piece decks due to traction and braking 
Lower limit of percentage of critical damping (%), or 
daInping ratio 
Total damping (%) 
Additional damping (0/0) 



Section 2 Classification of actions 

2.1 General 
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(1) The relevant traffic actions and other specific actions on bridges should be classified 
in accordance with EN 1990, section 4 (4.1.1). 

(2) Traffic actions on road bridges, footbridges and railway bridges consist of variable 
actions and actions for accidental design situations, which are represented by various 
models. 

(3) All traffic actions should be classified as free actions within the liInits specified in 
sections 4 to 6. 

(4) Traffic actions are mUlti-component actions. 

2.2 Variable actions 

(1) For normal conditions of use (i.e. excluding any accidental situation), the traffic and 
pedestrian loads (dynamic amplification included where relevant) should be considered 
as variable actions. 

(2) The various representative values are: 

- characteristic values, which are either statistical, i.e. corresponding to a lin1ited 
probability of being exceeded on a bridge during its design working life, or n0111inaJ, 
see EN 1990, 4.1.2(7) ; 

- frequent values ; 
- quasi-pennanent values. 

NOTE 1 In Table 2.1, some information is given on the bases for the calibration of the main Load 
Models (fatigue excluded) for road bridges and footbridges. Rail loading and the associated rand fj/ 

factors have been developed using Method (a) in C.l of EN 1990. 
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Table 2.1- Bases for the calibration of the main Load Models (fatigue excluded) 

Traffic Load Characteristic values Frequent values Quasi-permanent values 
Models 

Road brid~es 
LMI 1000 year return period (or I week return period for Calibration in accordance 

(4.3.2) probability of exceedance of traffic on the main roads in with definition given in EN 
5% in 50 years) for traffic on Europe factors equal to 1, 1990. 
the main roads in Europe (a see 4.3.2). 
factors equal to 1, see 4.3.2). 

LM2 1000 year return period 1 week return period for Not relevant 
(4.3.3) probability of exceedance of traffic on the main roads in 

5% in 50 years) for traffic on Europe (/3 factor equal to I, 
the main roads in Europe (fJ see 4.3.3). 
factor equal to ], see 4.3.3). 

LM3 Set of nominal values. Basic Not relevant Not relevant 
(4.3.4) values defined in annex A are 

derived from a synthesis 
based on various national 
regulations. 

LM4 Nominal value deemed to Not relevant Not relevant 
(4.3.5) represent the effects of a 

crowd. Defined with 
reference to existing national 
standards. 

Footbridges 
Uniformly Nominal value deemed to Equivalent static force Calibration in accordance 

distributed load represent the effects of a calibrated on the basis of 2 with definition given in EN 
I) crowd. Defined with pedestrians/m2 (in the 1990. 

reference to existing national absence of particular dynamic 
standards. behaviour). It can be 

considered, for footbridges in 
urban areas, as a load of J 

week return period. 
Concentrated load Nominal value. Defined with Not relevant Not relevant 

(5.3.2.2) reference to existing national 
standards. 

Service vehicle Nominal value. As specified Not relevant Not relevant 
(5.3.2.3) or given in 5.6.3. 

NOTE 2 For road bridges, the National Annex may impose the use of infrequent values which are 
intended lo correspond approximately to a mean return period of one year for traffic on the main roads in 
Europe. See also EN 1992-2, EN1994-2 and EN 1990, A2. 

(3) For calculation of fatigue lives, separate n10dels, associated values and, where 
relevant, specific requirements are given in 4.6 for road bridges, in 6.9 for railway 
bridges, and in the relevant annexes. 

2.3 Actions for accidental design situations 

(1) Road vehicles and trains may generate actions due to collision, or their accidental 
presence or location. These actions should be considered for the structural design where 
appropriate protection is not provided. 

NOTE Appropriate protection may be defined in the National Annex or for the individual project. 
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(2) Actions for accidental design situations described in this Part of EN 1991 refer to 
common situations. They are represented by various load models defining design values 
in the form of static equivalent loads. 

(3) For actions due to road vehicles under road bridges, footbridges and railway bridges 
during accidental design situations, see ~ 4.7.2,5.6.2 and 6.7.2@J]. 

(4) Collision forces due to boats, ships or aeroplanes, for road bridges, footbridges and 
railway bridges (e.g. over canals and navigable water), should be defined where 
appropriate. 

NOTE The National Annex may define the collision forces. Recommended values for boat and ship 
impacts are given in EN 1991-1-7. Additional requirements may be specified for the individual project. 

(5) Actions for accidental design situations due to road vehicles on road bridges and 
footbridges are defined in 4.7.3 and 5.6.3 respectively. 

(6) Actions for accidental design situations due to trains or railway infrastructure are 
defined in 6.7. They are applicable where relevant to road bridges, footbridges and 
railway bridges. 
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Section 3 Design situations 

(l)P Selected design situations shall be taken into account and critical load cases 
identified. For each critical load case, the design values of the effects of actions in 
cOlnbination shall be detern1ined. 

NOTE For bridges for which signalling is used to limit the weight of vehicles, an accidental design 
situation may have to be taken into account, corresponding to the crossing of the bridge by one vehicle in 
breach of warnings. 

(2) The various traffic loads to be taken into account as simultaneous when using groups 
of loads (coll1binations of action components) are given in the following sections; each 
of which should be considered in design calculations, where relevant. 

(3)P The combination rules, depending on the calculation to be undertaken, shall be in 
accordance with EN 1990. 

NOTE For seismic combinations for bridges and associated rules, see EN 1998-2. 

(4) Specific rules for the simultaneity with other actions for road bridges, footbridges, 
and railway bridges are given in EN 1990, A2. 

(5) For bridges intended for both road and rail traffic, the simultaneity of actions and the 
particular required verifications should be specified. 

NOTE The particular rules may be defined in Lhe National Annex or for the individual project. 
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Section 4 Road traffic actions and other actions specifically for road 
bridges 

4.1 Field of application 

(1) Load lTIodels defined in this section should be used for the design of road bridges 
with loaded lengths less than 200 m. 

NOTE I 200 m corresponds to the maximum length taken into account for the calibration of Load Model 
I 4.3.2). Tn general, the use of Load Model] is safe-sided for loaded lengths over 200 m. 

NOTE 2 Load models for loaded lengths greater than 200 m may be defined in the National Annex or for 
the individual project. 

(2) The lTIodels and associated rules are intended to cover all normally foreseeable 
traffic situations (i.e. traffic conditions in either direction on any lane due to the road 
traffic) to be taken into account for design (see however (3) and the notes in 4.2.1). 

NOTE 1 Specific models may be defined in the National Annex or for the individual project to be used 
for bridges equipped with appropriate means including road signs intended to striclly limit the weight of 
any vehicle (e.g. for local, agricultural or private roads). 

NOTE 2 Load models for abutments and walls adjacent to bridges are defined separately 4.9). They 
derive from the road traffic models without any correction for dynamic effects. For frame bridges, loads 
on road embankments may also give rise to action effects in the bridge structure. 

(3) The effects of loads on road construction sites (e.g. due to scrapers, lorries carrying 
earth, etc.) or of loads specifically for inspection and tests are not intended to be 
covered by the load models and should be separately specified, where relevant. 

4.2 Representation of actions 

4.2.1 Models of road traffic loads 

(1) Loads due to the road traffic, consisting of cars, lorries and special vehicles (e.g. for 
industrial transport), give rise to vertical and horizontal, static and dynamic forces. 

NOTE 1 The load models defined in this section do not describe actual loads. They have been selected 
and calibrated so that their effects (with dynamic amplification included where indicated) represent the 
effects of the actual traffic in the year 2000 in European countries. 

NOTE 2 The National Annex may define complementary load models, with associated combination rules 
where traffic outside the scope of the load models specified in this section needs to be considered. 

NOTE 3 The dynamic amplification included in the models (fatigue excepted), although established for a 
medium pavement quality (see annex B) and pneumatic vehicle suspension, depends on various 
parameters and on the action effect under consideration. Therefore, it cannot be represented by a unique 
factor. In some unfavourable cases, it may reach 1,7 (local effects), but still more unfavourable values can 
be reached for poorer pavement quality, or if there is a risk of resonance. These cases can be avoided by 
appropriate quality and design measures. Therefore, an additional dynamic amplification may have to be 
taken into account for particular calculations 4.6.1 or for the individual project. 
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(2) Where vehicles which do not comply with National regulations concerning limits of 
weights and, possibly, dinlensions of vehicles not requiring special penuits, or luilitary 
loads, have to be taken into account for the design of a bridge, they should be defined. 

NOTE The National Annex may define these models. Guidance on standard models for special vehicles 
and their application is given in annex A. See 4.3.4. 

4.2.2 Loading classes 

(1) The actual loads on road bridges result from various categories of vehicles and from 
pedestrians. 

(2) Vehicle traffic may differ between bridges depending on its cOlnposltIon (e.g. 
percentages of lorries), its density (e.g. average number of vehicles per year), its 
conditions (e.g. jam frequency), the extrenle likely weights of vehicles and their axle 
loads, and, if relevant, the influence of road signs restricting carrying capacity. 

These differences should be taken into account through the use of load nlodels suited to 
the location of a bridge (e.g. choice of adjustlllent factors a and f3 defined in 4.3.2 for 

Load ~!Jodel 1 and in 4.3.3 for Load Model 2 respectively). 

4.2.3 Divisions of the carriageway into notional lanes 

(1) The carriageway width, w, should be Ineasured between kerbs or between the inner 
limits of vehicle restraint systems, and should not include the distance between fixed 
vehicle restraint systelns or kerbs of a central reservation nor the widths of these vehicle 
restraint systelus. 

NOTE The National Annex may define the minimum value of the height of the kerbs to he taken into 
account. The recommended minimum value of this height is 100 mm. 

(2) The width WI of notional lanes on a carriageway and the greatest possible whole 

(integer) nUlnber lZl of such lanes on this carriageway are defined in Table 4.1. 
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Table 4.1 - Number and width of notional lanes 

Carriageway Number of Width ofa Width of the 
width w notional lanes notional lane Wl remaining area 

w< 5,4 m 11] = 1 3m w- 3 m 

5,4 111:::;; w < 6 m 111 = 2 w 0 
-

2 
6 lll:::;; W 

11, = bU(;) 3 rn W - 3 x HI 

NOTE For example, for a carriageway width equal to 11m, 1/] In{j) 3, and the width of the 

remaining area is j I - 3x3 2m. 

(3) For variable carriageway widths, the nUlnber of notional lanes should be defined in 
accordance with the principles used for Table 4.1. 

NOTE For example, the number of notional lanes will be : 
1 where HI < 5A m 

- 2 where 5,4 tV < 9 m 
3 where 9 m ~ tV < 12 m. eLe. 

(4) Where the carriageway on a bridge deck is physically divided into two parts 
separated by a central reservation, then: 

(a) each part, including all hard shoulders or strips, should be separately divided into 
notional lanes if the parts are separated by a pennanent road restraint system; 

(b) the whole carriageway, central reservation included, should be divided into notional 
Janes if the parts are separated by a telllporary road restraint system. 

NOTE The rules given in 4.2.3(4) may be adjusted for the individual project, allowing for envisaged 
future modifications of the traffic lanes on the deck, e.g. for repair. 

4.2.4 Location and numbering of the lanes for design 

The location and nUlllbering of the lanes should be determined in accordance with the 
following rules: 

(1) The locations of notional lanes should not be necessarily related to their numbering. 

(2) For each individual verification (e.g. for a verification of the ultimate lill1it state of 
resistance of a cross-section to bending), the number of lanes to be taken into account as 
loaded, their location on the carriageway and their nunlbering should be so chosen that 
the effects from the load models are the most adverse. 

(3) For fatigue representative values and models, the location and the numbering of the 
lanes should be selected depending on the traffic to be expected in nonnal conditions. 
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(4) The lane giving the nlost unfavourable effect is numbered Lane Number 1, the lane 
giving the second 111.ost unfavourable effect is numbered Lane Number 2, etc. (see 
Figure 4.1). 

w 

Key 
W Carriageway width 
IVI Notional lane width 

1 Notional Lane Nr. 1 
2 Notional Lane Nr. 2 
3 Notional Lane Nr. :3 
4 Remaining area 

® 

Figure 4.1 .. Example of the Lane Numbering in the most general case 

(5) Where the carriageway consists of two separate parts on the san1e deck, only one 
numbering should be used for the whole carriageway. 

NOTE Hence, even if the carriageway is divided into two separate parts, there is only one Lane Number 
I; which can IEl) be considered alternatively on the two parts. 

(6) Where the carriageway consists of two separate parts on two independent decks, 
each part should be considered as a carriageway. Separate numbering should then be 
used for the design of each deck. If the two decks are supported by the sanle piers 
and/or abutlnents, there should be one nunlbering for the two parts together for the 
design of the piers and/or the abutments. 

4.2.5 Application of the load models on the individual lanes 

(1) For each individual verification, the load models, on each notional lane, should be 
applied on such a length and so longitudinally located that the most adverse effect is 
obtained, as far as this is conlpatible with the conditions of application defined below 
for each particular model. 

(2) On the remaining area, the associated load model should be applied on such lengths 
and widths in order to obtain the most adverse effect, as far as this is con1patible with 
particular conditions specified in 4.3. 

(3) When relevant, the various load n10dels should be conlbined together (see 4.5) and 
with models for pedestrian or cycle loads. 
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4.3 Vertical loads - Characteristic values 

4.3.1 General and associated design situations 

( l) Characteristic loads are intended for the detennination of road traffic effects 
associated with ultimate limit state verifications and with particular serviceability 
verifications EN 1990 to EN 1999). 

(2) The load models for vertical loads represent the following traffic effects: 

a) Load Modell (LMl) : Concentrated and uniformly distributed loads, which cover 
IllOSt of the effects of the traffic of lorries and cars. This tllodel should be used for 
general and local verifications. 

b) Load Model 2 (LM2) : A single axle load applied on specific tyre contact areas 
which covers the dynaInic effects of the normal traffic on short structuraltnenlbers. 

NOTE 1 As an order of magnitude, LM2 can be predominant in the range of loaded lengths up to 3m to 
7m. 

NOTE 2 The use of LM2 may be further defined in the National Annex. 

c) Load Model 3 (LM3) : A set of assenlblies of axle loads representing special 
vehicles (e.g. for industrial transport) which can travel on routes pennitted for 
abnormal loads. It is intended for general and local verifications. 

d) Load Model 4 (LM4) : A crowd loading, intended only for general verifications. 

NOTE This crowd loading is particularly relevant for bridges located in or near towns if its effects are 
not covered by Load Modell. 

(3) Load Models 1,2 and 3, where relevant, should be taken into account for any type of 
design situation (e.g. for transient situations during repair works). 

(4) Load Model 4 should be used only for some transient design situations. 

4.3.2 Load Model 1 

(1) Load Modell consists of two partial systems: 

(a) Double-axle concentrated loads (tandem system TS), each axle having the 
following weight: 

aQQk (4.1) 

where: 
a Q are adjustment factors. 

No nl0re than one tandem system should be taken into account per notional lane. 
Only complete tandem systems should be taken into account. 
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For the assessment of general effects, each tanden1 systen1 should be assumed to 
travel centrally along the axes of notional lanes (5) below for local 
verifications and Figure 4.2b). 
Each axle of the tanden1 systen1 should be taken into account with two identical 
wheels, the load per wheel being therefore equal to O,SaOQk . 

The contact surface of each wheel should be taken as square and of side 0,40 n1 
(see Figure 4.2b). 

(b) Uniforn1ly distributed loads (UDL system), having the following weight per square 
metre of notional lane: 

aqqk 
where: 
a q are adjustment factors. 

(4.2) 

The unifonnly distributed loads should be applied only in the unfavourable parts of the 
influence surface, longitudinally and transversally. 

NOTE LM 1 1S intended to cover flowing, congested or traffic jam situations with a high percentage of 
heavy lorries. In general, when used with the basic values, it covers the effects of a special vehicle of 600 
kN as defined in annex A. 

(2) Load Model 1 should be applied on each notional lane and on the ren1aining areas. 

On notional lane Number i, the load magnitudes are referred to as aQiQik and aqiqik (see 

Table 4.2). On the ren1aining areas, the load magnitude is referred to as aqrqrk' 

(3) The va] ues of adjustn1ent factors a Oi ' a qi and a qr should be selected depending on 

the expected traffic and possibly on different classes of routes. In the absence of 
specification these factors should be taken equal to unity. 

NOTE I The values of a
Qi

, aqi and factors are given in the National Annex. In all cases, for bridges 

without road signs restricting vehicle weights, the following minimum values are recommended: 

a
QI 

0,8 and (4.3) 

for: i::::. 2, a .::::. 1 ; this restriction being not applicable to a . 
'II . qr 

(4.4) 

NOTE 2 Values of a factors may correspond, in the National Annex, to classes of traffic. When they are 
taken equal to I, they correspond to a traffic for which a heavy industrial international traffic is expected, 
representing a large part of the total traffic of heavy vehicles. For more common traffic compositions 

(highways or motorways), a moderate reduction of a factors applied to tandems systems and the 
uniformly distributed loads on Lane I may be applied (10 to 

(4) The characteristic values of Qik and qik' dynalnic an1plification included, should be 

taken frOln Table 4.2. 
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Table 4.2 - Load model 1 : characteristic values 

Location Tandem system TS UDLsystem 

Axle loads Qik (kN) ~qik (or qrk) (kNltn2)@] 

Lane N unlber ] 300 9 
Lane Number 2 200 2,5 
Lane Number 3 100 2,5 

Other lanes 0 2,5 

Remaining area ( qrk ) 0 2,5 

The details of Load Modell are illustrated in Figure 4.2a. 

Key 
(1) Lane Nr. I : Qlk = 300 kN; qlk = 9 kN/m2 

Lane Nr. 2 : Q2k = 200 kN ; q2k = kN/nl 
(3) Lane Nr. 3 : Q3k = 100 kN ; q3k = kN/m2 

~Tandem axle spacing 1,2 m @il 

* For vtl, 3,00 m 

Figure 4.2a - Application of load Model 1 

NOTE The application of and 4.3.2-( 1) to (4) practically consists, for this model, of choosing 
the locations of the numbered Janes and the locations of the tandem systems (in most cases in the same 
cross-section). The length and width to be loaded by UDL are those of the relevant adverse parts of the 
intluence surfaces. 

(5) For local verifications, a tandem system should be applied at the lnost unfavourable 
location. Where two tandenl systelns on adjacent notional lanes are taken into account, 
they may be brought closer, with a distance between wheel axles not below 0,50 m (see 
Figure 4.2b). 
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I 

I 2,00 

!+I,:~ 1,20 

------tlIIr- X 

Figure 4.2b - Application of tandenl systenls for local verifications 

(6) Where general and local effects can be calculated separately, the general effects n1ay 
be calculated by using the following simplified alternative rules: 

NOTE The National Annex may define the conditions of use of these alternative rules. 

a) the second and third tandem systems are replaced by a second tandem syste.m with 
axle weight equal to : 

(200 + 100 aQ3 ) kN, or (4.5) 

b) for span lengths greater than 10m, each tandem system are replaced in each lane by 
a one-axle concentrated load of weight equal to the total weight of the two axles. 

NOTE In that case, the single axle weight is : 

600 a Q1 kN on Lane Number 1 

400 aQ2 kN on Lane Number 2 

200 aQ3 kN on Lane Number 3 

4.3.3 Load Model 2 

(1) Load Model 2 consists of a single axle load f3QQak with Qak equal to 400 kN, 

dynamic amplification included, which should be applied at any location on the 
carriageway. However, when relevant, only one wheel of 200 f3Q (kN) may be taken 

into account. 

(2) The value of f3Q should be specified. 
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NOTE The National Annex may give the value of fJQ . It is recommended that fJQ aQ, . 

(3) In the vicinity of expansion joints, an additional dynamic amplification factor equal 
to the value defined in 4.6.1(6) should be applied. 

(4) The contact surface of each wheel should be taken into account as a rectangle of 
sides 0,35 m and 0,60 m (see Figure 4.3). 

x 
I 

I ... ~ .. .,.~ ... '. t 

{\\~ ~ 

Key 
X Bridge longitudinal axis direction 
1 Kerb 

Figure 4.3 - Load Model 2 

NOTE 1 The contact areas of Load Models 1 and 2 are different, and conespond to different tyre models, 
arrangements and pressure distributions. The contact areas of Load Model 2, corresponding io twin lyres, 
are normally relevant for orthotropic decks. 

NOTE 2 For simplicity, the National Annex may adopt the same square contact surface for the wheels of 
Load Models I and 2. 

4.3.4 Load Model 3 (special vehicles) 

(1) Where relevant, models of special vehkles should be defined and taken into 
account. 

NOTE The National Annex may define Load Model 3 and its conditions of use. Annex A gives guidance 
on standard models and their conditions of application. 

4.3.5 Load Model 4 (crowd loading) 

(1) Crowd loading, if relevant, should be represented by a Load Model consisting of a 
uniforn1ly distributed load (whkh includes dynamic amplification) equal to 5 kNhn2

• 

NOTE The application of LM4 may be defined for the individual project. 
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(2) Load Model 4 should be applied on the relevant parts of the length and width of the 
road bridge deck, the central reservation being included where relevant. This loading 
systenl, intended for general verifications, should associated only with a transient 
design situation. 

4.3.6 Dispersal of concentrated loads 

(1) The various concentrated loads to be considered for local verifications, associated 
with Load Models 1 and 2, should be taken as uniformly distributed on their whole 
contact area. 

(2) The dispersal through the pavenlent and concrete slabs should be taken at a spread
to-depth ratio of 1 horizontally to I vertically down to the level of the centroid of the 
slab (Figure 4.4). 

NOTE In the case of dispersal through backfill or earth~ see the NOTES in 4.9.1. 

Key 
I Wheel contact pressure 
2 Pavement 
:3 Concrete slab 
4 Middle surface of concrete slab 

Figure 4.4 - Dispersal of concentrated loads through pavement and a concrete slab 

(3) The dispersal through the pavenlent and orthotropic decks should be taken at a 
spread-to-depth ratio of 1 horizontally to 1 vertically down to the level of the middle 
plane of the structural top plate (Figure 4.5). 

NOTE The transverse distribution of the load among the ribs of the orthotropic deck is not considered 
here. 

40 

Figure 4.5 - Dispersal of concentrated loads through pavement 
and orthotropic decks 
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4.4 Horizontal forces - Characteristic values 

4.4.1 Braking and acceleration forces 

(l)P A braking force, Qlk' shall be taken as a longitudinal force acting at the surfacing 

level of the carriageway. 

The characteristic value of Qlk' lilTIited to 900 kN for the total width of the bridge, 

should be calculated as a fraction of the total maXimUlTI vertical loads corresponding to 
the Load Model 1 likely to be applied on Lane Number 1, as follows: 

Q1k = 0,6aQI (2Qlk) + 0,10aq1 q,k wlL 

180aQ, (kN) ~ Q1k ~ 900 (kN) 

where: 

L is the length of the deck or of the part of it under consideration. 

(4.6) 

NOTE 1 For example, Qlk 360 + 2,7 L 900 kN) for a 3m wide lane and for a loaded length L> 1,2 Ill, 

if a factors are equal to unity. 

NOTE 2 The upper limit (900 kN) may be adjusted in the National Annex. The value 900 kN is normally 
intended to cover the maximum braking force of military vehicles according to STANAG6. 

(3) Horizontal forces associated with Load Model 3 should be defined where 
appropriate. 

NOTE The National Annex may define horizontal forces associated with Load Model 3. 

(4) This force should be taken into account as located along the axis of any lane. 
However, if the eccentricity effects are not significant, the force lTIay be considered to 
be applied only along the carriageway axis, and uniformly distributed over the loaded 
length. 

(5) Acceleration forces should be taken into account with the same magnitude as 
braking forces, but in the opposite direction. 

NOTE Practically this means that Q
1k 

may be negative as well as positive. 

(6) The horizontal force transmitted by expansion joints or applied to structural 
members that can be loaded by only one axle should be defined. 

NOTE The National Annex may define the value for Qlk . The recommended value is : 

Q1k = 0,6aQ1 Qlk 

6 STANAG : Military STANdardization AGreements (STANAG 2021) 
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4.4.2 Centrifugal and other transverse forces 

(1) The centrifugal force Qtk should be taken as a transverse force acting at the finished 

carriageway level and radially to the axis of the carriageway. 

(2) The characteristic value of Qtk' in which dynamic effects are included, should be 

taken from Table 4.3. 

Table 4.3 - Characteristic values of centrifugal forces 

Qtk = 0,2Qv (kN) if r < 200 nl 

Qlk 40Qv / r (kN) if 200 ~ r ~ 1500 m 

Qtk = 0 if r>1500m 

where: 

r is the horizontal radius of the carriageway centreline [m] 

Qv is the total Inaximum weight of vertical concentrated loads of the tandem 

systems of LMl, i.e. IaQi (2Qik) (see Table 4.2). 

(3) Qtk should be assulued to act as a point load at any deck cross-section. 

(4) Where relevant, lateral forces from skew braking or skidding should be taken into 
account. A transverse braking force, Qtrk' equal to 25% of the longitudinal braking or 

acceleration force Qlk' should be considered to act simultaneously with Q1k at the 

finished carriageway level. 

NOTE The National Annex may define a minimum transverse loading. In most cases, forces resulting 
from wind effects and collisions on kerbs provide a sufficient transverse loading. 

4.5 Groups of traffic loads on road bridges 

4.5.1 Characteristic values of the mUlti-component action 

(1) The simultaneity of the loading systems defined in 4.3.2 (Load Modell), 4.3.3 
(Load Model 2), 4.3.4 (Load Model 3), 4.3.5 (Load Model 4), 4.4 (horizontal forces) 
and the loads defined in section 5 for footways should be taken into account by 
considering the groups of loads defined in Table 4.4a. Each of these groups of loads, 
which are lTIutually exclusive, should be considered as defining a characteristic action 
for c01nbination with non-traffic loads. 
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Table 4.4a - Assessment of groups of traffic loads (characteristic values of the mUlti-component action) 

CARRIAGEWAY FOOTWAYS AND 
CYCLE TRACKS 

Load type Vertical forces Horizontal forces Vertical 
forces only 

Reference 4.3.2 4.3.3 4.3.4 4.3.5 4.4.1 4.4.2 5.3.2-(1 ) 
Load system LM1 LM2 LM3 LM4 Braking and Centrifugal Uniformly 

(TS and UDL (Single axle) (Special (Crowd acceleration and Distributed 
systems) vehicles) loading) forces a transverse load 

forces a 

gr1a Characteristic Combination 
values value b 

gr1b Characteristic 
value 

gr2 Frequent Characteristic Characteristic 
values value value 

Groups gr3 d Characteristic I 
of Loads value c I 

gr4 Chaiacteristic Characteristic 
value value 

gr5 See annex A Characteristic 
value 

Dominant component action (designated as component associated with the group) 
a May be defined in the National Annex (for the cases mentioned). 
b May be defined in the National Annex. The recommended value is 3 kN/m2

. 

c See 5.3.2.1-(2). One footway only should be considered to be loaded if the effect is more unfavourable than the effect of two loaded 
footways. 
d This group is irrelevant if gr4 is considered. 
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4.5.2 Other representative values of the multi-component action 

(1) The frequent action should consist only of either the frequent vaJues of LMI or the 
frequent value of LM2, or the frequent values of loads on footways or cycle-tracks 
(taking the more unfavourable), without any accon1panying component, as defined in 
Table 4.4b. 

NOTE] For the individual components of the tratIic action, these representative values are defined in 
EN 1990, A2. 

NOTE 2 For quasi-permanent values (generally equal to zero), see EN 1990, A2. 

NOTE 3 Where the National Annex refers to infrequent values of variable actions, the same rule as in 
4.5.1 may be applied by replacing all characteristic values in Table 4.4 by infrequent values defined in 
EN 1990, A2, without modifying the other values mentioned in the Table. But the inti-equent group gr2 is 
practically irrelevant for road bridges. 

Table 4.4b - Assessment of groups of traffic loads (frequent values of the multi
component action) 

CARRIAGEW A Y FOOTW A YS AND 
CYCLE TRACKS 

Load type Vertical forces 

Reference 4.3.2 4.3.3 5.3.2(1) 

Load system LM 1 (TS and UDL LM2 (single axle) Uniformly distributed 

systems) load 

grla IE Frequent vnlue~ r 

Groups of grlb Fi quem value 
loads 

gr3 r _ Ill i<I: 
, I 1t;\.IU\: IlY(i:lue ' J!,Hi 

a One footway only should be considered to be loaded if the etTect is more unfavourable than the effect of two 
loaded footways. 

4.5.3 Groups of loads in transient design situations 

(1) The rules given in 4.5.1 and 4,5.2 are applicable with the following modifications 
given in 4.5.3(2). 

(2) For verifications in transient design situations, the characteristic values associated 
with the tandem system should be taken equal to O,8aQi Qik' and all other characteristic, 

frequent and quasi-pennanent values and the horizontal forces are as specified for 
persistent design situations without any modification (i.e. they are not reduced 
proportionally to the weight of the tandems). 

NOTE In transient design situations due to road or bridge maintenance, the traffic is commonly 
concentrated on smaller areas without being significantly reduced, and long lasting traffic jams are 
frequent. However, more reductions may be applied in cases where the heaviest lorries are diverted by 
appropriate measures. 
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(]) Traffic running on bridges produces a stress spectrum which may cause fatigue. The 
stress spectrum depends on the geonletry of the vehicles, the axle loads, the vehicle 
spacing, the conlposition of the traffic and its dynamic effects. 

(2) In the following, five fatigue load models of vertical forces are defined and given in 
4.6.2 to 4.6.6. 

NOTE I Horizontal forces may have to be taken into account simultaneously with vertical forces for the 
individual project: for example, centrifugal forces may occasionally need to be considered together with 
the vertical loads. 

NOTE 2 The use of the various Fatigue Load Models is defined in EN 1992 to EN 1999 and further 
information is given as below: 

a) Fatigue Load Models I, 2 and 3 are intended to be used to determine the maximum and minimum 
stresses resulting from the possible load arrangements on the bridge of any of these models; in many 
cases, only the algebraic difference between these stresses is used in EN 1992 to ENl 999. 

b) Fatigue Load Models 4 and 5 are intended to be used to determine stress range spectra resulting from 
the passage of lorries on the bridge. 

c) Fatigue Load Models 1 and 2 are intended to be used to check whether the fatigue life may be 
considered as unlimited when a constant stress amplitude fatigue limit is given. Therefore, they are 
appropriate for steel constructions and may be inappropriate for other materials. Fatigue Load Model I is 
generally conservative and covers multi-lane effects automatically. Fatigue Load Model 2 is more 
accurate than Fatigue Load Modell when the simultaneous presence of several lorries on the bridge can 
be neglected for fatigue verifications. If that is not the case, it should be used only if it is supplemented by 
additional data. The National Annex may the conditions of use of fatigue load models I and 2. 

d) Fatigue Load Models 3, 4 and 5 are intended to be used for fatigue life assessment by reference to 
fatigue strength curves defined in EN1992 to EN1999. They should not be used to check whether fatigue 
life can be considered as unlimited. For this reason, they are not numerically comparable to Fatigue Load 
Models 1 and 2. Fatigue Load Model 3 may also be used for the direct verification of designs by 
simplified methods in which the inl1uence of the annual traffic volume and of some bridge dimensions is 

taken into account by a material-dependent adjustment factor Ae' 

e) Fatigue Load Model 4 is more accurate than Fatigue Load Model 3 for a variety of bridges and of the 
traffic when the simultaneous presence of several lorries on the bridge can be neglected. If that is not the 
case, it should be used only if it is supplemented by additional data, specified or as defined in the National 
Annex. 

t) Fatigue Load Model 5 is the most general model, using actual traffic data. 

NOTE 3 The load values given for Fatigue Load Models 1 to 3 are appropriate for typical heavy traffic 
on European main roads or motorways (traffic category Number 1 as defined in Table 4.5). 

NOTE 4 The values of Fatigue Load M.odels 1 and 2 may be modified for the individual project or by the 
National Annex when considering other categories of traffic. In this case, the modifications made to both 
models should be proportional. For Fatigue Load Model 3 a modification depends on the verification 
procedure. 
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(3) A traffic category on a bridge should be defined, for fatigue verifications, at least, 
by: 

the nUIl1ber of slow lanes, 
the number Nobs of heavy vehicles (maximum gross vehicle weight lllore than 100 

kN), observed or estimated, per year and per slow lane (i.e. a traffic lane used 
predolllinantly by lorries). 

NOTE I The traffic categories and values may be defined in the National Annex, Indicative values for 
No'" are given in Table 4.5 for a slow lane when using Fatigue Load Models 3 and 4. On each fast lane 

a traffic Jane used predominantly hy cars), additionally, 10% of N,)bS may he taken into account. 

Tahle 4,5(n) - Indicative number of heavy vehicles expected per year and per slow lane 

Traffic categories Nobs per year and per slow lane 

I Roads and 1110torways with 2 or more 2,0 x 106 

lanes per direction with high flow rates 
of lorries 

2 Roads and motorways with medium 0,5x106 

now rates of lorries 

3 Main roads with low now rates of 0,125 x 106 

lorries 

4 Local roads with low flow rates of 0,05 x 106 

lorries 

NOTE 2 Tahle 4.5 is not sufficient to characterise the traffic for fatigue verifications. Other parameters 
may have to be considered, for example: 

percentages of vehicle types (see, e,g., Tahle 4.7), which depend on the "traffic type", 
parameters defining the distribution of the weight of vehicles or axles of each type, 

NOTE 3 There is no general relation hetween traffic categories for fatigue verifications, and the loading 
classes and associated a factors mentioned in 4.2.2 and 4.3.2. 

NOTE 4 Intermediate values of Nobs are not excluded, hut are unlikely to have significant effect on the 

1~ltigue life. 

(4) For the assessment of general action effects (e.g. ill main girders) all fatigue load 
ll10dels should be placed centrally on the notional lanes defined in accordance with the 
principles and rules given in 4.2.4(2) and (3). The slow lanes should be identified in the 
design. 

(5) For the assessment of local action effects (e.g. in slabs) the models should be 
centered on notional lanes assumed to be located anywhere on the carriageway. 
However, where the transverse location of the vehicles for Fatigue Load Models 3, 4 
and 5 is significant for the studied effects (e.g. for orthotropic decks), a statistical 
distribution of this transverse location should be taken into account in accordance with 
Figure 4.6. 

46 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

y 

I 
50% 

I· ·1· ·1· ·1- ·1· ·1 
5 x 0.1 m 

Figure 4.6 - Frequency distribution of transverse location 
of centre line of vehicle 

(6) Fatigue Load Models 1 to 4 include dynanlic load amplification appropriate for 
pavelnents of good quality (see annex B). An additional amplification factor ~lpfal 

should be taken into account near expansion joints and applied to all Joads : 

( 
D \ 

I1qJfat = 1,30 1- 26 j (4.7) 

where: 

D is the distance (In) of the cross-section under consideration frOln the expansion 
joint. See Figure 4.7. 

AY?fat 

1.30 

~ 1,20 

~ 1,10 

~ 1,00 I 
I 
I D 

6,00 m 

Key 
: Additional amplification factor 

D : Distance of the cross-section under consideralion from the expansion joint 

Figure 4.7 - Representation of the additional amplification factor 

NOTE A conservative, often acceptable, simplification may consist of adopting t. qJ fat 1,3 for any cross

section within 6m hom the expansion joint. The dynamic additional amplification may be modified in lhe 
National Annex. Expression (4.7) is recommended. 
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4.6.2 Fatigue Load Modell (similar to LMl) 

(1) Fatigue Load Model 1 has the configuration of the characteristic Load 110del 1 
defined in 4.3.2, with the values of the axle loads equal to O,7Qik and the values of the 

uniformly distributed loads equal to O,3qik and (unless otherwise specified) O,3qrk' 

NOTE The load values for Fatigue Load Model 1 are similar to those defined for the Frequent Load 
Mode1. However adopting the Frequent Load Model without adjustment would have been excessively 
conservative by comparison with the other models, especially for large loaded areas. For individual 

projects, qrk may be neglected. 

(2) The maxilnum and minirllum stresses ( and O"FLM.rnin) should be detennined 

from the possible load arrangenlents of the model on the bridge. 

4.6.3 Fatigue Load Model 2 (set of "frequent" lorries) 

(1 ) Fatigue Load Model 2 consists of a set of idealised lorries, called "frequenC lorries, 
to be used as defined in (3) below. 

(2) Each "frequent lorry" is defined by : 
the number of axles and the axle spacing (Table 4.6, columns 1 +2), 
the frequent load of each axle (Table 4.6, column 3), 
the wheel contact areas and the transverse distance between wheels (colunln 4 of 
Table 4.6 and Table 4.8). 

(3) The maximum and minimum stresses should be determined from the most severe 
effects of different lorries, separately considered, travelling alone along the appropriate 
lane. 

NOTE When some of these lorries are obviously the most critical, the others may be disregarded. 
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4 
LORRY Axle Frequent Wheel 

SILHOUETTE spacing axle loads type (see 
(m) (kN) Table 4.8) 
4,5 90 A 

g -1~1 
•• 

190 B 
1-
'O'C:-' U 

4,20 80 A 

raJ\ II 
1,30 140 B 

140 B 
,..,-L...[ ~,-u 

3,20 90 A 

IEri~~_ II 
5,20 180 B 

ii"~"--G-' vvv 1,30 120 C 
1,30 120 C 

120 C 
3AO 90 A 

i~ila.~ I[ 6,00 190 B 

.0' 1,80 140 B 
-~' - 140 B 

4,80 90 A 

,1 III 
3,60 180 B 

vu ~ov 4AO 120 c 
1,30 110 C 

110 C 

4.6.4 Fatigue Load Model 3 (single vehicle model) 

(1) This model consists of four axles, each of them having two identical wheels. The 
geometry is shown in Figure 4.8. The weight of each axle is equal to 120 kN, and the 
contact surface of each wheel is a square of side OAO m. 

,------6,00 m------11 

I 
2,00 m m -----... - x 

-! 

Key 
WI : Lane width 
X : Bridge longitudinal axis 

Figure 4.8 - Fatigue Load Model 3 

49 



BS EN 1991-2:2003 
EN 1991·2:2003 (E) 

(2) The maximum and minimum stresses and the stress ranges for each cycle of stress 
fluctuation, i.e. their algebraic difference, resulting from the transit of the nl0del along 
the bridge should be calculated. 

(3) Where relevant, two vehicles in the same lane should be taken into account. 

NOTE The conditions of application of this rule may be defined in the National Annex or for the 
individual project. Possible recommended conditions are given hereafter: 

one vehicle is as defined in (]) above; 
the geolnelry of the second vehic1e is as defined in (1) above and the weight of each axle is equal to 
36 kN (instead of 120 kN) ; 
the distance between the two vehicles, measured from centre to centre of vehicles, is not less than 40 
In. 

4.6.5 Fatigue Load Model 4 (set of "standard" lorries) 

(1) Fatigue Load Model 4 consists of sets of standard lorries which together produce 
effects equivalent to those of typical traffic on European roads. A set of lorries 
appropriate to the traffic mixes predicted for the route as defined in Tables 4.7 and 4.8 
should be taken into account. 
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Table 4.7 - Set of equivalent lorries 

VEHICLE TYPE TRAFFIC TYPE 

1 2 3 4 I 5 (1 7 

Long Mediun~ Local 
distance distance traffic 

Axle Equivalent LOrI'), Lorry LoI'~~ge Whcel 

LORRY spacing axle percentage pen'cntage Jlercent 'ypc 
(m) loads 

(kN) 

I 4,5 70 20,0 40,0 80,0 A 

IM'lll II 

130 B 

ir~. u 

4,20 70 5,0 10,0 5,0 A 

e-n II 

1,30 120 B 
120 B IfCJf;,- VV 

l 
3,20 70 50,0 30,0 5,0 A 

frll'\1 I 

5,20 150 B 
1,30 90 C lioDe~ \iI-\iilV 1,30 90 C 

90 C 
3,40 70 15,0 15,0 5,0 A 

{~ll ft.~~ II 
6,00 140 B 

~4 
] ,80 90 B 

''IIiiiI'-c...: . ...., 

90 B 

4,80 70 10,0 5,0 5,0 A 

~~ ill 
3,60 130 B 
4,40 90 C u u 'VV

I 

1,30 80 C 
80 C 

NOTE 1 This model, based on five standard lorries, simulates traffic which is deemed to produce fatigue 
damage equivalent to that due to actual traffic of the corresponding category defined in Table 4,5, 

NOTE 2 Other standard lorries and lorry percentages may be defined for the individual project or in the 
National Annex. 

NOTE 3 For the selection of a traffic type, it may broadJy be considered that: 
"Long distance" means hundreds of kilometres, 
"Medium distance" means 50 to 100 km, 
"Local traffic" means distances less than 50 km. 

In reality, mixture of traffic lypes may occur. 
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Table 4.8 - Definition of wheels and axles 

WHEEL/ 
AXLE TYPE 

A 

B 

C 

GEOMETRICAL DEFINITION 

(2) Each standard lorry is defined by : 

the number of axles and the axle spacing (Table 4.7, colulnns 1+2), 

the equivalent load of each axle (Table 4.7, column 3) 

- the wheel contact areas and the transverse distances between wheels, in accordance 
with colullln 7 of Table 4.7. and Table 4.8. 

(3) The calculations should be based on the following procedure: 

the percentage of each standard lorry in the traffic flow should be selected fronl 
Table 4.7. columns 4, 5 or 6 as relevant; 

- the total number of vehicles per year to be considered for the whole carriageway 

L NObs should be defined; 

NOTE Recommended values are given in Table 4.5. 

each standard lorry is considered to cross the bridge in the absence of any other 
vehicle. 

(4) The stress range spectrum and the corresponding nmnber of cycles from each 
fluctuation in stress during the passage of individual lorries on the bridge should be the 
Rainflow or the Reservoir counting method. 
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4.6.6 Fatigue Load l\10de15 (based on recorded road traffic data) 

(1) Fatigue Load Model 5 consists of the direct application of recorded traffic data, 
supplemented, if relevant, by appropriate statistical and projected extrapolations. 

NOTE For the use of this model, see the National Annex. Guidance fbr a eomplete specification and the 
application of such a model is given in annex B. 

4.7 Actions for accidental design situations 

4.7.1 General 

(1)P Loads due to road vehicles in accidental design situations shall be taken into 
account where relevant, resulting frorn : 

vehicle collision with bridge piers, soffit of bridge or decks, 
the presence of heavy wheels or vehicle on footways (effects of heavy wheels or 
vehicle on footways shall be considered for all road bridges where footways are not 
protected by an effective rigid road restraint system), 
vehicle collision with kerbs, vehicle parapets and structural cornponents (effects of 
vehicle collision with vehicle parapets and safety barriers shall be considered for all 
road bridges where such road restraint systems are provided on the bridge deck 
effects of vehicle collision with kerbs shall be considered in all cases). 

4.7.2 Collision forces from vehicles under the bridge 

NOTE See 5.6.2 and 6.7.2, and EN 1990, A2. 

4.7.2.1 Collisioll forces Oil piers alld other supporting llzel1zbers 

(1) Forces due to the collision of abnormal height or aberrant road vehicles with piers or 
with the supporting mernbers of a bridge should be taken into account. 

NOTE The National Annex may define: 
rules to proteet the bridge from vehicular collision forces, 
when vehicular collision forces are to be taken into account (e.g. with reference to a safety distance 
between piers and the of the carriageway), 
the magnitude and location of vehicular collision forces, 
and also the limit states to be considered. 

For stiff piers the following minimum values are recommended: 
a) Impact force: 1000 kN in the direction of vehicle travel or 500 kN perpendicular to that direction; 
b) Height above the level of adjacent ground surface: 1,25 m. 
See also EN 1991-1-7. 

4.7.2.2 Collisioll forces Oil decks 

(1) If relevant the vehicle collision force should be specified. 

NOTE I The National Annex may define the collision force on decks, possibly in relation to vertical 
clearance and other forms of protection. See EN ] 991-1-7. 
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NOTE 2 Collision loads on bridge decks and other structural components over roads may vary widely 
depending on structural and non-structural parameters, and their conditions of applicability. The 
possibility of collision by vehicles having an abnormal or illegal height may have to be envisaged, as well 
as a crane swinging up while a vehicJe is moving. Preventive or protective measures may be introduced as 
an alternative to designing for collision forces. 

4.7.3 Actions from vehicles on the bridge 

4.7.3.1 Vehicle Oil Jootways and cycle tracks on road bridges 

(1) If a safety barrier of an appropriate containment level is provided, wheel or vehicle 
loading beyond this protection need not be taken into account. 

NOTE Containment levels for safety barriers are defined in EN 1317-2. 

(2) Where the protection mentioned in (1) is provided, one accidental axle load 
corresponding to a Q2Q2k (see 4.3.2) should be so placed and oriented on the unprotected 

parts of the deck so as to give the n10st adverse effect adjacent to the safety barrier as 
shown, for example, in Figure 4.9. This axle load should not be taken into account 
simultaneously with any other variable load on the deck. A single wheel alone should be 
taken into account if geometrical constraints n1ake a two-wheel arrangenlent impossible. 

Beyond the vehicle restraint system, the characteristic variable concentrated load 
defined in 5.3.2.2 should be applied, if relevant, separately fron1 the accidental load. 

~ ~! \~ ~i ! 
~~ ~~ 

0,40 

~ 

® 

® 

Key 
(I) Pedestrian parapet (or vehicJe parapet if a safety barrier is not provided) 

Safety barrier 
(3) Carriageway 

Figure 4.9 - Examples showing locations of loads from vehicles on footways and 
cycle tracks of road bridges 
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(3) In the absence of the protection mentioned in 0), the rules given in (2) are 
applicable up to the edge of the deck where a vehicle parapet is provided. 

4.7.3.2 Collisioll forces Oil kerbs 

(1) The action from vehicle collision with kerbs or pavement upstands should be taken 
as a lateral force equal to 100 kN acting at a depth of 0,05 m below the top of the kerb. 

This force should be considered as acting on a line 0,5 m long and is transmitted by the 
kerbs to the structural members supporting thenl. In rigid structural nleolbers, the load 
should be assumed to have an angle of dispersal of 45°. When unfavourable, a vertical 
traffic load acting sinlultaneously with the collision force equal to 0,75aQ1 Qlk (see 

Figure 4. 10) should be taken into account. 

1 
':.\-II!---J 0,50 m 

~J 

Key 
(1) Footway 
(2) Kerb 

Figure 4.10 - Definition of vehicle collision forces on kerbs 

4.7.3.3 Collision forces 011 vehicle restraint systelns 

(1) For structural design, horizontal and vertical forces transferred to the bridge deck by 
vehicle restraint systelns should be taken into account. 

NOTE 1 The National Annex may define and se1ect classes of collision forces and associated conditions 
of application. In the following, 4 recommended classes of values for the transferred horizontal force are 
given: 

Table 4.9 (n) - Recommended classes for the horizontal force transferred 
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The horizontal force, acting transversely, may be applied 100 mm below the top of the selected vehicle 
restraint system or ],0 m above the level of the carriageway or footway, whichever is the lower, and on a 
line 0,5 m long. 

NOTE 2 The values of the horizontal forces given for the classes A to D derive from measurements 
duri ng collision tests on real vehicle restraint systems used for bridges. There is no direct correlation 
between these values and performance classes of vehicle restraint systems. The proposed values depend 
rather on the stiffness of the connection between the vehicle restraint system and the kerb or the part of 
the bridge to which it is connected. A very strong connection leads to the horizontal force given for class 
D. The lowest horizontal force derives from measurements for a vehicle restraint system with a \\leak 
connection. Such systems are ti-equently used for a steel vehicle restraint systems according to a 
performance class H2 according to EN 1317-2. A very weak connection may lead to the horizontal force 
given for class A. 

NOTE:3 The vertical force acting simultaneously with the horizontal collision force may be defined in 
the National Annex. The recommended values may be taken equal to O,75a

Q1
Qlk' The calculations taking 

account of horizontal and vertical forces may be replaced, when possible, by detailing measures (for 
example, design of reinforcement). 

(2) The structure supporting the vehicle parapet should be designed to sustain locally an 
accidental Joad effect corresponding to at least 1,25 tin1es the characteristic Jocal 
resistance of vehicle parapet (e.g. resistance of the connection of the parapet to the 
structure) and need not be con1hined with any other variable load. 

NOTE This design load effect may be defined in the National Annex. The value given in this clause 
(I is a recommended minimum value. 

4.7.3.4 Collision forces Oil structurallnelnbers 

(]) The vehicle collision forces on unprotected structural n1en1bers above or beside the 
carriageway levels should be taken into account. 

NOTE These forces may the defined in the National Annex. It is recommended that they may be the 
same as defined in 4.7.2.1 (l), acting 1,25 m above the carriageway level. However, when additional 
protective measures between the carriageway and these members are provided, this force may be reduced 
for the individual project. 

(2) These forces should not be considered to act simultaneously with any variable load. 

NOTE For some intermediate members where damage to one of which would not cause collapse 
hangers or stays), smaller forces may be defined for the individual project. 

4.8 Actions on pedestrian parapets 

(1) For structural design, forces that are transfened to the bridge deck by pedestrian 
parapets should be taken into account as variable loads and defined, depending on the 
selected loading class of the parapet. 

NOTE 1 For loading classes of pedestrian parapets, see EN 1317-6. For bridges, class C is the 
recommended minimum class. 

NOTE 2 The forces transferred to the bridge deck by pedestrian parapets may be defined with their 
classification for the individual project or in the National Annex in accordance with EN 1317-6. A line 
force of 1,0 kN/m acting, as a variable load, horizontally or vertically on the top of the parapet is a 
recommended minimum value for footways or footbridges. For service side paths, the recommended 
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minimum value is 0,8 kN/m. Exceptional and accidental cases are not covered by these recommended 
minimum values. 

(2) For the design of the supporting structure, if pedestrian parapets are adequately 
protected against vehicle collision, the horizontal actions should be considered as 
simultaneous with the unifoflnly distributed vertical loads defined in 5.3.2.1. 

NOTE Pedestrlan parapets can be considered as adequately protected only if the protection satisfies the 
requirements for the individual project. 

(3) Where pedestrian parapets cannot be considered as adequately protected against 
vehicle collisions, the supporting structure should be designed to sustain an accidental 
load effect corresponding to 1,25 tilnes the characteristic resistance of the parapet, 
exclusive of any variable load. 

NOTE This design load effect may be defined in the National Annex. The value given in this clause 
(1,25) is recommended. 

4.9 Load models for abutments and walls adjacent to bridges 

4.9.1 Vertical loads 

(1) The carriageway located behind abutlnents, wing walls! side walls and other parts of 
the bridge in contact with earth! should be loaded with appropriate models. 

NOTE I These appropriate load models may be defined in the National Annex. The use of Load 
Modell, defined in 4.3.2, is recommended, but, for simplicity, the tandem system loads may be replaced 
by an equivalent uniformly distributed load, noted qeq, spread over an appropriate relevant rectangular 
surface depending on the dispersal of the loads through the backfill or earth. 

NOTE 2 For the dispersal of the loads through the backfill or earth, see EN 1997. In the absence of 
any other rule, if the backfill is properly consolidated, the recommended value of the dispersal angle 
IEl) from the is equal to 30°. With such a value, the surface on which qeq is applied may be 
taken as a rectangular surface 3 m wide and 2,20 III long. 

(2) Representative values of the load 1110del other than the characteristic values should 
not be considered. 

4.9.2 Horizontal force 

(1) No horizontal force should be taken into account at the surfacing level of the 
carriageway over the backfill. 

(2) For the design of abutlnent upstand walls (see Figure 4.11), a longitudinal braking 
force should be taken into account with a characteristic value equal to O,6aQ1 Qlk' acting 

sinlultaneously with the aQ1QJk axle loading of Load Model NUlnber 1 and with the 

earth pressure froln the backfill. The backfill should be assumed not to be loaded 
sill1ultaneously. 
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1 1----1-..... 

® 

Key 
( t) Upstand wall 

Bridge deck 
(3) Abutment 

® 

Figure 4.11 - Definition of loads on upstand walls 
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Section 5 Actions on footways, cycle tracks and footbridges 

5 .. 1 Field of application 

(1) Load models defined in this section are applicable to footways, cyc1e tracks and 
footbridges. 

(2) The unifonnly distributed load qfk (defined in 5.3.2.1) and the concentrated load 

Qfwk (defined in 5.3.2.2) should be used for road and railway bridges as weJl as for 

footbridges, where relevant (see 4.5, 4.7.3 and 6.3.6.2(1)). All other variable actions and 
actions for accidental design situations defined in this section are intended only for 
footbridges. 

NOTE I For loads on access steps, see 6.3 in EN 1991 I-I. 

NOTE 2 For large footbridges (for example more than 6 m width) load models defined in this section 
may not be appropriate and then complementary load models, with associated combination rules, may 
have to be defined for the individual project. Indeed, various human activities may take place all wide 
footbridges. 

(3) Models and representative values given in this section should be used for 
serviceability and ultimate liInit state calculations excluding fatigue lilnit states. 

(4) For calculations relating to the vibration of pedestrian bridges and based on dynanlic 
analysis, see 5.7. For all other calculations of load effects to be perfornled for any 
bridge type, the models and values given in this section include the dynanlic 
atnplification effects, and the variable actions should be treated as static. 

(5) The effects of loads on construction sites are not intended to be covered by the load 
models given in this section and should be separately specified, where relevant. 

5.2 Representation of actions 

5.2.1 Models of the loads 

(1) The imposed loads defined in this section result frOln pedestrian and cycle traffic, 
minor COlnmon construction and nlaintenance loads (e.g. service vehicles), and 
accidental situations. These loads give rise to vertical and horizontal, static and dynaInic 
forces. 

NOTE] Loads due to cycle traffic are generally much lower than those due to pedestrian traffic, and the 
values given in this section are based on the frequent or occasional presence of pedestrians on cycle lanes. 
Special consideration may need to be given to loads due to horses or cattle for individual projects. 

NOTE 2 The load models defined in this section do not describe actual loads. They have been selected so 
that their effects (with dynamic amplification included where mentioned) represent the effects of actual 
traffic. 
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(2) Actions for accidental design situations due to collision should be represented by 
static equivalent loads. 

5.2.2 Loading classes 

(1) Loads on footbridges n1ay differ depending on their location and on the possible 
traffic flow of son1e vehicles. These factors are mutually independent and are 
considered in various clauses given below. Therefore no general classification of these 
bridges needs to be defined. 

5.2.3 Application of the load models 

(1) The same models, service vehicle excepted (see 5.3.2.3), should be used for 
pedestrian and cycle traffic on footbridges, on the areas of the deck of road bridges 
limited by pedestrian parapets and not included in the carriageway as defined in 1.4.2 
(footways as defined in this Part of EN 1991) and on the footpaths of rail way bridges. 

(2) Other appropriate models should be defined for inspection gangways within the 
bridges and for platforms on railway bridges. 

NOTE Such models can be defined in the National Annex or for the individual project. The 
recommended models, to be used separately in order to get the most unfavourable effects, are an 
uniformly distributed load of 2 kN/m2 and a concentrated load of 3 kN applicable to a square surface of 
O,20xO,20 m2

. 

(3) For each individual application, the models of vertical loads should be applied 
anywhere within the relevant areas so that the most adverse effect is obtained. 

NOTE Tn other terms, these actions are free actions. 

5.3 Static nlodels for vertical loads - characteristic values 

5.3.1 General 

(1) Characteristic loads are intended for the determination of pedestrian or cycle-track 
static load effects associated with ultimate limit-states verifications and particular 
serviceability verifications. 

(2) Three models, mutually exclusive, should be taken into account, as relevant. They 
consist of : 

- a uniformly distributed load, qfk 

a concentrated load Qfwk' and 

- loads representing service vehicles, Qserv' 

(3) The characteristic values of these load models should be used for both persistent and 
transient design situations. 
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(1) For road bridges supporting footways or cycle tracks, a uniformly distributed load 
qfk should be defined (Figure 5.1). 

Figure 5.1 - Characteristic load on a footway (or cycle track) 

NOTE The characteristic value qtK may be defined in the National Annex or for the individual project. 

The recommended value is qfk = 5 kN/m2
• 

(2) For the design of footbridges, a uniformly distributed load qfk should be defined and 

applied only in the unfavourable parts of the influence surface, 10ngitudinalJy and 
transversall y. 

NOTE Load Model 4 loading) defined in 4.3.S, corresponding to qlk S kN/m2, may be specified 

to cover the static effects of a continuous dense crowd where such a risk exists. \Vhere the application of 
Load Model 4 defined in 4.3.S is not required for footbridges, the recommended value for qlk is : 

qfl; 2,0+ 120 kN/m 2 

. L+30 

(S.I) 

where: 
L is the loaded length in [ml 

5.3.2.2 Concentrated load 

(1) The characteristic value of the concentrated load Qfwk should be taken equal to 10 

kN acting on a square surface of sides 0,10 m. 

NOTE The characteristic value of the load as well as the dimensions may be adjusted in the National 
Annex. The values in this clause are recommended. 

(2) Where, in a verification, and local effects can be distinguished, the 
concentrated load should be taken into account only for local effects. 
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(3) If, for a footbridge, a serVIce vehicle, as n1entioned in 5.3.2.3 is spedfied, 
QJwk should not be considered. 

5.3.2.3 Service vehicle 

(l)P When service vehicles are to be carried on a footbridge or footway, one service 
vehicle Qserv shaH be taken into account. 

NOTE J This vehicle may be a vehicle for maintenance, emergencies ambulance, or other 
services. The characteristics of this vehicle (axle \veight and spacing, contact area of wheels), the 
dynamic amplification and all other appropriate loading rules may be defined for the individual project or 
in the National Annex. If no information is available and if no permanent obstacle prevents a vehicle 
being driven onto the bridge deck, the use of the vehicle defined in 5.6.3 as the service vehicle 
(characteristic load) is recommended; in this case, there will be no need to apply i.e. to consider the 
same vehicle as accidental. 

NOTE 2 Service vehicle needs not be considered if permanent provisions are made to prevent access 
of all vehicles to the footbridge. 

NOTE 3 Several service vehicles, mutually exclusive, may have to be taken into account and may be 
defined for the individual project. 

5.4 Static model for horizontal forces - Characteristic values 

(l) For footbridges only, a horizontal force Qt1k should be taken into account, acting 

along the bridge deck axis at the pavement level. 

(2) The characteristic value of the horizontal force should be taken equal to the greater 
of the following two values: 

10 cent of the total load corresponding to the uniformly distributed load (5.3.2.1), 
- 60 per cent of the total weight of the service vehicle, if relevant (5.3.2.3-(l)P). 

NOTE The characteristic value of the horizontal force may be defined in the National Annex or for the 
individual project. The values in this clause are recommended. 

(3) The horizontal force is considered as acting simultaneously with the corresponding 
vertical load, and in no case with the concentrated load Qfwk' 

NOTE This force is normally sufficient to ensure the horizontal longitudinal stability of footbridges. It 
does not ensure horizontal transverse stability, which should be ensured by considering other actions or 
by appropriate design measures. 

5.5 Groups of traffic loads on footbridges 

(l)When relevant, the vertical loads and horizontal forces due to traffic should be taken 
into account by considering groups of loads defined in Table 5.1. Each of these groups 
of loads, which are 11lutually exclusive, should be considered as defining a characteristic 
action for cornbination with non-traffic loads. 
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Table 5.1 - Definition of groups of loads (characteristic values) 

Load type Vertical forces Horizontal 
forces 

Load system Uniformly Service vehicle 
distributed load 

Groups grl qfk 0 Qllk 

of loads gr2 0 Qserv Qnk 

(2) For any cOlubination of traffic loads together with actions specified in other Parts of 
EN 1991, any such group should be considered as one action. 

NOTE For the individual components of the traffic loads on footbridges, the other representative values 
are defi ned in EN 1990, A2. 

5.6 Actions for accidental design situations for footbridges 

5.6.1 General 

(1) Such actions are due to : 

road traffic under the bridge (i.e. collision) or 

the accidental presence of a heavy vehicle on the bridge. 

NOTE Other collision forces 
Annex. 

2.3) may be defined for the individual project or in the National 

5.6.2 Collision forces from road vehicles under the bridge 

(1) The measures to protect a footbridge should be defined. 

NOTE Footbridges (piers and decks) are generally much more sensitive to collision forces than road 
bridges. Designing them for the same collision load may be unrealistic. The most effeclive way to take 
collision into account general1y consists of protecting the footbridges: 

by road restraint systems at appropriate distances before piers, 
by a higher clearance than for neighbouring road or railway bridges over the same road in the 
absence of intermediate access to the road. 

5.6.2.1 Collisiollforces Oil piers 

(1) Forces due to the collision of abnormal height or aberrant road vehicles with piers or 
with the supporting 111elubers of a footbridge or ran1ps or stairs should be taken into 
account. 

NOTE The National Annex may define: 
rules to protect the bridge from vehicular collision forces, 
when vehicular collision forces are to be taken into account (e.g. with reference to a safety distance 
between piers and the edge of the carriageway), 
the magnitude and location of vehicular collision forces, 
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and also the limit states to be considered. 
For stiff piers the following minimum values are recommended: 
a) Impact force : 1000 kN in the direction of vehicle travel or 500 kN perpendicular to that 
direction; 
b) Height above the level of adjacent ground surface: 1,25 m. 
See also EN 1991-1-7. 

5.6.2.2 Collision forces Oil decks 

(1) An adequate vertical clearance between the ground surface and the soffit of the deck 
above should be ensured in the design, when relevant. 

NOTE 1 The National Annex or the individual project may define collision forces depending on the 
vertical clearance. See also EN 1991-1-7. 

NOTE 2 The possibility of collision by vehicles having an abnormal or illegal height may have to be 
taken into account. 

5.6.3 Accidental presence of vehicles on the bridge 

(1)P If no permanent obstacle prevents a vehicle from being driven onto the bridge 
deck, the accidental presence of a vehicle on the bridge deck shall be taken into account. 

(2) For such a situation, the following load model should be used, consisting of a two
axle load group of 80 and 40 kN, separated by a wheel base of 3 m (Figure 5.2), with a 
track (wheel-centre to wheel-centre) of 1,3 m and square contact areas of side 0,2m at 
coating level. The braking force associated with the load model should be 60% of the 
vertical load. 

1,30 m 

Key 
x : Bridge axis direction 
Qsvl = 80 kN 
Qsv2 = 40 kN 

Figure 5.2 - Accidental loading 

NOTE I See the note in 5.3.2.3-(l)P. 
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NOTE 2 If relevant, other characteristics of the load model may be defined in the National Annex or for 
the individual project. The model defined in this clause is recommended. 

(3) No variable action should be taken into account simultaneously with the load nlodel 
defined in 5.6.3(2). 

5.7 Dynamic models of pedestrian loads 

(1) Depending on the dynamic characteristics of the structure, the relevant natural 
frequencies (corresponding to vertical, horizontal, torsional vibrations) of the main 
structure of the bridge deck should be determined fron1 an appropriate structural model. 

NOTE Vibrations of footbridges may have various origins, e.g. pedestrians, who can walk, run, jump or 
dance, wind, vandals, etc. 

(2) Forces exerted by pedestrians with a frequency identical to one of the natural 
frequencies of the bridge can result into resonance and need to be taken into account for 
limit state verifications in relation with vibrations. 

NOTE Effects of pedestrian traffic on a footbridge depend on various factors as, for example, the number 
and location of people likely to be simultaneously on the bridge, and also on external circumstances, more 
or less linked to the location of the bridge. In the absence of significant response of lhe bridge, a 
pedestrian normally walking exerts on it the following simultaneous periodic forces: 

in the vertical direction, with a frequency range of between 1 and 3 Hz, and 
in the horizontal direction, with a frequency range of between 0,5 and 1,5 Hz. 

Groups of joggers may cross a footbridge with a frequency of 3 Hz. 

(3) Appropriate dynamic models of pedestrian loads and conlfort criteria should be 
defined. 

NOTE The dynamic models of pedestrian loads and associated comfort criteria may be defined in the 
National Annex or for the individual project. See also EN 1990, A2. 

5.8 Actions on parapets 

(1) For footbridges, pedestrian parapets should be designed in accordance with rules 
given in 4.8. 

5.9 Load model for abutments and walls adjacent to bridges 

(1) The area external to a carriageway and located behind abutments, wing walls, side 
walls and other parts of the bridge in contact with earth, should be loaded with a 
unifonnly distributed vertical load of 5 kN/n12. 

NOTE 1 This load does not cover the effects of heavy construction vehicles and other lorries commonly 
used for the placing of the backfill. 

NOTE 2 The characteristic value may be adjusted for the individual project. 
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Section 6 Rail traffic actions and other actions specifically for railway 
bridges 

6.1 Field of application 

(l)P This section applies to rail traffic on the standard track gauge and wide track gauge 
European n1ainline network. 

(2) The 10admode1s defined in this section do not describe actual loads. They have been 
selected so that their effects, with dynanlic enhancements taken into account separately, 
represent the effects of service traffic. Where traffic outside the scope of the load 
1110dels specified in this Part needs to be considered, then alternative load Inodels, with 
associated combination rules, should be specified. 

NOTE The alternative load models with associated combination rules may be defined in the National 
Annex or for the individual project. 

(3)P This section is not applicable for actions due to: 
narrow-gauge railways, 
tramways and other light railways, 
preservation railways, 
rack and pinion railways, 
funicular railways. 

The loading and characteristic values of actions for these types of railways should be 
specified. 

NOTE The loading and characteristic values of actions for these types of railways may be defined in the 
National Annex or for the individual project. 

(4) Requirements are specified in EN 1990 A2 for the limits of deformation of structures 
carrying rail traffic to maintain the safety of operations and to ensure the comfort of 
passengers etc .. 

(5) Three standard mixes of rail traffic are given as a basis for calculating the fatigue life of 
structures (see annex D). 

(6) The self-weight of non-structural elements includes the weight of elements such as, for 
exmnple, noise and safety barriers, signals, ducts, cables and overhead line equipment 
(except the forces due to the tension of the contact wire etc.). 

(7) The design should pay special attention to temporary bridges because of the flexibility 
of SaIne types of ten1porary structures. The loading and requirements for the design of 
ten1porary bridges should be specified. 

NOTE The loading requirements for the design of temponu'y railway bridges, which may generally be based 
011 this document, may be specified in the National Annex or for the individual project. Special requirements 
may also be given in the National Annex or for the individual project for temporary bridges depending upon 
the conditions in which they are used speciaJ requirements are needed for skew bridges). 
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(1) General rules are given for the calculation of the associated dynamic effects, 
centrifugal forces, nosing force, traction and braking forces and aerodynaIllic actions 
due to passing rail traffic. 

(2) Actions due to railway operations are given for: 
- vertical loads: Load Models 71, SW (SW/O and SW/2), "unloaded train" and HSLM 

(6.3 and 6.4.6. L 1), 
vertical loading for earthworks (6.3.6.4), 
dynanuc effects (6.4), 
centrifugal forces (6.5.1), 
nosing force (6.5.2), 
traction and braking forces (6.5.3), 
aerodynamic actions fronl passing trains (6.6), 
actions due to overhead line equipment and other railway infrastructure and equiplnent 
(6.7.3). 

NOTE Guidance is given on the evaluation of the combined response of structure and track to variable 
actions (6.5.4). 

(3) Derailment actions for Accidental Design Situations are given for: 
the effect of rail traffic derailtnent on a structure carrying rail traffic (6.7.1). 

6.3 Vertical loads - Characteristic values (static effects) and eccentricity and 
distribution of loading 

6.3.1 General 

(l) RaiJ traffic actions are defined by means of load 1110dels. Five nlodels of raHway 
loading are given: 
- Load Model 71 (and Load Model SW/O for continuous bridges) to represent normal 

rail traffic on mainline railways, 
- Load Model SW 12 to represent heavy loads, 

Load Model HSLM to represent the loading from passenger trains at speeds exceeding 
200 kmlh, 
Load Model "unloaded train" to represent the effect of an unloaded train. 

NOTE Requirements for the application of load models are given in 6.8.1. 

(2) Provision is 111ade for varying the specified loading to allow for differences in the 
nature, volume and maxiInum weight of rail traffic on different railways, as well as 
different qualities of track. 

6.3.2 Load Model 71 

(1) Load Model 71 represents the static effect of vertical loading due to nornlal rail traffic. 

(2)P The load arrangement and the characteristic values for velticalloads shall be taken as 
shown in Figure 6.1. 

67 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

Q vk=250kN 250kN 250kN 250kN 

q vk == 80kN/m 1 1 1 1 q vk =80kN/m 

fII r 1111111 _! II r r r r I r If 
(1) ~ 1,6m 4. 1,6m ~ 1,6m ~ (1) 

Key 
(1) No limitation 

Figure 6.1 - Load Model 71 and characteristic values for vertical loads 

(3)P The characteristic values given in Figure 6.1 shall be multiplied by a factor a, on lines 
carrying rail traffic which is heavier or lighter than normal rail traffic. When multiplied by 
the factor a the loads are called "classified vertical loads" . This factor a shall be one of the 
following: 

0,75 - 0,83 - 0,91 - 1,00 - 1,10 - 1,2] 1,33 - 1.46 

The actions listed below shaH be multiplied by the same factor a: 
- equivalent vertical loading for earthworks and earth pressure effects according to 

6.3.6.4, 
- centrifugal forces according to 6.5.1, 
- nosing force according to 6.5.2 (multiplied by a for a ~ 1 only), 
- traction and braking forces according to 6.5.3, 
- con1bined response of structure and track to variable actions according to 6.5.4, 

derailment actions for Accidental Design Situations according to 6.7.1(2), 
- Load Model SW /0 for continuous span bridges according to 6.3.3 and 6.8.1 (8). 

NOTE For international lines it is recommended to take a 2:': 1,00. The factor a may be specified in the 
National Annex or for the individual project. 

(4)P For checking limits of deflection classified vertical loads and other actions enhanced 
by a in accordance with 6.3.2(3) shall be used (except for passenger comfort where a 
shall be taken as unity). 

6.3.3 Load Models SW /0 and SW /2 

(1) Load Model SW 10 represents the static effect of vertical loading due to normal rail 
traffic on continuous beams. 

(2) Load Model SW/2 represents the static effect of veltical loading due to heavy rail 
traffic. 

(3)P The load arrangement shall be taken as shown in Figure 6.2, with the characteristic 
values of the velticalloads according to Table 6.1. 
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r 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
a c a 

Figure 6.2 - Load Models SW /0 and SW /2 

Table 6.1 • Characteristic values for vertical loads for Load Models SW /0 and 
SW/2 

Load qvk a c 
Mode] [kN/m] [ITl] [m] 
SWIO 133 15,0 5,3 
SW/2 150 25,0 7,0 

(4)P The lines or section of line over which heavy rail traffic may operate where Load 
Model SW/2 shalI be taken into account shall be designated. 

NOTE The designation may be made in the National Annex or for the individual project. 

(5)P Load Model SWIO shall be multiplied by the factor a in accordance with 6.3.2(3). 

6.3.4 Load Model "unloaded train" 

(1) For some specific verifications (see EN 1990 A2, § 2.2.4(2)) a particular load tnodel is 
used, called "unloaded train". The Load Model "unloaded train" consists of a vertical 
uniformly distributed load with a characteristic value of 10,0 kN/m. 

6.3.5 Eccentricity of vertical loads (Load Models 71 and SW 10) 

(I)P The effect of lateral displacement of vertical loads shall be considered by taking the 
ratio of wheel loads on all axles as up to 1,25: 1,00 on anyone track. The resulting 
eccentricitye is shown in Figure 6.3. 

Eccentricity of vertical loads may be neglected when considering fatigue. 

NOTE Requirements for taking into account the position and tolerance in position of tracks are given in 
6.8.1. 
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Key 
(1) Uniformly distributed load and point loads on each rail as appropriate 
(2) LM 71 (and SW/O where required) 
0) Transverse distance between wheel loads 
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Figure 6.3 - Eccentricity of vertical loads 

6.3.6 Distribution of axle loads by the rails, sleepers and ballast 

(1 ) 

(2) 

1,25 

..L-
18 

(3) 

(1) Subclauses 6.3.6.1 to 6.3.6.3 are applicable to Real Trains, Fatigue Trains, Load 
Models 71, SW 10, SW 12, the "unloaded train" and HSLM except where stated otherwise. 

6.3.6.1 Longitudinal distribution of a point force or wheel load by the rail 

(l) A point force in Load Model 71 (or classified vertical load in accordance with 6.3.2(3) 
where required) and HSLM (except for HSLM-B) or wheel load may be distributed over 
three rail support points as shown in Figure 6.4 below: 

Key 

8 

~ 

°Vi/2 

°Vi/4 , ~ , °vi/4 

8 8 8 8 

is the point force on each rail due to Load Model 71 or a wheel load of a Real Train in accordance 
with 6.3.5, Fatigue Train or HSLM (except for HSLM-B) 

a is the distance between rail support points 

Figure 6.4 - Longitudinal distribution of a point force or wheel load by the rail 
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(1) Generally the point loads of Load Model 71 only (or classified vertical load in 
accordance with 6.3.2(3) where required) or an axle load may be distributed unifonnly in 
the longitudinal direction (except where local load effects are significant, e.g. for the 
design of local floor elements, etc.). 

(2) For the design of local floor elements etc. (e.g. longitudinal and transverse ribs, rail 
bearers, cross girders, deck plates, thin concrete slabs, etc.), the longitudinal distribution 
beneath sleepers as shown in Figure 6.5 should be taken into account, where the reference 
plane is defined as the upper surface of the deck. 

Key 
(1) Load on sleeper 

Reference plane 

:;j \ 
V ~ (2) 

Figure 6.5 - Longitudinal distribution of load by a sleeper and ballast 

6.3.6.3 Transverse distribution of actions by the sleepers and ballast 

(1) On bridges with ballasted track without cant, the actions should be distributed 
transversely as shown in Figure 6.6. 
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Key 
(I) Reference plane 

Figure 6.6 - Transverse distribution of actions by the sleepers and ballast, track 
without cant (effect of eccentricity of vertical loads not shown) 

(2) On bridges with ballasted track (without cant) and full length sleepers, where the 
ballast is only consolidated under the rails, or for duo-block sleepers, the actions should be 
distributed transversely as shown in Figure 6.7. 

Key 
(1) Running surface 
(2) Reference plane 

(1) 

(2) 

htffftfftf 08 

Figure 6.7 - Transverse distribution of actions by the sleepers and ballast, track 
without cant (effect of eccentricity of vertical loads not shown) 

(3) On bridges with ballasted track with cant the actions should be distributed transversely 
as shown in Figure 6.8. 
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(1 ) 

Figure 6.8 - Transverse distribution of actions by the sleepers and ballast, track 
with cant (effect of eccentricity of vertical loads not shown) 

(4) On bridges with ballasted track and cant and for full length sleepers, where the ballast 
is only consolidated under the rails, or for duo-block sleepers, Figure 6.8 should be 
modified to take into account the transverse load distribution under each rail shown in 
Figure 6.7. 

(5) The transverse distribution to be used should be specified. 

NOTE The individual project may specify the transverse distribution to be used. 

6.3.6.4 Equivalent vertical loading for earthworks and earth pressure effects 

(1) For globaJ effects, the equivalent characteristic vertical loading due to rail traffic 
actions for earthworks under or adjacent to the track may be taken as the appropriate load 
model (LM71 (or classified vertical load in accordance with 6.3.2(3) where required) and 
SW/2 where required) unifornlly distributed over a width of 3,00 m at a level 0,70 m 
below the running surface of the track. 

(2) No dynamic factor or enhancement needs to be applied to the above uniformly 
distributed load. 

(3) For the design of local elelnents close to a track (e.g. ballast retention walls), a special 
calculation should be carried out taking into account the maximum local vertical, 
longitudinal and transverse loading on the elelnent due to rail traffic actions. 
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6.3.7 Actions for non-public footpaths 

NOTE The individual project may specify alternative requirements for non-public footpaths, 
maintenance walkways or platforms etc. 

(1) Non-pubJic footpaths are those designated for use by only authorised persons. 

(2) Pedestrian, cycle and general maintenance loads should be represented by a uniformly 
distributed load with a characteristic value qfk = 5 kN/m2• 

(3) For the design of local elenlents a concentrated load Qk = 2,0 kN acting alone should 
be taken into account and applied on a square surface with a 200 mm side. 

(4) Horizontal forces on parapets, partition walls and barriers due to persons should be 
taken as category Band Cl of EN 1991-1-1. 

6.4 Dynamic effects (including resonance) 

6.4.1 Introduction 

(1) The static stresses and deformations (and associated bridge deck acceleration) 
induced in a bridge are increased and decreased under the effects of moving traffic by 
the following: 

the rapid rate of loading due to the speed of traffic crossing the structure and the 
inertial response (impact) of the structure, 
the passage of successive loads with approxiInately uniform spacing which can 
excite the structure and under certain circulnstances create resonance (where the 
frequency of excitation (or a multiple there of) matches a natural frequency of the 
structure (or a multiple there of), there is a possibility that the vibrations caused by 
successive axles running onto the structure will be excessive), 

- variations in wheel loads resulting from track or vehicle imperfections (including 
wheel irregularities. 

(2)P For determining the effects (stresses, deflections, bridge deck acceleration etc.) of 
rail traffic actions the above effects shall be taken into account. 

6.4.2 Factors influencing dynamic behaviour 

(1) The principal factors which influence dynamic behaviour are: 
i) the speed of traffic across the bridge, 
ii) the span L of the element and the influence line length for deflection of the 

elenlent being considered, 
iii) the mass of the structure, 
iv) the natural frequencies of the whole structure and relevant elements of the 

structure and the associated mode shapes (eigenforms) along the line of the track, 
v) the nUinber of axles, axle loads and the spacing of axles, 
vi) the daInping of the structure, 
vii) vertical irregularities in the track, 
viii) the unsprung/sprung mass and suspension characteristics of the vehicle, 
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ix) the presence of regularly spaced supports of the deck slab and/or track (cross 
girders, sleepers etc.), 

x) vehicle imperfections (wheel fJats, out of round wheels, suspension defects etc.), 
xi) the dynamic characteristics of the track (ballast, sleepers, track components etc.). 

These factors are taken into account in 6.4.4 to 6.4.6. 

NOTE There are no specific del1ection limits specified for avoiding resonance and excessive vibralion 
effects. See EN 1990 A2 for dellection criteria for lraffic safety and passenger comfort etc. 

6.4.3 General design rules 

(l)P A static analysis shall be carried out with the load models defined in 6.3 (LM7l 
and where required Load Models SW/O and SW/2). The results shall be nlultiplied by 
the dynalTIic factor cj) defined in 6.4.5 (and if required lTIultiplied by a in accordance 
with 6.3.2). 

(2) The criteria for deternlining whether a dynamic analysis is required are given in 
6.4.4. 

(3)P Where a dynanlic analysis is required: 
the additional load cases for the dynanlic analysis shall be in accordance with 
6.4.6.1.2. 

- maximum peak deck acceleration shall be checked in accordance with 6.4.6.5. 
- the results of the dynalnic analysis shall be compal'ed with the results of the static 

analysis multiplied by the dynmnic factor cj) in 6.4.5 (and if required ITIultiplied by a 
in accordance with 6.3.2). The most unfavourable values of the load effects shall be 
used for the bridge design in accordance with 6.4.6.5. 
a check shall be carried out according to 6.4.6.6 to ensure that the additional fatigue 
loading at high speeds and at resonance is covered by consideration of the stresses 
derived from the results of the static analysis multiplied by the dynalTIic factor cj). 

(4) All bridges where the Maximum Line Speed at the Site is greater than 200 klnlh or 
where a dynanlic analysis is required should be designed for characteristic values of 
Load Model 71 (and where required Load Model SW/O) or classified vertical loads with 
a 2 1 in accordance with 6.3.2. 

(5) passenger trains the allowances for dynanlic effects in 6.4.4 to 6.4.6 are valid for 
MaxiITIUm Permitted Vehicle Speeds up to 350 knllh. 

6.4.4 Requirement for a static or dynamic analysis 

(l) The requirenlents for determining whether a static or a dynamic analysis is required 
are shown in Figure 6.9. 

NOTE The National Annex may specify alternative requirements. The use of the tlow chart in Figure 6.9 
is recommended. 
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For the dynamic 
analysis use the 
eigenforms for 
torsion and for 

bending 

Eigenforms 
for bending 

sufficient 

Dynamic analysis required 
Calculate bridge deck 

acceleration and <p'dyn etc. in 
accordance with 6.4.6 (note 4) 

yes 

no 

yes 

no 

yes 

Use Tables F1 and F2 
(2) 

Dynamic analysis not 
required. 

At resonance acceleration 
check and fatigue check not 

required. 
Use tP with static analysis in 

accordance 

Figure 6.9 - Flow chart for determining whether a dynamic analysis is required 
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where: 
V 
L 
110 

is the Maximum Line Speed at the Site [kn1lh] 
is the span length [m] 
is the first natural bending frequency of the bridge loaded by pennanent 
actions [Hz] 
is the first natural torsional frequency of the bridge loaded by permanent 
actions [Hz] 
is the Maximum Nominal Speed [m/s] 
is given in annex F 

NOTE J Valid for simply supported bridges with only longitudinal line beam or simple plate behaviour 
with negligible skew effects on rigid supports. 

NOTE 2 For Tables F 1 and F2 and associated limits of validity see annex F. 

NOTE 3 A dynamic analysis is required where the Frequent Operating Speed of a Real Train equals a 
Resonant Speed of the structure. See 6.4.6.6 and annex F. 

NOTE 4 (fJdyn is the dynamic impact component for Real Trains for the structure given in 6.4.6.5(3). 

NOTE 5 Valid providing the bridge meets the requirements for resistance, deformation limits given in 
EN 1990 A2.4.4 and the maximum coach body acceleration (or associated deflection limits) 
corresponding to a very good standard of passenger comfort given in EN t 990 A2. 

NOTE 6 For bridges with a first natural frequency no within the limits given by Figure 6.10 and a 
Maximum Line Speed at the Site not exceeding 200km/h, a dynamic analysis is not required. 

NOTE 7 For bridges with a first natural frequency no exceeding the upper limit (l) in Figure 6.10 a 
dynamic analysis is required. Also see 6.4.6.1.1(7). 

The upper limit of 110 is governed by dynamic 
enhancements due to track irregularities and is 
given by : 
110 = 94,76Lo.748 (6.1 ) 

The lower limit of Jlo is governed by dynamic 
impact criteria and is given by : 

flO 80lL 
for 4m::; L::; 20m 

no 23,58L-o,592 

for 20m < L::; 100m (6.2) 

where: 

110 is the first natural frequency of the bridge 
taking account of mass due to permanent 
actions, 
L is the span length for simply supported 
bridges or Let> for other bridge types. 
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Figure 6.10 - Limits of bridge natural frequency no [Hz] as a function of L [m] 
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NOTE 8 For a simply supported bridge subjected to bending only, the natural frequency may be 
estimated Llsing the formula: 

17.75 (61) 1101Hz] .. 

where: 

4) is the deflection at mid span due to permanent actions [mm] and is calculated, using a short term 
modulus for concrete bridges, in accordance with a loading period appropriate to the natural 
frequency of the bridge. 

6.4.5 Dynanlic factor (/) (t/Jz., f/J:,) 

6.4.5.1 Field of application 

(1) The dynamic factor (j) takes account of the dynamic magnification of stresses and 
vibration effects in the structure but does not take account of resonance effects. 

(2)P Where the criteria specified in 6.4.4 are not satisfied there is a risk that resonance 
or excessive vibration of the bridge may occur (with a possibility of excessive deck 
accelerations leading to ballast instability etc. and excessive deflections and stresses 
etc.). For such cases a dynamic analysis shall be carried out to calculate impact and 
resonance effects. 

NOTE Quasi static methods which use static load effects multiplied by the dynamic factor (I> defined in 
6.4.5 are unable to predict resonance effects from high speed trains. Dynamic analysis techniques, which 
take into account the time dependant nature of the loading from the High Speed Load Model (HSLM) and 
Real Trains (e.g. by solving equations of motion) are required for predicting dynamic effects at 
resonance. 

(3) Structures carrying more than one track should be considered without any reduction 
of dynan1ic factor (j). 

6.4.5.2 Definition of the dynalnic factor (/) 

(l)P The dynamic factor (/) which enhances the static load effects under Load Models 71, 
SW /0 and SW /2 shall be taken as either (/)2 or c[J3. 

(2) Generally the dynamic factor (/) is taken as either (/)2 or ctJ:, according to the quality of 
track maintenance as follows: 

(a) For carefully maintained track: 

<P2 = 1,44 + 0,82 
0,2 

with: 1,00 s ~ S 1,67 

(b) For track with standard maintenance: 

2,16 +0,73 
0,2 
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LeI) HDetenninant" length (length associated with r/J) defined in Table 6.2 [m]. 

NOTE The dynamic factors were established for simply supported girders. The length LJ) allows these 
factors to be used for other structural members with different support conditions. 

(3)P If no dynamic factor is specified ~ shall be used. 

NOTE The dynamic factor to be used may be specified in the National Annex or for the individual 
project. 

(4)P The dynamic factor r/Jshall not be used with: 
the loading due to Real Trains, 
the loading due to Fatigue Trains (annex D), 

- Load Model HSLM (6.4.6.1.1(2)), 
the load n10del "unloaded train" (6.3.4). 

6.4.5.3 Detenninant length Lcp 

(1) The determinant lengths Lcp to be used are given in the Table 6.2 below. 

NOTE Alternative values of Lt:J> may be specified in the National Annex. The values given in Table 6.2 
are recommended. 

(2) Where no value of L e[) is specified in Table 6.2 the determinant length should be 
taken as the length of the influence line for deflection of the elen1ent being considered 
or alternative values should be specified. 

NOTE The individual project may specify alternative values. 

(3) If the resultant stress in a structuralmen1ber depends on several effects, each of which 
relates to a separate structural behaviour, then each effect should be calculated using the 
appropriate determinant length. 
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Table 6.2 - Deternlinant lengths L(p 

Case Structural element Determinant length L(p 
Steel deck plate: closed deck with ballast bed (orthotropic deck plate) (for local and 
transverse stresses) 

Deck with cross girders and 
continuous longitudinal ribs: 

1.1 Deck plate (for both directions) 3 times cross girder spacing 

1.2 Continuous longitudinal ribs 3 times cross girder spacing 
(including small cantilevers up to 
O,50mt 

1.3 Cross girders Twice the length of the cross girder 

1.4 End cross girders 3,6m b 

2.1 

2.2 

Deck plate with cross girders 
only: 

Deck plate (for both directions) 

Cross girders 

Twice cross girder spacing + 3 m 

Twice cross girder spacing + 3 ill 

2.3 End cross girders 3,6m b 

Steel grillage: open deck without ballast bed b (for local and transverse stresses) 
3.1 Rail bearers: 

3.2 

3.3 

- as an element of a continuous 
grillage 

- simply supported 

Cantilever of rail bearer a 

Cross girders (as part of cross 
girder/ continuous rail bearer 
grillage) 

3 times cross girder spacing 

Cross girder spacing + 3 m 

3,6m 

Twice the length of the cross girder 

3.4 End cross girders 3,6m b 

a In general all cantilevers greater than 0,50 m supporting rail traffic actions need a special study in 
accordance with 6.4.6 and with the loading agreed with the relevant authority specified in the National Annex. 
b It is recommended to apply (/J3 
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Table 6.2 (continued) 

Case Structural element Determinant length L(J) 
Concrete deck slab with ballast bed (for local and transverse stresses) 

4.1 Deck slab as part of box girder or 
upper flange of main bealn 

spanning transversely to the main 3 times span of deck plate 
girders 

- spanning in the longitudinal 3 tin1es span of deck plate 
direction 

- cross girders Twice the length of the cross girder 

- transverse cantilevers supporting 
railway loading 

- r 
f + 

1 

Do~<l 

--~ B 
~ --

- e ~ 0,5 n1: 3 
the webs 

the distance between 

- e > 0,5 m: a 

Figure 6.11 Transverse cantilever 
supporting railway loading 

4.2 Deck slab continuous (in main 
girder direction) over cross girders 

Twice the cross girder spacing 

4.3 Deck slab for half through and 
trough bridges: 
- spanning perpendicular to the Twice span of deck slab + 3n1 

main girders 
- spanning in the longitudinal Twice span of deck slab 

direction 

4.4 Deck slabs spanning transversely 
between longitudinal steel bean1s in 
filler beam decks 

Twice the determinant length in the 
longitudinal direction 

4.5 

4.6 

Longitudinal cantilevers of deck 
slab 

End cross girders or trimmer beams 

- e ~ 0,5 m: 3,6m b 

e > 0,5 m: a 

36m b , 

a In general all cantilevers greater than 0,50 m supporting rail traffic actions need a special study in accordance 
with 6.4.6 and with the loading agreed with the relevant authority specified in the National Annex. 
b It is recommended to apply (/)3 

NOTE For Cases 1.1 to 4.6 inclusive L<!J is subject to a maximum of the determinant length of the main girders. 
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Case 
Main girders 

Table 6.2 (continued) 

Structural element 

5.1 Simply supported girders and slabs 
(including steel bealTIs embedded in 
concrete) 

Girders and slabs continuous over n spans 
with 

Determinant length LCD 

Span in nlain girder direction 

L<t> = k x Lnh (6.7) 
but not less than max Li (i 1, ... , n) 

L111 = lin (L I + + .. + Ln ) (6.6) n = 2 3 4 ~5 

5.3 Portal franles and closed frames or boxes: 

5.4 

5.5 

5.6 

- single-span 

- nlulti-span 

Single arch, archrib, stiffened girders of 
bowstrings 

Series of arches with solid spandrels 
retaining fill 

Suspension bars (in conjunction with 
stiffening girders) 

Structural supports 

k 1,2 1,3 1,4 1,5 

Consider as three-span continuous beam 
(use 5.2, with vertical and horizontal 
lengths of members of the fralne or box) 

Consider as mUlti-span continuous beam 
(use 5.2, with lengths of end vertical 
menlbers and horizontal menlbers) 

Half span 

Twice the clear opening 

4 times the longitudinal spacing of the 
suspension bars 

6 Columns, trestles, bearings, uplift Deternlinant length of the supported 
bearings, tension anchors and for the members 
calculation of contact pressures under 
bearings. 

6.4.5.4 Reduced dynalnic effects 

(1) In the case of arch bridges and concrete bridges of all types with a cover of more than 
1,00 m, ~ and ~ may be reduced as follows: 

(6.8) 

where: 
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h is the height of cover including the ballast from the top of the deck to the top of the 
sleeper, (for arch bridges, from the crown of the extrados) [m]. 

(2) The effects of rail traffic actions on columns with a slenderness (buckling length/radius 
of gyration) < 30, abuttnents, foundations, retaining walls and ground pressures may be 
calculated without taking into account dynamic effects. 

6.4.6 Requirements for a dynamic analysis 

6.4.6.1 Loading and load cOlnbinations 

6.4.6.1.1 Loading 

(t)P The dynamic analysis shall be undertaken using characteristic values of the loading 
from the Real Trains specified. The selection of Real Trains shall take into account each 
permitted or envisaged train formation for every type of high speed train permitted or 
envisaged to use the structure at speeds over 200kmlh. 

NOTE 1 The individual project may specify the characteristic axle loads and spaci ngs for each 
configuration of each required Real Train. 

NOTE 2 Also see 6.4.6.1.1(7) for loading where a dynamic analysis is required for a Maximum Line 
Speed at the Site less than 200km/h. 

(2)P The dynamic analysis shall also be undertaken using Load Model HSLM on 
bridges designed for international lines where European high speed interoperability 
criteria are applicable. 

NOTE The individual project may specify when Load Model HSLM is to be used. 

(3) Load Model HSLM comprises of two separate Universal Trains with variable coach 
lengths, HSLM-A and HSLM-B. 

NOTE HSLM-A and HSLM-B represent the dynamic load effects of articulated, conventional 
and high speed passenger trains in accordance with the requirements for the European Technical 
Specification for Interoperability given in E.1. 

(4) HSLM-A is defined in Figure 6.12 and Table 6.3: 
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NxD 

"""'-'-1114(~--.----r-~ I m 13b~ 1111 (sfll[73aJlr~fll[73iJII1 
00 0000 00 00 00 00 00 

II Ill! ~ Ji Ji 
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Key 
(I) Power car (leading and trailing power cars identical) 
(2) End coach (leading and trailing end coaches identical) 
(3) Intermediate coach 

Figure 6.12 - HSLM-A 

Table 6.3 - HSLM .. A 

Universal Nutnber of Coach length 
Train intermediate coaches D [m] 

N 

Al 18 18 
A2 17 19 
A3 16 20 
A4 15 2J 
AS 14 22 
A6 13 23 
A7 13 24 
A8 12 25 
A9 11 26 
AIO 11 27 

Bogie axle 
spacing 
d Em] 

2,0 

2,0 
3,0 
2,0 
2,0 
2,0 
2,5 
2,0 
2,0 

3,525 

Point force 
P [kN] 

170 
200 
180 
190 
170 
180 
190 
190 
210 
210 

(5) HSLM-B comprises of N number point forces of 170 kN at uniform spacing d [In] 
where Nand d are defined in Figures 6.13 and 6.14: 

N x 170kN 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l 
I .. d .. I .. d .. I .. d .. I .. d .1. d .. I .. d .1. d .1. d .1. d .1. d .1. d .1. d .1. d .1. d .1. d .1 

Figure 6.13 - HSLM-B 
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Figure 6.14 - HSLM-B 

where L is the span length [nl]. 

(6) Either HSLM-A or HSLM-B should be applied in accordance with the requirements 
of Table 6.4: 

Table 6.4 - Application of HSLM-A and HSLM-B 

Structural configuration 

Silnply supported spana 

Continuous structurea 

or 

COlnplex structuree 

L<7m 

HSLM-Bb 

HSLM-A 
Trains Al to AIO 
inclusived 

Span 

L~7m 

HSLM-AC 

HSLM-A 
Trains A1 to AIO inclusived 

a Valid for bridges with only longitudinal line beam or simple plate behaviour with negligihle skew effects 
on supports. 
b For simply supported spans with a span of up to 7 m a single critical Universal Train from HSLM-B 
may be used for the analysis in accordance with 6.4.6. 1.1 (5). 

For simply supported spans with a span of 7 m or greater a single critical Universal Train from HSLM-A 
may be used for the dynamic analysis in accordance with annex E (Alternatively Universal trains A I to 
AlO inclusive may be used). 
d All Trains Al to AIO inclusive should be used in the design. 
e Any structure that does not comply with Note a above. For example a skew structure, bridge with 
significant torsional behaviour, half through structure with significant floor and main girder vibration 
modes etc. In addition, for complex structures with significant noor vibration modes (e.g. half through or 
through bridges with shallow floors) HSLM-B should also be applied. 

NOTE The National Annex or the individual project may specify additional requirements relating to the 
application of HSLM-A and HSLM-B to continuous and complex structures. 
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(7) Where the frequency limits of Figure 6.10 are not satisfied and the Maximum Line 
Speed at the Site is :::; 200 kmfh a dynalnic analysis should be carried out. The analysis 
should take into account the behaviours identified in 6.4.2 and consider: 

Train Types 1 to 12 given in annex D, 
Real Trains specified. 

NOTE The loading and methodology for the analysis may be specified for the individual project and 
should be agreed with the relevant authority specified in the National Annex. 

6.4.6.1.2 Load con1binations and partial factors 

(1) For the dynamic analysis the calculation of the value of mass associated with self 
weight and ren10vable loads (ballast etc.) should use nominal values of density. 

(2)P For the dynarnic analysis loads according to 6.4.6.1.1 (1) and (2) and where 
required 6.4.6.1.1 (7) shall be used. 

(3) For the dynan1ic analysis of the structure only, one track (the most adverse) on the 
structure should be loaded in accordance with Table 6.5. 

Table 6.5 - Summary of additional load cases 
depending upon number of tracks on bridge 

N ulnber of tracks on a Loaded Loading for dynalnic analysis 
bridge track 

1 one Each Real Train and Load Model 
HSLM (if required) travelling in the 
permitted direction( s) of travel. 

2 (Trains norn1ally either Each Real Train and Load Model 
travelling in opposite track HSLM (if required) travelling in the 
directions) a permitted direction(s) of travel. 

other None. 
track 

a For bridges carrying 2 tracks with trains normally travelling in the same directions or carrying 
:1 or more tracks with a Maximum Line Speed at the Site exceeding 200km/h the loading should 
be agreed with the relevant authority specified in the National Annex. 

(4) Where the load effects from a dynamic analysis exceed the effects from Load Model 
71 (and Load Model SWIO for continuous structures) in accordance with 6.4.6.5(3) on a 
track the load effects fron1 a dynamic analysis should be cOlnbined with: 
- the load effects froln horizontal forces on the track subject to the loading in the 

dynamic analysis, 
- the load effects from vertical and horizontal loading on the other track(s), in 

accordance with the requirements of 6.8.1 and Table 6.11. 
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(5)P Where the load effects from a dynanlic analysis exceed the effects from Load 
Model 71 (and Load Model SW 10 for continuous structures) in accordance with 
6.4.6.5(3) the dynamic rail loading effects (bending mom.ents, shears, deformations etc. 
excluding acceleration) determined from the dynamic analysis shall be enhanced by the 
partial factors given in A2 of EN 1990. 

(6)P Partial factors shall not be applied to the loading given in 6.4.6.1.l when 
detennining bridge deck accelerations. The calculated values of acceleration shall be 
directly compared with the design values in 6.4.6.5. 

(7) For fatigue, a bridge should be designed for the additional fatigue effects at 
resonance fronl the loading in accordance with 6.4.6.1.1 on anyone track. See 6.4.6.6. 

6.4.6.2 Speeds to be considered 

(l)P For each Real Train and Load Model HSLM a series of speeds up to the l\1axilnuln 
Design Speed shall be considered. The Maximum Design Speed shall be generally 1,2 x 

Maximun1 Line Speed at the site. 

The Maximunl Line Speed at the site shall be specified. 

NOTE I The individual project may specify the Maximum Line Speed at the site. 

NOTE 2 Where specified for the individual project a reduced speed may be used for checking individual 
Real Trains for 1,2 x their associated Maximum Permitted Vehicle Speed. 

NOTE 3 It is recommended that the individual project specify an increased Maximum Line Speed at the 
Site to take into account potential modifications to the infrastructure and future rolling slock. 

NOTE 4 Structures can exhibit a highly peaked response due to resonance effects. Where there is a 
likelihood of train overspeeding and exceeding either the Maximum Permitted Vehicle Speed or the 
current or envisaged Maximum Line Speed at the Site it is recommended that the individual project 
specify an additional factor for increasing the Maximum Design Speed to be used in the dynamic 
analysis. 

NOTE 5 It is recommended that the individual project specify additional requirements for checking 
structures where there is a requirement for a section of line to be suitable for commissioning tests of a 
Real Train. The Maximum Design Speed used for the Real Train should be at least 1,2 x Maximum Train 
Commissioning Speed. Calculations are required to demonstrate that safety considerations (maximum 
deck accelerations, maximum load effects, etc. ) are satisfactory for structures at speeds in excess of 200 
km/h. Fatigue and passenger comfort criteria need not be checked at 1,2 x Maximum Train 
Commissioning Speeds. 

(2) Calculations should be luade for a series of speeds from 40m/s up to the Maximum 
Design Speed defined by 6.4.6.2(1). Snlaller speed steps should be made in the vicinity 
of Resonant Speeds. 

For simply supported bridges that nlay be modelled as a line beanl the Resonant Speeds 
nlay be estimated using Equation 6.9. 

(6.9) 
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and 

40 mls ~ Vi ~Maximum Design Speed, 

where: 

is the Resonant Speed [In/sec] 
is the first natural frequency of the unloaded structure, 

(6.10) 

is the principal wavelength of frequency of excitation and Inay be estimated by: 
d 

d is the regular spacing of groups of axles 
= ], 2, 3 or 4. 

6.4.6.3 Bridge paralneters 

6.4.6.3.1 Structural darnping 

(6.11) 

(1) The peak response of a structure at traffic speeds corresponding to resonant loading 
is highly dependent upon damping. 

(2)P Only lower bound estimates of damping shall be used. 

(3) The following values of damping should be used in the dynamic analysis: 

Table 6.6 - Values of damping to be assumed for design purposes 

;Lower limit of percentage of critical damping [%] I 

Bridge Type Span L < 20m I Span L ~ 20m I 
Steel and composite ; 0,5 + 0,125 (20 - L) I ;=0,5 

I 

Prestressed concrete ;= 1,0 + 0,07 (20 - L) I ;= 1,0 
Filler beam and reinforced 1,5 + 0,07 (20 - L) 

! 

1,5 
concrete 

NOTE Alternative safe lower bound values may be used subject to the agreement of the relevant 
authority specified in the National Annex. 

6.4.6.3.2 Mass of the bridge 

(1) Maximum dynamic load effects are likely to occur at resonant peaks when a 
multiple of the frequency of loading and a natural frequency of the structure coincide 
and any underestilnation of mass will overestin1ate the natural frequency of the structure 
and overestimate the traffic speeds at which resonance occurs. 

At resonance the maxilnunl acceleration of a structure is inversely proportional to the 
mass of the structure. 

(2)P Two specific cases for the mass of the structure including ballast and track shall be 
considered: 
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a lower bound estimate of mass to predict maximun1 deck accelerations using the 
n1inimunl likely dry clean density and miniITIUm thickness of ballast, 
an upper bound estimate of lnass to predict the lowest speeds at which resonant 
effects are likely to occur using the maxirnum saturated density of dirty ballast with 
allowance for future track lifts. 

NOTE The minimum density of ballast may be taken as 1700kgl mJ
. Alternative values may be specified 

for the individual project. 

(3) In the absence of specific test data the values for the density of materials should be 
taken fro In EN 1991-1-1. 

NOTE Owing to the large number of parameters which can affect the density of concrete it is not 
possible to predict enhanced density values with sufficient accuracy for predicting the dynamic response 
of a bridge. Alternative density values may be used when the results are confirmed by trial mixes and the 
testing of samples taken from site in accordance with EN 1990, EN 1992 and ISO 6784 subject to the 
agreement of the relevant authority specified in the National Annex. 

6.4.6.3.3 Stiffness of the bridge 

(1) Maximum dynamic load effects are likely to occur at resonant peaks when a 
lnultiple of the frequency of loading and a natural frequency of the structure coincide. 
Any overestimation of bridge stiffness will overestilnate the natural frequency of the 
structure and speed at which resonance occurs. 

(2)P A lower bound estin1ate of the stiffness throughout the structure shaH be used. 

(3) The stiffness of the whole structure including the detern1ination of the stiffness 
elements of the structure may be determined in accordance with EN 1992 to EN 1994. 

Values of Young's modulus may be taken froln EN 1992 to EN 1994. 

For concrete compressive cylinder strength ick 50 N/mm1 (compressive cube strength 
j~k, cube ~ 60 N/mm2

) the value of static Young's modulus (Ecm) should be linlited to the 
value corresponding to a concrete of strength ofick = 50 N/mm2 (fck, cube = 60 Nlmln2). 

NOTE lOwing to the large number of parameters which can affect Ecm it is not possible to predict 
enhanced Young's modulus values vvith sufficient accuracy for predicting the dynamic response of a 
bridge. Enhanced ECI11 values may be used when the results are confirmed by trial mixes and the testing or 
samples taken from site in accordance with EN 1990, EN 1992 and ISO 6784 subject to the agreement of 
the relevant authority specified in the National Annex. 

NOTE 2 Other material properties may be used subject to the agreement of the relevant authority 
specified in the National Annex. 

6.4.6.4 Modelling the excitation and dynamic behaviour of the structure 

(1) The dynamic effects of a Real Train may be represented by a series of travelling 
point forces. Vehicle/structure mass interaction effects may be neglected. 

The anaJysis should take into account variations throughout the length of the train in 
axle forces and the variations in spacing of individual axles or groups of axles. 
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(2) Where appropriate the analysis technique should allow for the following dynamic 
behaviours of the structure: 
- for c0111plex structures the proximity of adjacent frequencies and associated mode 

shapes of oscillation, 
interaction between bending and torsional modes, 

- local deck elelnent behaviour (shallow 1100rs and cross girders of half-through type 
bridges or trusses etc.), 
the skew behaviour of slabs etc. 

(3) The representation of each axle by a single point force tends to overestimate 
dynamic effects for loaded lengths of less than 10m. In such cases, the load distribution 
effects of rails, sleepers and ballast 111ay be taken into account. 

Notwithstanding 6.3.6.2(1) individual axle loads should not be distributed unifornlly in 
the longitudinal direction for a dynamic analysis. 

(4) For spans less than 30 m dynmnic vehicle/bridge mass interaction effects tend to 
reduce the peak response at resonance. Account may be taken of these effects by: 
- carrying out a dynamic vehicle/structure interactive analysis, 

NOTE The method used should be agreed with the relevant authorilY specified in the National Annex. 

increasing the value of damping assumed for the structure according to Figure 6.15. 
For continuous beams, the snlal lest value ~(for all spans should be used. The total 
damping to be used is given by : 

(TOTAL = 
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Figure 6.15 - Additional damping ~([%] as a function of span length L [m] 

where: 

O,0187L-0,00064L2 0/£ 

1 0,0441L-0,0044L2 +0,000255L3 [ 0] 
(6.13) 
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t; is the lower limit of percentage of critical dan1ping [0/0] defined in 6.4.6.3.1. 

NOTE The National Annex may specify alternative values. 

(5) The increase in calculated dynmnic load effects (stresses, deflections. bridge deck 
accelerations, etc.) due to track defects and vehicle in1perfections 111ay be estimated by 
multiplying the calculated effects by a factor of: 
(1 + cp"12 ) for carefully maintained track, 
(1 + cpl!) for track with standard track Inaintenance, 

where: 

q;" is in accordance with annex C and should not be taken as less than zero. 

NOTE T'he National Annex may specify the factor to be used. 

(6) Where the bridge satisfies the upper limit in Figure 6.10 the factors that influence 
dynamic behaviours (vii) to (xi) identified in 6.4.2 may be considered to be allowed for 
in r:P, 0/'12 and 0/' given in 6.4 and annex C. 

6.4.6.5 Verificatio1ls of the linlit states 

(1)P To ensure traffic safety: 
- The verification of Inaximum peak deck acceleration shall be regarded as a traffic 

safety requirement checked at the serviceability limit state for the prevention of 
track instability. 
The dynamic enhancement of load effects shall be allowed for by Inultiplying the 
static loading by the dynamic factor (/j defined in 6.4.5. If a dynatnic analysis is 
necessary, the results of the dynamic analysis shall be compared with the results of 
the static analysis enhanced by (/J (and if required multiplied by a in accordance 
with 6.3.2) and the n10st unfavourable load effects shall be used for the bridge 
design. 
If a dynatnic analysis is necessary, a check shall be carried out according to 6.4.6.6 
to establish whether the additional fatigue loading at high speeds and at resonance is 
covered by consideration of the stresses due to load effects from (/J x LM71 (and if 
required (j) x Load Model SWIO for continuous structures and classified vertical load 
in accordance with 6.3.2(3) where required). The most adverse fatigue loading shall 
be used in the design. 

(2)P The Inaximum permitted peak design values of bridge deck acceleration calculated 
along the line of a track shall not exceed the recommended values given in A2 of EN 
1990 (see A2.4.4.2.]). 

(3) A dynatnic analysis (if required) should be used to determine the following dynamic 
enhancelnent : 

q;'dYIl = max IYdYI1 / 1- I (6.14) 

where: 
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~Yslat 
is the maxiJTIum dynamic response and ~ text deleted @il 
the corresponding nlaximUlTI static response at any particular point in the 
structural elelTIent due to a Real Train or Load Model HSLM. @il 

For the design of the bridge, taking into account all the effects of vertical traffic loads, 
the most unfavourable value of: 

(HSLMJ 
( 1 + qJ'",,, + qJ" /2 )x l ~~ (6.15) 

or 

(6.16) 

should be used where: 

HSLM is the load model for high speed lines defined in 6.4.6.1.1(2), 
LM71"+"SW/O is Load Model 71 and if relevant Load Model SW/O for continuous 

bridges (or classified vertical load in accordance with 6.3.2(3) where 
required). 

RT 
cp" 12 

is the loading due to all Real Trains defined in 6.4.6.1.1. 
is the increase in calculated dynamic load effects (stresses, deflections, 

bridge deck accelerations, etc.) resulting from track defects and 
vehicle imperfections in accordance with annex C for carefully 
maintained track ( '1/' to be used for track with standard maintenance). 

is the dynamic factor in accordance with 6.4.5. 

6.4.6.6 Additional verification for fatigue where dynalnic analysis is required 

(l)P The fatigue check of the structure shall allow for the stress range resulting fron1 
elements of the structure oscillating above and below the corresponding permanent load 
deflection due to: 

additional free vibrations set up by inlpact effects from axle loads travelling at high 
speed, 

~ the magnitude of dynamic live loading effects at resonance, 
the additional cycles of stress caused by the dynan1ic loading at resonance. 

(2)P Where the Frequent Operating Speed of a Real Train at a structure is near to a 
Resonant Speed the design shall allow for the additional fatigue loading due to 
resonance effects. 

NOTE The individual project may specify the fatigue loading, e.g. details, annual tonnage and mix of 
Real Trains and associated Frequent Operating Speeds at the site to be taken into account in the design. 

(3) Where the bridge is designed for Load Model HSLM in accordance with 6.4.6.1.1(2) 
the fatigue loading should be specified taking into account the best estimate of current 
and future traffic. 

NOTE The individual project may specify the fatigue loading e.g. details, annual tonnage and mix of 
Real Trains and associated Frequent Operating Speeds at the site to be taken into account in the design. 
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(4) For structures that satisfy annex F the Resonant Speed may be estin1ated using 
equations 6.9 and 6.10. 

(5) For the verification for fatigue a series of speeds up to a Maxin1um Nonlinal Speed 
should be considered. 

NOTE It is recommended that the individual project specify an increased Maximum Nominal Speed at 
the Site to take into account potential modifications to the infrastructure and future rolling stock. 

6.5 Horizontal forces - characteristic values 

6.5.1 Centrifugal forces 

(l)P Where the track on a bridge is curved over the whole or patt of the length of the 
bridge, the centrifugal force and the track cant shall be taken into account. 

(2) The centrifugal forces should be taken to act outwards in a horizontal direction at a 
height of 1,80m above the running surface (see Figure 1.1). For SaIne traffic types, e.g. 
double stacked containers, an increased value of ht should be specified. 

NOTE The National Annex or individual project may specify an increased value of ht• 

(3)P The centrifugal force shall always be con1bined with the vertical traffic load. The 
centrifugal force shall not be multiplied by the dynamic factor ~ or C/J:,. 

NOTE When considering the vertical effects of centrifugal loading, the vertical load effect of centrifugal 
loading less any reduction due to cant is enhanced by the relevant dynamic factor. 

(4)P The characteristic value of the centrifugal force shall be determined according to the 
following equations: 

V2 
Qrk gxr f x Qvk)=127r fXQvk) (6.17) 

where: 

Qtk, qtk 

Qvk, qvk 

f 
v 
V 
g 
r 

(6. J 8) 

Characteristic values of the centrifugal forces [kN, kN/m] 
Characteristic values of the vertical loads specified in 6.3 (excluding any 
enhancement for dynamic effects) for Load Models 71, SWIO, SW/2 and 
"unloaded train". For load model HSLM the characteristic value of 
centrifugal force should be determined using Load Model 71. 
Reduction factor (see below) 
Maximun1 speed in accordance with 6.5.1 (5) [mls] 
Maximum speed in accordance with 6.5.1(5) [kmlh] 
Acceleration due to gravity [9,81 mls2] 

Radius of curvature [m] 

In the case of a curve of varying radii, suitable mean values may be taken for the value r. 
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(5)P The calculations shall be based on the specified Maxinlunl Line Speed at the Site. In 
the case of Load Model SW 12 an alternative nlaxinlunl speed may be assunled. 

NOTE 1 The individual project may specify the requirements. 

NOTE 2 For SW/2 a maximum speed of 80km/h may be used. 

NOTE 3 It is recommended that the individual project specify an increased Maximum Line Speed at the 
Site to take into account potential modifications to the infrastructure and fUlure rolling stock. 

(6)P In addition, for bridges located in a curve, the case of the loading specified in 6.3.2 
and, if applicable, 6.3.3, shall also be considered without centrifugal force. 

(7) For Load Model 71 (and where required Load Model SW/O) and a Maximum Line 
Speed at the Site higher than 120 kmlh, the following cases should be considered: 

a) Load Model 71 (and where required Load Model SW/O) with its dynamic factor and 
the centrifugal force for V= 120 kln/h according to equations 6.17 and 6.18 with! = 1. 

b) Load Model 71 (and where required Load Model SW 10) with its dynamic factor and 
the centrifugal force according to equations 6.17 and 6.18 for the maximum speed V 
specified, with a value for the reduction factor! given by 6.5.1 (8). 

(8) For Load Model 71 (and where required Load Model SW/O) the reduction factor! is 
given by: 

(6.19) 

subject to a minilllUlll value of 0,35 where: 
Lr is the influence length of the loaded part of curved track on the bridge, which is 

most unfavourable for the design of the structural elenlent under consideration [m]. 
V is the maximum speed in accordance with 6.5.1 (5). 

! for either V::; 120 kmlh or Lr::; 2,88 m 

f < 1 for 120 kmlh < V ::; 300 kmlh 
(see Table 6.7 or Figure 6.16 or equation 6.19) 

=f(300) for V >300 kmlh. 

) 
) 
) 

and Lf > 2,88m 

For the load nl0dels SW 12 and "unloaded train" the value of the reduction factor f 
should be taken as 1,0. 
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Table 6.7 - Factor Jfor Load Model 71 and SW/O 

Maximum speed in accordance with 6.5.1(5) [km/h] 
~ 120 160 200 250 ~300 

1,00 1,00 1,00 1,00 1,00 
1,00 0,99 0,99 0,99 0,98 
1,00 0,96 0,93 0,90 0,88 
1,00 0,93 0,89 0,84 0,81 
1,00 0,92 0,86 0,80 0,75 
],00 0,90 0,83 0,77 0,71 
1,00 0,89 0,81 0,74 0,68 
1,00 0,88 0,80 0,72 0,65 
1,00 0,87 0,78 0,70 0,63 
1,00 0,86 0,76 0,67 0,59 
1,00 0,85 0,74 0,63 0,55 
1,00 0,83 0,71 0,60 0,50 
1,00 0,8] 0,68 0,55 0,45 
1,00 0,80 0,66 0,52 0,41 
1,00 0,79 0,65 0,50 0,39 
1,00 0,79 0,64 0,49 0,37 
1,00 0,78 0,63 0,48 0,36 
1,00 0,78 0,62 0,47 0,35 
1,00 0,78 0,62 0,47 0,35 
1,00 0,77 0,61 0,46 0,35 
1,00 0,76 0,60 0,44 0,35 

v:::: 120km/h 

-+--4 
-.......-. -- 160 

-.... 
----r--- 200 

~ h r-- 250 I 

E ~ ! 
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Figure 6.16 - Factor Jfor Load Model 71 and SW/O 
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(9) For LM71 and SW /0 centrifugal forces should be determined from equations 6.17 and 
6.] 8 using classified vertical loads (see 6.3.2(3)) in accordance with the load cases given in 
Table 6.8: 

Table 6.8 - Load Cases for centrifugal force corresponding to values of a and 
Maximum Line Speed at Site 

Value Maximum Line Centrifugal force based on : d Associated 
of a Speed at Site 

V I 
vertical traffic 

[km/h] a action based on: a 
[krnlh] 

a<l > 120 V 1 c I l C xIx ([Jxaxlx 
(LM71 "+"SW/O) (LM711!+"SW /0) 
for case 6.S.1(7)b 

120 a 1 axlx rPxaxlx 
(LM71"+"SW /0) (LM71 "+"SW/O) 
for case 6.S.1(7)a 

0 - - -

120 V a 1 axlx 
(LM71 "+"SW/O) 

0 - - -

a=l > 120 V 1 I lxIx ([Jxlxlx 
(LM71"+"SW/0) (LM71"+"SW/O) 
for case 6.S.1(7)b 

120 1 1 1 x 1 x ([Jxlxlx 
(LM71 "+"SW/O) (LM71"+"SW/0) 
for case 6.S.1(7)a 

0 - - -

::; 120 V 1 1 1 x 1 x 
(LM71 "+"SW/O) 

0 -

a>l > 120 b V 1 I 1 xIx ([Jxlx1x 
(LM71"+"SW/0) (LM71 "+"SW/O) 
for case 6.5.1 (7)b 

120 a 1 ax1x ([Jxaxlx 
(LM71 "+"SW/O) (LM71" +"SW /0) 
for case 6.S.1(7)a 

0 -

::; 120 V a 1 axlx 
(LM711+"SW/0) 

0 - -
a 0,5 X (LM71 "+"SW/O) instead of (LM71 "+"SW/O) where vertical traffic actions favourable. 
b Valid for heavy freight traffic limited to a maximum speed of 120 km/h. 
e a 1 to avoid double counting the reduction in mass of train withf 
d See 6.5.1 (3) regarding vertical effects of centrifugal loading. Vertical load effect of centrifugal loading less 
any reduction due to cant should be enhanced the relevant dynamic factor. When determining the vertical 
effect of centrifugal force, factorJto be included as shown above. 

where: 
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MaximUlll speed in accordance with 6.S.1(S) [knlih] 
Reduction factor in accordance with 6.S.1(8) 
Factor for classified vertical loads in accordance with 6.3.2(3). 
Load Model 71 and if relevant Load Model SW 10 for continuous 
bridges. 

(10) The criteria in 6.S.1(S) and 6.S.1(7) to 6.S.1(9) are not valid for heavy freight 
traffic with a Maximunl Permitted Vehicle Speed exceeding 120 km/h. For heavy 
freight traffic with a speed exceeding 120 knlih additional requirements should be 
specified. 

NOTE The individual project may specify lhe additional requirements. 

6.5.2 Nosing force 

(l)P The nosing force shall be taken as a concentrated force acting horizontally, at the top 
of the rails, perpendicular to the centre-line of track. It shall be applied on both straight 
track and curved track. 

(2)P The characteristic value of the nosing force shall be taken as Qsk = 100 kN. It shall not 
be multiplied by the factor ([J (see 6.4.S) or by the factorJin 6.S.1(4). 

(3) The characteristic value of the nosing force in 6.S.2(2) should be tllultiplied by the 
factor a in accordance with 6.3.2(3) for values of a ~ 1. 

(4)P The nosing force shall always be combined with a vertical traffic load. 

6.5.3 Actions due to traction and braking 

(l)P Traction and braking forces act at the top of the rails in the longitudinal direction of 
the track. They shall be considered as uniformly distributed over the corresponding 
influence length La,b for traction and braking effects for the structural elelnent considered. 
The direction of the traction and braking forces shall take account of the pernlitted 
direction(s) of travel on each track. 

(2)P The characteristic values of traction and braking forces shall be taken as follows: 

Traction force: 

Braking force: 

Qlak = 33 [kN/m] La,b [nl] S 1000 [kN] 
for Load Models 71, 
SW/O, SW/2 and HSLM 

Qlbk = 20 [kN/nl] La,b [m] s 6000 [kN] 
for Load Models 71, 
SW/O and Load Model HSLM 

Qlbk = 3S [kN/U1] La,b [m] 
for Load Model SW /2 

(6.20) 

(6.21) 

(6.22) 

The characteristic values of traction and braking forces shall not be multiplied by the 
factor (/J (see 6.4.S.2) or by the factor J in 6.S.1 (6). 
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NOTE I For Load Models SW/O and SW/2 traction and braking forces need only to be applied to those 
parts of the structure which are loaded according to Figure 6.2 and Table 6.1. 

NOTE 2 Traction and braking may be neglected for the Load Model "unloaded train". 

(3) These characteristic values are applicable to all types of track construction, e.g. 
continuous welded rails or jointed rails, with or without expansion devices. 

(4) The above traction and braking forces for Load Models 71 and SWIO should be 
multiplied by the factor a in accordance with the requirements of 6.3.2(3). 

(5) For loaded lengths greater than 300m additional requirements for taking into account 
the effects of braking should be specified. 

NOTE The National Annex or individual project may specify the additional requirements. 

(6) For lines carrying special traffic (e.g. restricted to high speed passenger traffic) the 
traction and braking forces may be taken as equal to 25% of the SUln of the axle-loads 
(Real Train) acting on the int1uence length of the action effect of the structural elen1ent 
considered, with a n1axilllum value of 1000 kN for Qlak and 6000 kN for Qlbk. The lines 
carrying special traffic and associated loading details may be specified. 

NOTE I The individual project may specify the requirements. 

NOTE 2 Where the individual project specifies reduced traction and braking loading in accordance with 
the above the specifIed loading should take into account other traffic permitted to use the line, e.g. trains 
for track mai ntenance etc. 

(7)P Traction and braking forces shall be combined with the corresponding vertical loads. 

(8) When the track is continuous at one or both ends of the bridge only a proportion of the 
traction or braking force is transferred through the deck to the bearings, the remainder of 
the force being translnitted through the track where it is resisted behind the abutments. The 
proportion of the force transferred through the deck to the bearings should be determined 
by taking into account the combined response of the structure and track in accordance with 
6.5.4. 

(9)P In the case of a bridge carrying two or more tracks the braking forces on one track 
shall be considered with the traction forces on one other track. 
Where two or n10re tracks have the same pernlitted direction of travel either traction 011 
two tracks or braking on two tracks shall be taken into account. 

NOTE For bridges carrying two or more tracks with the same permitted direction of travel the National 
Annex may specify alternative requirements for the application of traction and braking forces. 

6.5.4 Combined response of structure and track to variable actions 

6.5.4.1 General principles 

(1) Where the rails are continuous over discontinuities in the support to the track (e.g. 
between a bridge structure and an embankment) the structure of the bridge (bridge deck, 
bearings and substructure) and the track (rails, ballast etc.) jointly resist the longitudinal 
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actions due to traction or braking. Longitudinal actions are transmitted partly by the 
rails to the embankment behind the abutment and pal'll y by the bridge bearings and the 
substructure to the foundations. 

NOTE References to embankment throughout 6.5.4 may also be taken as references to the track 
formation or ground beneath the track on the approaches to the bridge whether the track is on an 
embankment, level ground or in a cutting. 

(2) Where continuous rails restrain the free movement of the bridge deck, deformations 
of the bridge deck (e.g. due to thermal variations, vertical loading, creep and shrinkage) 
produce longitudinal forces in the rails and in the fixed bridge bearings. 

(3)P The effects resulting froln the combined response of the structure and the track to 
variable actions shall be taken into account for the design of the bridge superstructure, 
fixed bearings, the substructure and for checking load effects in the rails. 

(4) The requirelnents of 6.5.4 are valid for conventional ballasted track. 

(5) The requirements for non-ballasted track should be specified. 

NOTE The requirements for non-bal1asted track may be specified in either the National Annex or for the 
individual project. 

6.5.4.2 Paralneters affecting the combined response of the structure and track 

(])P The following parameters influence the combined behaviour of the structure and 
track and shall be taken into account in the analysis: 

a) Configuration of the structure: 
simply supported bealn, continuous beams or a series of beanls, 

- nUlnber of individual decks and length of each deck, 
number of spans and length of each span, 

- position of fixed bearings, 
- position of the thermal fixed point, 

expansion length LT between the thermal fixed point and the end of the deck. 

r LT 

~ 

1 a ~ 

r LT 

~ 

2) a l5. ~ 

r LT 

9 r LT 
9 

1 Jb 1 2) l5. ~ 
Figure 6.17 - Examples of expansion length LT 
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b) Configuration of the track: 
ballasted track or non-ballasted track systen1s, 
vertical distance between the upper surface of the deck and the neutral axis of 
the rails, 
location of rail expansion devices. 

NOTE The individual project may specify requirements regarding the location of rail expansion devices 
taking into account requirements to ensure such devices are effective whilst ensuring that the rail 
expansion devices are not adversely atTected by bending effects in the rail due to the close proximity of 
the end of a bridge deck etc. 

c) Properties of the structure: 
vertical stiffness of the deck, 
vertical distance between the neutral axis of the deck and the upper surface of 
the deck, 
vertical distance between the neutral axis of the deck and the axis of rotation of 
the bearing, 
structural configuration at bearings generating longitudinal displacement of the 
end of the deck from angular rotation of the deck, 
longitudinal stiffness of the structure defined as the total stiffness which can be 
mobilised by the substructure against actions in the longitudinal direction of the 
tracks taking into account the stiffness of the bearings, substructure and 
foundations. 

For example the total longitudinal stiffness of a single pier is given by: 

K 
(5 +5 +5h ) 

p qJ 

for the case represented below as an example. 
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( 1) Bending of the pier 
(2) Rotation of the foundation 
(3) Displacement of the foundation 

Total displacement of the pier head 

Figure 6.18 - Example of the determination of equivalent 
longitudinal stiffness at bearings 

d) Properties of the track: 
- axi al stiffness of the rail, 
- resistance of the track or the rails against longitudinal displacement considering 

either: 
- resistance against displacelnent of the track (rails and sleepers) in the ballast 

relati ve to the underside of the ballast, or 
resistance against displacement of the rails from rail fastenings and supports 
e.g. with frozen ballast or with directly fastened rails, 

where the resistance against displacement is the force per unit length of the track 
that acts against the displacement as a function of the relative displacement 
between rail and the supporting deck or embankment. 

6.5.4.3 Actions to be considered 

(l)P The following actions shall be taken into account: 
- traction and braking forces as defined in 6.5.3. 

Thermal effects in the combined structure and track system. 
- Classified vertical traffic loads (including SW/O and SW/2 where required), 

Associated dynamic efIects may be neglected. 

NOTE The combined response of the structure and track to the "unloaded train" and load model HSLM 
may be neglected. 

- Other actions such as creep, shrinkage, temperature gradient etc. shall be taken into 
account for the detennination of rotation and associated longitudinal displacen1ent 
of the end of the decks where relevant. 
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(2) Temperature variations in the bridge should be taken as ~TN (see EN 1991-1-5), 
with r and 'If taken as 1,0. 

NOTE 1 The National Annex may specify alternative values of !1TN. The values given in EN 1991 1-5 
are recommended. 

NOTE 2 For simplified calculations a temperature variation of the superstructure of !1TN ± 35 
Kelvin may be taken into account. Other values may be specified in the National Annex or for the 
individual project. 

(3) When determining the cOlnbined response of track and structure to traction and 
braking forces, the traction and braking forces should not be applied on the adjacent 
embankment unless a cOlnplete analysis is carried out considering the approach, passage 
over and departure from the bridge of rail traffic on the adjacent embankments to 
evaluate the most adverse load effects. 

6.5.4.4 Modelling and calculation of the cOl1zbined track/structure systel1z 

(l) For the deter111ination of load effects in the combined track/structure system a model 
based upon Figure 6.19 may be used. 

(1 ) (2) (5) 

Key 
(I) Track 
(2) Superstructure (a single deck comprising two spans and a single deck with one span shown) 
(3) Emhankment 
(4) Rail expansion device (if present) 
(5) Longitudinal non-linear springs reproducing the longitudinal load/ displacement behaviour of the 

track 
(6) Longitudinal springs reproducing the longitudinal stiffness K of a fixed support to the deck taking 

into account the stiffness of the foundation, piers and hearings etc. 

Figure 6.19 - Example of a model of a track/structure system 

(2) The longitudinal load/ displacement behaviour of the track or rail supports 111ay be 
represented by the relationship shown in Figure 6.20 with an initial elastic shear 
resistance [kNhnm of displacement per ill of track] and then a plastic shear resistance k 
[kN/m of track]. 
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(I) Longitudinal shear force in the track per unit length 
(2) Displacement of the rail relative to the top of the supporting deck 
(3) Resistance of the rail in sleeper (loaded track) 

(frozen ballast or track without ballast with conventional fastenings) 
(4) Resistance of sleeper in ballast (loaded track) 
(5) Resistance of the rail in sleeper (unloaded track) 

(ti'ozen ballast or track without ballast with conventional fastenings) 
(6) Resistance of sleeper in bal1ast (unloaded track) 

u (2) 

Figure 6.20 - Variation of longitudinal shear force with longitudinal track 
displacenlellt for one track 

NOTE 1 The values of longitudinal resistance used for the analysis of rail/ballast/bridge stiffness may be 
given in the National Annex or agreed with the relevant authority specified in the National Annex. 

NOTE 2 The behaviour described in Figure 6.20 is valid in most cases (but not for embedded rai Is 
without conventional rail fastenings etc.). 

(3)P Where it can be reasonably foreseen that the track characteristics may change in 
the future, this shall be taken into account in the calculations in accordance with the 
specified requirements. 

NOTE The individual project may specify the requirements. 

(4)P the calculation of the total longitudinal support reaction and in order to 
compare the global equivalent rail stress with permissible values, the global ~effect 
shall be calculated@il as follows: 

(6.24) 

with: 

FJi the individual longitudinal support reaction corresponding to the action i, 
'f/Oi for the calculation of load effects in the superstructure, bearings and 

substluctures the combination factors defined in EN 1990 A2 shall be used, 
'f/Oi for the calculation of rail stresses, 'f/Oi shall be taken as 1,0. 
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(5) When determining the effect of each action the non-linear behaviour of the track 
stiffness shown in Figure 6.20 should be taken into account. 

(6) The longitudinal forces in the rails and bearings resulting from each action may be 
combined using linear superimposition. 

6.5.4.5 Design criteria 

NOTE Alternative requirements may be specified in the National Annex. 

6.5.4.5.1 Track 

(1) For rails on the bridge and on the adjacent abutnlent the permissible additional rail 
stresses due to the combined response of the structure and track to variable actions 
should be linlited to the following design values: 

Compression: 72 N/mm2, 
Tension: 92 N/mm2. 

(2) The lil11iting values for the rail stresses given in 6.5.4.5.1(1) are valid for track 
complying with: 

UIC 60 rail with a tensile strength of at least 900 N/mm2, 

straight track or track radius r ;;:: I 500 111, 

NOTE For ballasted tracks with additional lateral restraints to the track and for directly fastened 
tracks this minimum value of track radius may be reduced subject to the agreement of the relevant 
authority specified in the National Annex. 

for ballasted tracks with heavy concrete sleepers with a Inaxinlum spacing of 65 cm 
or equivalent track construction, 
for ballasted tracks with at least 30 cm consolidated ballast under the sleepers. 

When the above criteria are not satisfied special studies should be carried out or 
additional 111easures provided. 

NOTE For other track construction standards (in particular those that affect lateral resistance) and other 
types of rail it is recommended that the maximum additional rail stresses is specified in the National 
Annex or for the indi vidual project. 

6.5.4.5.2 Linliting values for the deformation of the structure 

(l)P Due to traction and braking bB [mm] shall not exceed the following values: 
5 mnl for continuous welded rails without rail expansion devices or with a rail 
expansion device at one end of the deck, 
30 mm for rail expansion devices at both ends of the deck where the ballast is 
continuous at the ends of the deck, 
movelnents exceeding 30 mm shall only be permitted where the ballast is provided 
with a movement gap and rail expansion devices provided. 

where bB [mm] is: 
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the relative longitudinal displacelnent between the end of a deck and the adjacent 
abutment or, 
the relative longitudinal displacement between two consecutive decks. 

(2)P For vertical traffic actions (up to two tracks loaded with load model LM 71 (and 
where required SW /0) bH [mm] shall not exceed the following values: 

8 mm when the combined behaviour of structure and track is taken into account 
(valid where there is only one or no expansion devices per deck), 
10 mIn when the combined behaviour of the structure and track is neglected. 

where bH [lnnl] is: 

- the longitudinal displacement of the upper surface of the deck at the end of a deck 
due to defornlation of the deck. 

NOTE Where either the permissible additional stresses in the rail in 6.5.4.5.1 (I) are exceeded or the 
longitudinal displacement of the deck in 6.5.4.5.2(1) or 6.5.4.5.2(2) is exceeded either change the 
structure or provide rail expansion devices. 

(3)P The vertical displacement of the upper surface of a deck relative to the adjacent 
construction (abutment or another deck) Ov [mm] due to variable actions shall not 
exceed the following values: 
- 3 nlm for a Maxinlunl Line Speed at the Site of up to 160 kmlh, 

2 mm for a Maximunl Line Speed at the Site over 160 kmlh. 

(4)P For directly fastened rails the uplift forces (under vertical traffic loads) on rail 
supports and fastening systems shall be checked against the relevant linlit state 
(including fatigue) performance characteristics of the rail supports and fastening 
systems. 

6.5.4.6 Calculation Inethods 

NOTE Alternative calculation methods may be specified in the National Annex or l~)r the individual 
project. 

(1) The following calculation methods enable the cOlnbined response of the track and 
structure to be checked against the design criteria given in 6.5.4.5. The design criteria 
for ballasted decks may be summarised as: 

a) Longitudinal relative displacelnent at the end of the deck split into two components 
to enable comparison with the permitted values: b8 due to braking and traction and 
bH due to vertical deformation of the deck, 

b) Maxinlum additional stresses in the rails, 
c) Maxinlum vertical relative displacement at the end of the deck, Ov. 

For directly fastened decks an additional check on uplift forces is required in 
accordance with 6.5.4.5.2(4). 

(2) In 6.5.4.6.1 a siinplified Inethod is given for estimating the combined response of a 
simply supported or a continuous structure consisting of single bridge deck and track to 
variable actions for structures with an expansion length LT of up to 40nl. 
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(3) For structures that do not satisfy the requirements of 6.5.4.6.1 a nlethod is given in 
annex G for determining the cotnbined response of a stlucture and track to variable 
actions for: 
- simply supported or a continuous structure consisting of a single bridge deck, 
- structures consisting of a succession of simply supported decks, 

structures consisting of a succession of continuous single piece decks. 

(4) Alternatively, or for other track or structural configurations, an analysis may be 
carried out in accordance with the requirements of 6.5.4.2 to 6.5.4.5. 

6.5.4.6.1 Simplified calculation nlethod for a single deck 

(1) For a superstructure conlprising of a single deck (simply supported, continuous 
spans with a fixed bearing at one end or continuous spans with an intermediate fixed 
bearing) it is not necessary to check the rail stresses providing: 
- the substructure has sufficient stiffness,K to limit bB, the displacement of the deck 

in the longitudinal direction due to traction and braking, to a maximum of 5 mnl 
under the longitudinal forces due to traction and braking defined in 6.5.4.6.1(2) 
(classified in accordance with 6.3.2(3) where required). For the deternlination of the 
displacelnents the configuration and properties of the structure given in 6.S.4.2( 1) 
should be taken into account. 

- for vertical traffic actions bi;, the longitudinal displacement of the upper surface of 
the deck at the end of the deck due to deformation of the deck does not exceed 5mm, 

- expansion length LT is less than 40m, 

NOTE Alternative criteria may be specified in the National Annex. The criteria given in this clause are 
recommended. 

(2) The lilnits of validity of the calculation method in 6.5.4.6.1 are: 
- track c0111plies with the construction requirements given in 6.5.4.5.1 (2). 

longitudinal plastic shear resistance k of the track is: 
unloaded track: k = 20 to 40 kN per m of track, 
loaded track: k = 60 kN per m of track. 

vertical traffic loading: 
Load Model 71 (and where required Load Model SW/O) with a = 1 in accordance 
with 6.3.2(3), 
Load Model SW 12, 

NOTE The method is valid for values of a where the load etl'ects from a x LM71 are less than or 
equal to the load etlects from SWI2. 

- actions due to braking for: 
Load Model 71 (and where required Load Model SW/O) and Load Model 
HSLM: 
qJbk = 20 kN/m, 
Load Model SW 12: 
qlbk = 35 kN/nl. 

- actions due to traction: 
qluk = 33 kN/m, limited to a maximunl of QJak = 1000 kN. 

- actions due to temperature: 
Temperature variation f...TD of the deck: f...TD::; 35 Kelvin, 

106 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

Temperature variation I1TR of the rail: I1TR :::;; 50 Kelvin, 
Maximum difference in teinperature between rail and deck: 
II1TD - I1TR I S 20 Kelvin. 6.25 

(3) The longitudinal forces due to traction and braking acting on the fixed bearings may 
be obtained by n1ultiplying the traction and braking forces by the reduction factor ~ 
given in Table 6.9. 

Table 6.9 - Reduction factor r; for the determination of the longitudinal forces in 
the fixed bearings of one-piece decks due to traction and braking 

Overall length of Reduction factor r; 
structure Em] Continuous track Rail expansion Rail expansion 

devices at one devices at both 
end of deck ends of deck 

:::;;40 0,60 0,70 1,00 

NOTE For portal frames and closed frames or boxes it is recommended that the reduction factor C; be 
taken as unity. Alternatively the method given in annex G or an analysis in accordance with 6.5.4.2 to 
6.5.4.5 may be used. 

(4) The characteristic longitudinal forces FTk per track due to temperature variation 
(according to 6.5.4.3) acting on the fixed bearings may be obtained as follows: 

for bridges with continuous welded rails at both deck ends and fixed bearings at one 
end of the deck : 
FTk [kN] = ± 0,6 k LT (6.26) 
with k [kN/m] the longitudinal plastic shear resistance of the track per unit length 
according to 6.5.4.4(2) for unloaded track and LT [m] the expansion length 
according to 6.5.4.2( 1). 
for bridges with continuous welded rails at both deck ends and fixed bearings 
situated in a distance L1 from one end of the deck and L2 from the other end: 
FTk [kN] = ± 0,6 k (L2 - L J ) (6.27) 
with k [kN/m] the longitudinal plastic shear resistance of the track per unit length 
according to 6.5.4.4(2) for unloaded track and LJ [m] and L2 [In] according to Figure 
6.21. 

N.B. (1) Deck corresponding to either LI or L2 
may comprise of one or more spans. 

Figure 6.21 - Deck with fixed bearings not located at one end (1) 

for bridges with continuous welded rails at the deck end with fixed bearings and rail 
expansion devices at the free deck end: 
FTk [kN] = ± 20 LT , but FTk S 1100 kN (6.28) 
with LT [In] expansion length according to 6.5.4.2.(1). 
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- for bridge decks with rail expansion devices at both ends: 
FTk =0 (6.29) 

NOTE For track complying with 6.5.4.5.1 (2) values of k may be taken from annex 02(3). Alternative 
values of k may be specified in the National Annex. 

(5) The characteristic longitudinal forces FQk per track on the fixed bearings due to 
deformation of the deck may be obtained as follows: 

for bridges with continuous welded rails at both deck ends and fixed bearings on one 
end of the deck and with rail expansion devices at the free end of the deck: 
FQk [kN] = ± 20 L (6.30) 
with L [m] the length of the first span near the fixed bearing 

- for bridges with rail expansion devices at both ends of the deck: 
FQk [kN] = 0 (6.31) 

(6) The vertical displacement of the upper surface of a deck relative to the adjacent 
construction (abutment or another deck) due to variable actions may be calculated 
ignoring the combined response of the structure and track and checked against the 
criteria in 6.5.4.5.2(3), 

6.6 Aerodynanlic actions from passing trains 

6.6.1 General 

(l)P AerodynaInic actions from passing trains shall be taken into account when 
designing structures adjacent to railway tracks. 

(2) The passing of rail traffic subjects any structure situated near the track to a travelling 
wave of alternating pressure and suction (see Figures 6.22 to 6.25). The Inagnitude of the 
action depends mainly on: 
- the square of the speed of the train, 

the aerodynaInic shape of the train, 
the shape of the structure, 
the position of the structure, particularly the clearance between the vehicle and the 
structure. 

(3) The actions may be approximated by equivalent loads at the head and rear ends of a 
train, when checking ultimate and serviceability limit states and fatigue. Characteristic 
values of the equivalent loads are given in 6.6.2 to 6.6.6. 

NOTE The National Annex or the individual project may specify alternative values. The values given in 
6.6.2 to 6.6.6. are recommended. 

(4) In 6.6.2 to 6.6.6 the Maximum Design Speed V [kmlh] should be taken as the 
Maxin1u111 Line Speed at the Site except for cases covered by EN 1990 A2.2.4( 6). 
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(5) At the start and end of structures adjacent to the tracks, for a length of 5 m from the 
start and end of the structure measured parallel to the tracks the equivalent loads in 6.6.2 to 
6.6.6 should be multiplied by a dynamic amplification factor of 2,0. 

NOTE For dynamically sensitive structures the above dynamic amplification factor may be insufficient 
and may need to be determined by a special study. The study should take into account dynamic 
characteristics of the structure including support and end conditions, the speed of the adjacent rail traffic 
and associated aerodynamic actions and the dynamic response of the structure including the speed of a 
deflection wave induced in the structure. In addition, for dynamically sensitive structures a dynamic 
amplification factor may be necessary for parts of the structure between the start and end of the structure. 

6.6.2 Simple vertical surfaces parallel to the track (e.g. noise barriers) 

(1) The characteristic values of the actions, ± Qlk, are given in Figure 6.22. 

q [kN/m2] 
1k 

1,8 

1,6 

1,4 

1,2 

1,0 

0,8 

0,6 

0,4 

0,2 

0,0 
2,3 2,8 

Key 
(1) Section 
(2) Surface of structure 
(3) Plan view 
(4) Surface of structure 

(1 ) 

3,3 3,8 4,3 5,3 

(3) 

V =300km/h 

---- V =250km/h 

---- V =200km/h 

----- V =160km/h 

----- V =120km/h 

[m] 

Figure 6.22 - Characteristic values of actions qlk for simple vertical surfaces 
parallel to the track 

(2) The characteristic values apply to trains with an unfavourable aerodynamic shape and 
may be reduced by: 

a factor k, = 0,85 for trains with smooth sided rolling stock 
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- a factor kl = 0,6 for strean1lined roBing stock (e.g. ETR, ICE, TGV, Eurostar or 
sin1ilar) 

(3) If a small part of a waH with a height 1,00 m and a length 2,50 m is considered, 
e.g. an elen1ent of a noise protection wall, the actions qlk should be increased by a factor k2 

1,3. 

6.6.3 SiInple horizontal surfaces above the track (e.g. overhead protective 
structures) 

( I) The characteristic values of the actions, ± q2b are given in Figure 6.23. 

(2) The loaded width for the structural member under investigation extends up to 1001 to 
either side fro01 the centre-line of the track. 

(1 ) 

± 

3,O--+--r----, 

2,0---4---r----:\----I----+----, 

1 ,0---4--~-~-_+_'l'''c--_+_-__+-___.--~-....__-__. 

(2) 

V=300km/h 

- - - - V = 250km/h 

-- -- V=200km/h 

----- V=160km/h 

-- •• -- V=120km/h 

O,O--f--+---+---+---+---+---I--+---~=~-""" 

4,5 5,0 

Key 
(1) Section 

Elevation 

6,0 

Underside of the structure 

7,0 8,0 9,0 

Figure 6.23 - Characteristic values of actions q2k for simple horizontal surfaces 
above the track 

(3) For trains passing each other in opposite directions the actions should be added. The 
Joading frOlll trains on only two tracks needs to be considered. 

(4) The actions q2k may be reduced by the factor kl as defined in 6.6.2. 
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(5) The actions acting on the edge strips of a wide structure which cross the track nlay be 
multiplied by a factor of 0,75 over a width up to 1,50 m. 

6.6.4 Simple horizontal surfaces adjacent to the track (e.g. platfornl canopies with 
no vertical wall) 

(I) The characteristic values of the actions, ± q3k, are given in Figure 6.24 and apply 
irrespective of the aerodynamic shape of the train. 

(2) For every position along the structure to be designed, q3k should be determined as a 
function of the distance ag from the nearest track. The actions should be added, if there are 
tracks on either side of the structural member under consideration. 

(3) If the distance hg exceeds 3,80 m the action q3k may be reduced by a factor k3: 

--~- for 3,8 n1 < hg < 7,5 m 
3,7 

for hg ~ 7,5 m 

where: 

(6.32) 

(6.33) 

hg distance from top of rail level to the underside of the structure. 

o,O-+--+---I----+--+---+--I---+--+----.... 
2,0 

Key 
(1) Section 
(2) Elevation 

3,0 

(3) Underside of the structure 

4,0 5,0 6,0 

(2) 

5m 5m 

-- -- V =200km/h 

---- V""160km/h 

-_._- V=120km/h 

a g [m] 

Figure 6.24 - Characteristic values of actions q3k for simple horizontal surfaces 
adjacent to the track 
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6.6.5 Multiple-surface structures alongside the track with vertical and horizontal 
or inclined surfaces (e.g. bent noise barriers, platfornl canopies with vertical walls 
etc.) 

(1) The characteristic values of the actions, ± q4k, as given in Figure 6.25 should be applied 
normal to the surfaces considered. The actions should be taken from the graphs in Figure 
6.22 adopting a track distance the lesser of: 

a' = 0,6 min ag + 0,4 Inax ag or 6 n1 (6.34) 

where distances min and Inax ag are shown in Figure 6.25. 

(2) If n1ax > 6 In the value max aCT = 6 m should be used. 
'" 

(3) The factors k I and defined in 6.6.2 should be used. 

I 
j<l min a 9 J 
I maxag 

Figure 6.25 - Definition of the distances min ag and max ag from centre-line of the 
track 

6.6.6 Surfaces enclosing the structure gauge of the tracks over a limited length (up 
to 20 m) (horizontal surface above the tracks and at least one vertical wall, e.g. 
scaffolding, temporary constructions) 

(1) All actions should be applied irrespective of the aerodynamic shape of the train: 
to the full height of the vertical surfaces: 

where: 

qlk is detennined according to 6.6.2, 
k4 = 2 
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- to the horizontal surfaces: 

where: 

q2k is determined according to 6.6.3 for only one track, 
k5 = 2,5 if one track is enclosed, 
k5 = 3,5 if two tracks are enclosed. 

6.7 Derailment and other actions for railway bridges 
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(6.36) 

(l)P Railway structures shall be designed in such a way that, in the event of a derailn1ent, 
the resulting damage to the bridge (in particular overturning or the collapse of the sttucture 
as a whole) is limited to a minimun1. 

6.7.1 Derailment actions from rail traffic on a railway bridge 

(1)P Derail ment of rail traffic on a rail way bridge shall be considered as an Accidental 
Design Situation. 

(2)P Two design situations shall be considered: 
Design Situation I: Derailment of railway vehicles, with the derailed vehicles 
remaining in the track area on the bridge deck with vehicles retained by the adjacent 
rail or an upstand wall. 

- Design Situation II: Deraihnent of railway vehicles, with the derailed vehicles balanced 
on the edge of the bridge and loading the edge of the superstructure (excluding nOI1-

structural elements such as walkways). 

NOTE The National Annex or individual project may specify additional requiremenls and alternative 
loading. 

(3)P For Design Situation I, collapse of a major part of the structure shall be avoided. 
Local damage, however, may be tolerated. The parts of the structure concerned shall be 
designed for the following design loads in the Accidental Design Situation: 

a x 1,4 x LM 71 (both point loads and uniformly distributed loading, QA I d and q A I d) 

parallel to the track in the most unfavourable position inside an area of width 1,5 times the 
track gauge on either side of the centre-line of the track: 
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Key 
(I) max. I ,5s or less if against wall 
(2) Track gauge s 

(1 ) I (1) 

Ti---r--(2)-----1~ 
ex x 0,7 x LM 71 

I 
ex x 0,7 x LM 71 

(3) For ballasted decks the point forces may be assumed to be distributed on a square of side 450mm at 
the top of the deck. 

Figure 6.26 - Design Situation I - equivalent load QAld and qAld 

(4)P For Design Situation II, the bridge should not overturn or collapse. For the 
determination of overall stability a maximum total length of 20 m of qA2d = a x 1,4 x 
LM71 shall be taken as a uniformly distributed vertical line load acting on the edge of the 
structure under consideration. 

Key 
(I) Load acting on 
(2) Track gauge s 

of structure 

Figure 6.27 - Design Situation II - equivalent load qA2d 

NOTE The above-mentioned equivalent load is only to be considered for determining the ultimate strength 
or the stability of the structure as a whole. Minor structural elements need not be designed for this load. 

(5)P Design Situations I and II shall be examined separately. A cOll1bination of these loads 
need not be considered. 
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(6) For Design Situations I and II other rail traffic actions should be neglected for the track 
subjected to deraillnent actions. 

NOTE See EN 1990 A2 for the requirements for application of traffic actions to other tracks. 

(7) No dynan1ic factor needs to be applied to the design loads in 6.7.1(3) and 6.7.1(4). 

(8)P For structural elements which are situated above the level of the rails, measures to 
Initigate the consequences of a derailment shall be in accordance with the specified 
requirements. 

NOTE 1 The requirements may be specified in the National Annex or for the individual project. 

NOTE 2 The National Annex or individual project may also specify requirements to retain a derailed 
train on the structure. 

6.7.2 Derailment under or adjacent to a structure and other actions for Accidental 
Design Situations 

(1) When a derailment occurs, there is a risk of collision between derailed vehicles and 
structures over or adjacent to the track. The requirements for collision loading and other 
design requ irements are specified in EN 1991-1-7. 

(2) Other actions for Accidental Design Situations are given in EN 1991 
be taken into account. 

6.7.3 Other actions 

and should 

(l)P The following actions shall also be taken into account in the design of the 
structure: 

effects due to inclined decks or inclined bearing surfaces, 
longitudinal anchorage forces froin stressing or destressing rails in accordance with 
the specified requirements. 
longitudinal forces due to the accidental breakage of rails in accordance with the 
specified requirements. 
actions fron1 catenaries and other overhead line equiplnent attached to the structure 
in accordance with the specified requirelnents. 
actions fron1 other railway infrastructure and equipment in accordance with the 
specified requiren1ents. 

NOTE The specified requirements including actions for any Accidental Design Situation to be taken into 
account may be specified in the National Annex or for the individual project. 

6.8 Application of traffic loads on railway bridges 

6.8.1 General 

NOTE See 6.3.2 for the application of the factor a and 6.4.5 for the application of the dynamic factor (j). 

(l)P The structure shall be designed for the required nUIT1ber and position( s) of the 
tracks in accordance with the track positions and tolerances specified. 
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NOTE The track positions and tolerances may be specified for the individual project. 

(2) Each structure should also be designed for the greatest number of tracks geometrically 
and structurally possible in the least favourable position, irrespective of the position of the 
intended tracks taking into account the minimum spacing of tracks and structural gauge 
clearance requirements specified. 

NOTE The minimum spacing of tracks and structural gauge clearance requirements may be specified for the 
individual project. 

(3)P The effects of all actions shall be determined with the traffic loads and forces placed 
in the n10st unfavourable positions. Traffic actions which produce a relieving effect shall 
be neglected. 

(4)P For the deternlination of the most adverse load effects froITI the application of Load 
Model 71: 

any number of lengths of the uniformly distributed load shall be applied to a 
track and up to four of the individual concentrated loads QVk shall be applied once 
per track, 
for structures carrying two tracks, Load Model 71 shall be applied to one track or 
both tracks, 

- for structures carrying three or nlore tracks, Load Model 71 shall be applied to one 
track or to two tracks or 0,75 times Load Model 71 to three or more of the tracks. 

(5)P For the deternlination of the most adverse load effects from the application of Load 
Model SW/O: 
- the loading defined in Figure 6.2 and Table 6.1 shall be applied once to a track, 
- for structures carrying two tracks, Load Model SW 10 shall be applied to one track or 

both tracks, 
- for structures carrying three or more tracks, Load Model SW/O shall be applied to 

one track or to two tracks or 0,75 tilTIeS Load Model SW/O to three or more of the 
tracks. 

(6)P For the determination of the most adverse load effects frOIn the application of Load 
Model SW/2: 

the loading defined in Figure 6.2 and Table 6.1 shall be applied once to a track, 
- for structures carrying more than one track, Load Model SW/2 shall be applied to 

one track only with Load Model 71 or Load Model SW 10 applied to one other track 
in accordance with 6.8.1(4) and 6.8.1(5). 

(7)P For the determination of the rnost adverse load effects from the application of Load 
Model "unloaded train": 
- any nun-tber of lengths of the unifornlly distributed load qvk shall be applied to a 

track, 
generally Load Model "unloaded train" shall only be considered in the design of 
structures carrying one track. 

(8)P All continuous beam structures designed for Load Model 71 shall be checked 
additionally for Load Model SW/O. 
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(9)P Where a dynamic analysis is required in accordance with 6.4.4 all bridges shall 
also be designed for the loading from Real trains and Load Model HSLM where 
required by 6.4.6.1.1. The detennination of the Inost adverse load effects from Real 
Trains and the application of Load Model HSLM shall be in accordance with 
6.4.6.1.1(6) and 6.4.6.5(3). 

(lO)P For the verification of defonnations and vibrations the vertical loading to be applied 
shall 
- Load Model 71 and where required Load Models SW/O and SW/2, 

Load Model HSLM where required by 6.4.6.1.1, 
- Real Trains when determining the dynanuc behaviour in the case of resonance or 

excessive vibrations of the deck where required by 6.4.6.1.1. 

(11)P For bridge decks can'ying one or more tracks the checks for the limits of deflection 
and vibration shall be made with the number of tracks loaded with all associated relevant 
traffic actions in accordance with Table 6.10. Where required by 6.3.2(3) classified loads 
shall be taken into account. 
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Table 6.10 - Nunlber of tracks to be loaded for checking limits of deflection 
and vibration 

Linlit State and 
associated acceptance criteria 

Traffic Safety Checks: 

Deck twist (EN 1990: A2.4.4.2.2) 

Vertical deformation of the deck 
(EN 1990: A2.4.4.2.3) 

- Horizontal defonnation of the deck 
(EN 1990: A2.4.4.2.4) 

Combined response of structure and 
track to variable actions including 
limits to vertical and longitudinal 
displacement of the end of a deck 
(6.5.4) 

- Vertical acceleration of the deck 
(6.4.6 and EN 1990: A2.4.4.2.1) 

SLS Checks: 

Passenger comfort criteria (EN 
] 990: A2.4.4.3) 

ULS Checks 

Uplift at bearings (EN 1990: 
A2.4.4.1 (2)P) 

a Whichever is critical 

N umber of tracks on the bridge 
1 2 ~3 

1 1 or 2 a 

1 1 or 2 a 

1 1 or2 a 

1 1 or 2 a 

1 1 

1 

1 1 or 2 a 

1 or 2 or 3 or 
11lore b 

1 or 2 or 3 or 
more b 

1 or 2 or 3 or 
nlore b 

lor 2 a 

1 

1 or 2 or 3 or 
nlore b 

b Where groups of loads are used the number of tracks to be loaded should be in accordance with Table 6.11. 
Where groups of loads are not used the number of tracks to be loaded should also be in accordance with Table 
6.11. 

NOTE Requirements for the number of tracks to be considered loaded when checking dlallla.::;c; and structural 
clearance requirements may be specified in the National Annex or for the individual project. 

6.8.2 Groups of Loads - Characteristic values of the multicomponent action 

(1) The simultaneity of the loading defined in 6.3 to 6.5 and 6.7 may taken into account 
by considering the groups of loads defined in Table 6.11. Each of groups of loads, 
which aremutuaUy exclusive, should be considered as defining a single variable 
characteristic action for combination with non-traffic loads. Each Group of Loads should 
be applied as a single variable action. 
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NOTE In some cases it is necessary to consider other appropriate combinations of unfavourable individual 
traffic actions. See A2.2.6(4) of EN 1990. 

(2) The factors given in the Table 6.11 should be applied to the characteristic values of the 
different actions considered in each group. 

NOTE All the proposed values given for these factors may be varied in the National Annex. The values in 
Table 6.]] are recommended. 

(3)P Where groups of loads are not taken into account rail traffic actions shall be 
combined in accordance with Table A2.3 of EN 1990. 
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Table 6.11 - Assessment of Groups of Loads for rail traffic (characteristic values of 
the muIticomponent actions) 

number of 
tracks on 

Load 
Group(~) 

grll 

gr 12 

gr 31 

6.3.3 

Loaded SW/2 
track ( 1).\) 1 

TI 

TI 

O.7'i 

(1) All relevant factors (a. (/l, f ... ) shall be taken into account. 

6.3.4 

Imin 

(2) SW/O shall only be taken into account for continuous beam structures. 
(3) SW/2 needs to be taken into account only if it is stipulated for the line. 
(4) Factor may be reduced to 0,5 if favourable effect, it cannot be zero. 
(5) In favourable cases these non-dominant values shall be taken equal to zero, 
(6) HSLM and Real Trains where required in accordance with 6.4.4 and 6.4.6.1.1. 
(7) If a dynamic analysis is required in accordance with 6.4.4 see also 6.4.6.5(3) and 6.4.6.1.2. 
(8) See also Table A2.3 of EN 1990 

Dominant component aClion as appropriate 

D to be considered in designing a structure supporting one track (Load Groups 11-17) 

~ to be considered ill designing a structure supporting two tracks (Load Groups 11-27 
except 15). Each of the two tracks shall be considered as 
either TJ (Track one) or Tl (Track 2) 

to be considered in designing a structure supporting three or more tracks; 
(Load Groups II to 31 except 15. Anyone track shall be taken as T J, 

6.5.2 

Nosing 
force 

Comment 

'. vertic,,1 I with max. 

Aclclitionallo:td case 

any other track as T2 with all other tracks unloaded. In addition the Load Group 31 has to be considered as an additional load 

case where all unfavourable lengths of track T j are loaded. 

6.8.3 Groups of Loads - Other representative values of the nlulticonlponent actions 

6.8.3.1 Frequent values of the multicomponent actions 

(1) Where Groups of Loads are taken into account the same rule as in 6.8.2(1) above is 
applicable by applying the factors given in Table 6.11 for each Group of Loads, to the 
frequent values of the relevant actions considered in each Group of Loads. 

NOTE The li'equent values of the multicomponent actions may be defined in the National Annex. The 
rules given in this clause are recommended. 
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(2)P Where Groups of Loads are not used rail traffic actions shall be cOlnbined in 
accordance with Table A2.3 of EN 1990. 

6.8.3.2 Quasi-pennanent values of the lnulticolnponent actions 

(1) Quasi-permanent traffic actions should be taken as zero. 

NOTE The quasi-permanent values of the multicomponent actions may be defined in the National 
Annex. The value given in this clause is recommended. 

6.8.4 Traffic loads in Transient Design Situations 

(l)P Traffic loads for Transient Design Situations shall be defined. 

NOTE Some indications are given in annex H. The traffic loads for Transient Design Situations may be 
defined for the individual project. 

6.9 Traffic loads for fatigue 

(l)P A fatigue damage assessment shall be carried out for all structural elements, which are 
subjected to fluctuatio11s of stress. 

(2) For normal traffic based on characteristic values of Load Model 71, including the 
dynamic factor <P, the fatigue assessment should be carried out on the basis of the traffic 
111ixes, !I standard traffic ", "traffic with 250 kN -axles 11 or "light traffic lniX" depending on 
whether the structure carries lnixed traffic, predominantly heavy freight traffic or 
lightweight passenger traffic in accordance with the requirements specified. Details of the 
service tri.:uns and traffic mixes considered and the dynmnic enhancelnent to be applied are 
given in annex D. 

NOTE The requirements may be defined for the individual project. 

(3) Where the traffic mix does not represent the real traffic (e.g. in special situations 
where a limited number of vehicle type(s) dominate the fatigue loading or for traffic 
requiring a value of a greater than unity in accordance with 6.3.2(3)) an alternative 
traffic mix should be specified. 

NOTE The alternative traffic mix may be defined for the individual project. 

(4) Each of the !nixes is based on an annual traffic tonnage of 25 x 106 tonnes passing over 
the bridge on each track. 

(5)P For structures carrying 111ultiple tracks, the fatigue loading shall be applied to a 
maxilnurD of two tracks in the most unfavourable positions. 

(6) The fatigue datllage should be assessed over the design working life. 

NOTE The design working life may be specified in the National Annex. 100 years is recommended. See 
also EN 1990. 
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(7) Alternatively, the fatigue assessment may be carried out on the basis of a special traffic 
mix. 

NOTE A special traffic mix may be specified in the National Annex or for the individual project. 

(8) Additional requirements for the fatigue assessment of bridges where a dynamic 
analysis is required in accordance with 6.4.4 when dynan1ic effects are likely to be 
excessive are given in 6.4.6.6. 

(9) Vertical rail traffic actions including dynan1ic effects and centrifugal forces should 
be taken into account in the fatigue assessment. Generally nosing and longitudinal 
traffic actions ITIay be neglected in the fatigue assessment. 

NOTE In some special situations, for example bridges supporting tracks at terminal stations, the effect of 
longitudinal actions should be taken into account in the fatigue assessment. 
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Models of special vehicles for road bridges 

A.I Scope and field of application 

(1) This annex defines standardised models of special vehicles that can be used for the 
design of road bridges. 

(2) The special vehicles defined in this annex are intended to produce global as well as 
local effects such as are caused by vehicles which do not comply with the national 
regulations concerning limits of weights and, possibly, dilnensions of nonnal vehicles. 

NOTE The consideration of special vehicles for bridge 
cases. 

is intended to be limited to particular 

(3) This annex also provides guidance in case of simultaneous application on a bridge 
carriageway special vehicles and normal road traffic represented by Load Model 1 
defined in 4.3.2. 

A.2 Basic models of special vehicles 

(1) Basic n10dels of special vehicles are conventionally defined in Tables A.I and A.2, 
and in Figure A.l. 

NOTE I The basic models of special vehicles correspond to various levels of abnormal loads that can be 
authorised to travel on particular routes of the highway network. 

NOTE 2 Vehicle widths of 3,00 m for the 150 and 200 kN axle-lines, and of 4,50 m for the 240 kN axle
lines are assumed. 

Table Al - Classes of special vehicles 

eight Composition Notation 
600kN 4 axle-lines of 150 kN 600/150 

900kN 6 axle-lines of 150 kN 900/150 
1200 kN 8 axle-lines of 150 kN 12001150 

or 6 axle-lines of 200 kN 1200/200 
1500 kN 10 axle-lines of 150 kN 15001150 

or 7 axle-lines of 200 kN + 1 axle line 1500/200 
of 100 kN 

1800 kN 12 axle-lines of 150 kN 18001150 
or 9 axle-lines of 200 kN 1800/200 

2400 kN 12 axle-lines of 200 kN 2400/200 
or 10 axle-lines of 240 kN 2400/240 

or 6 axle-lines of 200 kN (spacing 12m) 2400/200/200 
+ 6 axle-lines of 200 kN 
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3000 kN IS axle-lines of 200 kN 
or 12 axle-lines of 240 kN + 1 axle-line 

of 120 kN 
or 8 axle-lines of 200 kN (spacing 12 m) 

+ 7 axle-lines of 200 kN 
3600 kN 18 axle-lines of 200 kN 

or IS axle-lines of 240 kN 
or 9 axle-lines of 200 kN (spacing 12 m) 

+ 9 axle-lines of 200 kN 

3000/200 
3000/240 

3000/200/200 

3600/200 
3600/240 

3600/200/200 

Table A2 - Description of special vehicles 

Axle-lines of 150 kN Axle-lines of 200 kN Axle-lines of 240 kN 
600kN n = 4xlS0 

e = I,SO ITI 
900 kN 11 = 6xlS0 

e = 1,SO m 
1200 kN n = 8xlS0 n = 6x200 

e = I,SO m e = I,SO ill 

ISOO kN 11 = 10x1S0 11 = 1 x 100 + 7 x 200 
e = 1,SO m e = 1,SO m 

1800 kN n = 12x150 11 = 9x200 
e = 1,SO m e= 1,SOm 

2400 kN 11 = 12x200 ~n = 10x240 @j] 
e= 1,SOm e= 1,SOm 

11 = 6x200 + 6x200 
e = Sxl,S+12+Sxl,S 

3000 kN 11 = lSx200 ~n = lx120 
e = I,SO ill + 12x240@j] 

e = I,SO m 
n = 8x200 + 7x200 
e = 7xl,S+12+6xl,S 

3600 kN 17 = 18x200 ~n = lSx240@l] 
e= 1,SOm e= 1,SOm 

17 = 8x240 + 7x240 
e = 7xl,S+12+6xl,S 

NOTE 
17 number of axles ITIultiplied by the weight (kN) of each axle in each group 
e axle spacing (m) within and between each group. 
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x 

1 
0,30 m r 1,20 m '1- ·1-

D.15 m += C21Zill222J 
a) 

1,20 m 

0,30 m 

1,20 m -I- I 1,20 m-1 

b) 

Key 
x Bridge axis direction 
a) 100 to 200 kN axle-lines 
b) 240 axle-lines 

Figure A.1 - Arrangement of axle-lines and definition of wheel contact areas 

(1) One or Inore of the models of special vehicles may have to be taken into account. 

NOTE 1 The models and the load values and dimensions may be defined for the individual project. 

NOTE 2 The effects of the 6001150 standardised model are covered by the effects of Load Model 
where applied with a

Q
" and a" factors all equal to L 
1 ql 

NOTE 3 Particular models, especially to cover the effects of exceptional loads with a gross weight 
exceeding 3600 kN, may have to be defined for the individual project. 

(3) The characteristic loads associated with the special vehicles should be taken as 
nominal values and should be considered as associated solely with transient design 
situations. 

A.3 Application of special vehicle load models on the carriageway 

Each standardised lTIodel should be applied: 

on one notional traffic lane as defined in 1.4.2 and 4.2.3 (considered as Lane Nunlber 
1) for the models composed of 150 or 200 kN axle-lines, or 

on two adjacent notional lanes (considered as Lanes Number 1 and 2 - see Figure 
A.2) for nl0dels composed of 240 kN axle-lines. 

(2) The notional lanes should be Jocated as unfavourably as possible in the carriageway. 
For this case, the carriageway width 11lay be defined as excluding hard shoulders, hard 
strips and marker strips. 

125 



BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

I 
1,50 

t-
1,50 

~1,50Tl,50~ 

112,~011 
I 

c:=::::=:J I c:=::::=:J 
I 
I 
I 

c:=::::=:J I c:=::::=:J 
I 
I 
I 

c:=::::=:J I c:=::::=:J 
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Axle-lines of 150 or 200 kN (b 2,70 m) 
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Key 
Axle-lines of 240 kN (b = 4,20 m) 
X : Bridge axis direction 
(1) Lane 1 
(2) Lane 2 

Figure A.2 - Application of the special vehicles on notional lanes 

(3) Depending on the models under consideration, these Inodelsmay be assumed to 
lTIOVe at low speed (not lTIOre than 5 kmlh) or at normal speed (70 kmlh). 

(4) Where the models are assumed to move at low speed, only vertical loads without 
dynamic amplification should be taken into account. 

(5) Where the models are assumed to move at normal speed, a dynamic amplification 
should be taken into account. The following formula may be used: 

cp=1,40 5~O cp~] 
where: 

L influence length (m) 

(6) Where the models are assun1ed to move at low speed, each notional lane and the 
ren1aining area of the bridge deck should be loaded by Load Model 1 with its frequent 
values defined in 4.5 and in to EN 1990. On the lane(s) occupied by the standardised 
vehicle, this systelTI should not be applied at less than 25 m from the outer axles of the 
vehicle under consideration Figure A.3). 
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NOTE A more favourable transverse position for some special vehicles and a restriction of simultaneous 
presence of general traffic may be defined for the individual project. 

Figure A.3 - Simultaneity of Load Model 1 and special vehicles 

(7) Where special vehicles are assumed to lllove at nornlal speed, a pair of special 
vehicles should be used in the lane(s) occupied by these vehicles. On the other lanes and 
the remaining area the bridge deck should be loaded by Load Model 1 with its frequent 
values defined in 4.5 and in EN 1990, A2. 
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AnnexB 
(informative) 

Fatigue life assessment for road bridges Assessment method based on 
recorded traffic 

(I) A stress history should be obtained by analysis using recorded representative real 
traffic data, multiplied by a dynamic amplification factor <Pfat' 

(2) This dynan1ic amplification factor should take into account the dynamic behaviour 
of the bridge and depends on the expected roughness of the road surface and on any 
dynamic aInplification already included in the records. 

NOTE In accordance with ISO 86087, the road surface can be classified in terms of the power spectral 
density (PSD) of the vertical road profile displacement Cd, i.e. of the roughness. Cd is a function of the 
spatial frequency n, Cd(n), or of tbe angular spatial frequency of the path fl, Celfl), with fl=2rcfl. The 
actual power spectral density of the road profile should be smoothed and then fitted, in the bi-Iogarithmic 
presentation plot, by a straight line in an appropriate spatial frequency range. The fitted PSD can be 
expressed in a general form as 

or 

where: 
no is the reference spatial frequency (0,1 cycle/m), 
flo is the reference angular spatial frequency (1 rd/m), 
~v is the exponent of the fitted PSD. 

Often, instead of displacement PSD, Cd, it is convenient to consider velocity PSD, C y , in terms of change 
of tbe vertical ordinate of the road surface per unit distance travelled. Since the relationships between C y 

and Cd are: 

Cv(n) C,,(n)(2mlY and CveQ ) = CJ (Q)(Q)2 

Whcn w=2 the two expressions of velocity PSD are constant. 

Considering constant velocity PSD, 8 different classes of roads CA, B, .'" H) with increasing roughness 
are considered in ISO 8608. The class limits are graphed versus the displacement PSD in Figure B.I. For 
road bridge pavement classification only the first 5 classes (A, B, , .. , are relevant. 

Quality surface may be assumed very good for road surfaces in class A, good for surfaces in class B, 
medium for surfaces in class C, poor for surfaces in class D and very poor for surfaces in class E. 

7 ISO 8608: 1995 Mechanical vibration Road surface profiles Reporling of measured data 
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n [rad/m] Angular spatial frequency, 

Figure B.l- Road surface classification (ISO 8608) 
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The limit values of Cd and C v for the first 5 road surface classes in terms of 11 and D are given in Tables 
B.I and respectively. 
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Table B.I - Degree of roughness expressed in terms of spatial frequency units, n 

Road 
class 

A 
B 

Very 
Good 

oor 
a nll=O, I cycle/m 

32 
128 
512 
2048 

Degree of roughness 
not [10-6 m] 

. c mean U 
16 
64 

256 
1024 
4096 

32 
128 
5J2 

2048 
8192 

Gv (n) [10-6 m] 
Geometric mean 

6,3 
25,3 
101, 1 
404,3 
1617,0 

Table B.2 - Degree of roughness expressed in terms of angular spatial frequency units, Q 

Degree of rouahness 

Lower limit Geometric mean Upper limit 

B 
C 
D 
E 

1 
2 4 

Medium 8 16 
Poor 32 64 
Very 001' 128 256 

"no=] rad/m 

2 
8 

32 
128 
512 

Gv (.0) [10-6 m] 

Geometric mean 
1 
4 
16 
64 

256 

(3) Unless otherwise specified, the recorded axle loads should be multiplied by : 
lfJC11 1,2 for surface of good roughness 

lfJfat = 1,4 for surface of nledium roughness. 

(4) In addition, when considering a cross-section within a distance of 6,00 m from an 
expansion joint, the load should be multiplied by the additional dynalnic anlplification 
factor I1.lfJr~t derived from Figure 4.7. 

(5) The classification of roadway roughness may be taken in accordance with ISO 8608. 

(6) For a rough and quick estimation of the roughness quality, the following guidance is 
given: 

- new roadway layers, such as, for example, asphalt or concrete layers, can be assumed 
to have a good or even a very good roughness quality; 

- old roadway layers which are not maintained may be classified as having a mediunl 
roughness; 

roadway layers consisting of cobblestones or similar material may be classified as 
medium ("average") or bad ("poor", livery poor"), 

(7) The wheel contact areas and the transverse distances between wheels should be 
taken as described in Table 4.8, where relevant. 
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(8) If the data are recorded on one lane only, assumptions should be Inade concerning 
the traffic on other lanes. These assumptions may be based on records made at other 
locations for a siInilar type of traffic. 

(9) The stress history should take into account the simultaneous presence of vehicles 
recorded on the bridge in any lane. A procedure should be developed to allow for this 
when records of individual vehicle loadings are used as a basis. 

(10) The nun1bers of cycles should be counted using the rainflow ll1ethod or the 
reservoir Inethod. 

(11) If the duration of recordings is less than a full week, the records and the assessment 
of the fatigue damage rates may be adj usted taking into account observed variations of 
traffic flows and Inixes during a typical week. An adjustn1ent factor should also be 
applied to take into account any future changes on the traffic 

(12) The cumulative fatigue damage calculated by use of records should be tTIultiplied 
by the ratio between the design working life and the duration considered on the 
histogranl. In the absence of detailed infornlation, a factor 2 for the nurnber of lorries 
and a factor 1,4 for the load levels are reconlmended. 
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Annex C 
(normative) 

Dynamic factors 1 + rp for Real Trains 

(l)P To take account of dynamic effects resulting from the movement of actual service 
trains at speed, the forces and moments calculated froll1 the specified static loads shall 
be mUltiplied by a factor appropriate to the Maximum Permitted Vehicle Speed. 

(2) The dynamic factors 1 + (jJ are also used for fatigue damage calculations. 

(3)P The static load due to a Real Train at v [m/s] shall be multiplied by: 

either, 1 + (jJ = 1 + (jJ' + (jJ" for track with standard maintenance (C.l) 

Of, 1 + (jJ 1 + (jJ' + 0,5 (jJ" fOf carefully maintained track (C.2) 

NOTE The National Annex may specify whether expression (C. I ) or (C.2) may be used. Where the 
expression to be used is nol specified, expression (CI) is recommended. 

with: 
K 

(jJ'=----
1 K + 

for K < 0,76 

and 
(jJ' = 1,325 for K 20,76 

v 
where: K = ---

2L(j) x no 

and 

rp" l~O [S6e 10 + so( L~~o -1} 
(jJ" 2 ° 
with: a 

v 
if v ~ 22 m/s 

22 
a = 1 if v > 22 m/s 

where: 

J 

v is the Maxill1um Permitted Vehicle Speed [1111s] 

(C.3) 

(C.4) 

(C.S) 

(C.6) 

(C.7) 

no is the first natural bending frequency of the bridge loaded by permanent actions 
[Hz] 

Lm is the determinant length [m] in accordance with 6.4.5.3. 
a is a coefficient for speed 

The limit of validity for qf defined by Equations (C.3) and (C.4) is the lower limit of 
natural frequency in Figure 6.10 and 200 km/h. For aJ lather cases (jJ' should be 
determined by a dynamic analysis in accordance with 6.4.6. 

NOTE The method used should be agreed with the relevant authority specified in the National Annex. 
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The lilnit of validity for qi' defined by Equation (C.6) is the upper lirnit of natural 
frequency in Figure 6.10. For all other cases qi' may be determined by a dynanlic 
analysis taking into account 111aSS interaction between the unsprung axle masses of the 
train and the bridge in accordance with 6.4.6. 

(4)P The values of rp' + rp" shall be detennined using upper and lower lilniting values of no, 
unless it is being made for an individual bridge of known first natural frequency. 

The upper limit of no is given by: 

(C.8) 

and the lower lilnit is given by: 

for 4 In S L(D S 20 m (C.9) 

= 23 58L-0
.592 110 ' (t> for 20 nl < Lcp S 100 m (C.lO) 
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AnnexD 
(norn1ative) 

Basis for the fatigue assessment of railway structures 

D.l Assumptions for fatigue actions 

(1) The dynan1ic factors ~ and ClJ:3 which are applied to the static Load Model 71 and 
SW/O and SW/2, when clause 6.4.5 applies, represent the extrelne loading case to be taken 
into account for detailing bridge men1bers. These factors would be unduly onerous if they 
were applied to the Real Trains used for making an assessment of fatigue dan1age. 

(2) To take account of the average effect over the assumed 100 years life of the stlucture, 
the dynamic enhancelnent for each Real Train may be reduced to: 

(D.I) 

where rp' and rp" are defined below in equations (D.2) and (D.5). 

(3) Equations (D.2) and (D.5) are sin1plified forms of equations (C.3) and (C.6) which are 
sufficiently accurate for the purpose of calculating fatigue damage and are valid for 
Maxin1um Permitted Vehicle Speeds up to 200ktnlh: 

rp' 
K 

(D.2) 

with: 

K 
v 

160 
for L ~ 20 m (D.3) 

K= 
v 

47,1 
for L > 20 111 (D.4) 

and 

z} 

rp" 0,56e 100 (D.5) 

where: 

v is the MaxilTIUn1 Permitted Vehicle Speed [m/s] 
L is the detenninant length L(J) [m] in accordance with 6.4.5.3 

NOTE Where dynamic effects including resonance may be excessive and a dynamic analysis is required 
in accordance with 6.4.4 additional requirements for the fatigue assessment of bridges are given in 
6.4.6.6. 
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(l)P The fatigue assessment, in general a stress range verification, shall be carried out 
according to EN 1992, EN 1993 and EN 1994. 

(2) As an eX31nple for steel bridges the safety verification shall be carried out by ensuring 
that the following condition is satisfied: 

(D.6) 
YMf 

where: 

YFf is the partial safety factor for fatigue loading 

NOTE The value for YFf may be given in the National Annex. The recommended value is YH 1,00. 

/l is the damage equivalence factor for fatigue which takes account of the service 
traffic on the bridge and the span of the member. Values of /l are given in the 
design codes IEJ) (EN 1992 EN 1999). @j] 

~ is the dynamic factor (see 6.4.5) 
lla71 is the stress range due to the Load Model 71 (and where required SW/O) but 

excluding a) being placed in the most unfavourable position for the elenlent under 
consideration 
is the reference value of the fatigue strength (see EN 1993) 

YMf is the partial safety factor for fatigue strength in the design codes IEJ) (EN 1992 
EN 1999)@j] 

D.3 Train types for fatigue 

The fatigue assessment should be carried out on the basis of the traffic mixes, "standard 
traffic", "traffic with 250 kN-axJes" or "light traffic mix", depending on whether the 
structure carries standard traffic mix, predominantly heavy freight traffic or light traffic. 

Details of the service trains and traffic mixes are given below. 
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( 1) Standard and light traffic Inixes 

Type 1 Locomotive-hauled passenger train 

L Q 6630kN V 200km/h L = 262,1 Om q 25,3kN/m' 

6 x 225kN 4 x 110kN 4 x 110kN 4 x 110kN 

IH! llHl HIH BIH 
1,4 2,2 6,9 2,2 1,4 2,6 11,5 2,6 1,8 11,5 2,6 1,8 11,5 

II I I I I III I I III I I III I 

~2 
2,2 1,8 1,8 2,6 1,8 2,6 

18,5 c:1 20,3 c:1 20,3 c:1 20,3 

Type 2 Loconl0ti ve-hauled passenger train 

L Q = 5300kN V 160km/h L 281,1 Om q = 18,9kN/m' 

4x 110kN 4x110kN 

Type 3 High speed passenger train 

L Q 9400kN V = 250km/h L = 385,52m q 24,4kN/m' 

4 x200kN 4 x 150kN 

16,5 

136 

2,45 

I I I 

11 x (4 x 150kN) 

2,45 

I I I 

HI 9 x (4 x 110kN) 

2,6 

I II 
1,8 

c:1 9 x 20,3 J 

8 x (4xl10kN) 

4 x 150kN 4 x 200kN 

HIH 11 
16,5 8,46 



Type 4 High speed passenger train 

~ Q = 5100kN V = 250km/h L = 237,60m q = 21,5kN/m' 

4 x 170kN 3 x 170kN 2x170kN 2x170kN 

!1 r H r H r (2<:7~~ r I .« I H 
3,5 11,0 3,0 1,65 15,7 1,5 15,7 1,5 1,5 15,7 1,5 

I I I I III I III II • II III 
3,0 1,65 3,0 1,5 1,5 

22,15 21,85 

TypeS Locoillotive-hauled freight train 

r Q = 21600kN V = 80km/h L = 270,30m q = 80,OkN/m' 

2,1 4,4 2,1 1,8 5,71,8 1,8 G,7 1,8 1,85,7 1,8 1,8 5,71,8 

I I I I I I I I III III I III III I III III I III III I 
1,8 2,0 1,8 1,8 2,0 
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3 x 170kN 4 x 170kN 

r H r H 
15,7 1,65 3,0 11,0 3,5 

I III I I I 
3,0 1,65 3,0 

21,85 22,15 

11 x (6 x 225kN) 

L
2,0 2,1 2,1 2'1

2
,0 1,8 1 ,8 2'1

2
,0 1 ,8 1 ,8 2'1

2
,0 1 ,8 

16,8 ~ 16,9 ~ 16,9 ~ 16,9 ! 16,9 1 ____ 1_1 X_1_6,9 __ e>, 

Type 6 Locon10tive-hauled freight train 

rQ=14310kN V=100km/h L=333,10m q=43,OkN/m' 

B A ACe ABC A Ace B 
I . . . I 

6 x 225kN 2x 70kN 2x70kN 4 x225kl~ 2x70kN 4 x 225kl~ 
r--- r--- r---

I L I A I A I B I A I C I C I A I B I B L 
I I I 

2,1 4,4 2,1 1,9 6,5 1,9 6,5 1,8 12,8 1,8 6,5 1,6 8,0 1,6 

I I I I I I I I I I I I II I I III I III I I II 
2,0 2,1 2,1 2,0 1,9 1,9 1,8 1,8 1,9 1,9 1,8 1,8 

16,8 20,0 
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Type 7 Locoll1otive-hauled freight train 

L Q 'I0350kl\J V = 120km/h L 196,50m q 52,7kN/m' 

6 x 225kN 4 x 225kN 4 x 225kN 4 x 225kN 

IHI HHI IHI lHI {HI 
1,4 2,2 6,9 2,2 1,4 1,8 11,0 1,6 1,8 11,0 1,6 1,8 11,0 1,6 1,8 

II I I I I 1111 IIIII IIIII IIIII 

~2 
18,5 

21 17,8 1~ 17,8 

1,8 1,6 

~ 17,8 1~ 

TypeS Locomotive-hauled freight train 

L Q = 10350kN V = 100km/h L = 212,50m q 48,7kN/m' 

Type 9 Surburban multiple unit train 

L Q= 2960kN V = 120km/h L = 134,80m q = 22,OkN/m' 

4 x 130kN 

138 

4 x 225kN 

HI 6 x (4 x 225kN) 

11,0 1,6 

III 

17,8 1~ 6 x 17,8 J 

16 x (2 x 225kN) 



Type 10 Underground 

LQ 3600kN V=120km/h L 129,60m q=27,SkN/m' 

B A A 

(2) Heavy traffic with 250 kN axles 

Type 11 Locolnotive-hauled freight train 

LQ 113S0kN V=120km/h L=19S,SOm q=S7,2kN/m' 

Type 12 Locomotive-hauled freight train 

r Q 113S0kN V= 100km/h L= 212,SOm q S3,4kN/m' 

6 x 225kN 2 x 250kN 2 x 250kN 2 x 250kN 2 x 250kN 

'HI 1l1'R'R'R R 

B 
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B A 

7 x (4 x 250kN) 

16x (2 x 250kN) 
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(3) Traffic nlix: 

Table D.1 - Standard traffic mix with axles ~ 22,5 t (225 kN) 

Train type Nurrlber of Mass of train Traffic volume 
trains/day [t] [1 06t!year ] 

1 12 663 2,90 
2 12 530 2,32 
3 5 940 1,72 
4 5 510 0,93 
5 7 2160 5,52 
6 12 1431 6,27 
7 8 1035 3,02 
8 6 1035 2,27 

67 24,95 

Table D.2 - Heavy traffic mix with 25t (250 kN) axles 

Train type Number of Mass of train Traffic volume 
trains/day [t] [1 06t/year ] 

5 6 2160 4,73 
6 13 1431 6,79 
11 16 1135 6,63 
12 16 1135 6,63 

51 24,78 

Table D.3 - Light traffic mix with axles ~ 22,5 t (225 kN) 

Train type Number of Mass of train Traffic volume 
trains/day [t] [106t!year] 

1 10 663 2,4 
2 5 530 1,0 
5 2 2160 1,4 
9 190 296 20,5 

207 25,3 
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AnnexE 
(informative) 

Limits of validity of Load Model HSLM and the selection of the critical 
Universal Train from HSLM-A 

E.l Limits of validity of Load Model HSLM 

(1) Load Model HSLM is valid for passenger trains conforming to the following 
criteria: 

individual axle load P [kN] lilnited to 170 kN and for conventional trains also 
liInited to the value in accordance with Equation E.2, 
the distance D [m] corresponding to the length of the coach or to the distance 
between regularly repeating axles in accordance with Table E.1, 
the spacing of axles within a bogie, dBA [m] in accordance with: 

2,5 m ::; dBA ::; 3,5 m (E.l) 

for conventional trains the distance between the centres of bogies between adjacent 
vehicles dBS [nl] in accordance with Equation E.2, 
for regular trains with coaches with one axle per coach (e.g. Train type E in 
Appendix F2) the intermediate coach length DIC [m] and distance between adjacent 
axles across the coupling of two individual trainsets ec [m] in accordance with Table 

1, 
- DldBA and (dBS dBA)ldBA should not be close to an integer value, 

nlaximunl total weight of train of 10,000 kN, 
- lllaximUlll train length of 400 m, 

maxinlum unsprung axle mass of 2 tonnes, 

Table E.l - Limiting parameters for high speed passenger trains confornling to 
Load Model HSLM 

Type of train P D DIe ec 

[kN] [m] [nl] [m] 

Articulated 170 18 ::; D::; 27 -

Lesser of 1 70 or 
Conventional value corresponding 18::; D::; 27 -

to equation E.2 
below. 

Regular 170 10::; D ::; 14 8 ::; D lc ::; 11 7::;ec ::;10 

where: 
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4PCOS(1I d BS JCOS(1I d
BA)\ -::; 2P., COSr1I 

dHSUV1A J 
D D HSLMA D 

\ HSLMA 

where: 

(E.2) 

PHSUvlA, dHSLMA and DHSLMA are the parameters of the Universal Trains in accordance 
with Figure 6.12 and Table 6.3 corresponding to the coach length DHSLMA for: 
- a single Universal Train where DHSLMA equals the value of D, 
- two Universal Trains where D does not equal DHSLMA with DHSLMA taken as just greater 

than D and just less than D, 

and D, D IC, P, dBA, dBS and ec are defined as appropriate for articulated, conventional 
and regular trains in Figures E.1 to E.3: 

.t.t .t.t .t.t .t.t .t.t (P) 

WI c1 c1 II P 00 00 
II L D J 
d BA 

Figure El - Articulated train 

.t.t.t.t .t.t.t.t .t.t.t.t .t.t.t.t .t.t.t.t (~ 

Q 1L..-..r1l-. ---'--'-oo.......-.-.I~L..-..rOO-------'D--OO-J-'l~1 00"'--· --,"--"'--r"~"'-'-'1 .... 1 oo~·'-'--· ~(3IE).....-'--'It;f7 
d~ d M 

Figure E2 - Conventional train 

.t.t .t.t .t .t .t .t .t.t.t .t (P) 

I 
n ;It tD1C} D j 
d BA 

Figure E3 - Regular train 

(2) The point forces, dimensions and lengths of the Universal Trains defined in 6.4.6.1.1 
do not fonn part of the real vehicle specification unless referenced in E.1 (1). 

E.2 Selection of a Universal Train from HSLM-A 

(1) For sin1ply supported spans that exhibit only line beam dynamic behaviour and with 
a span of 7 n1 or greater a single Universal Train derived from the load model HSLM-A 
ITIay be Llsed for the dynamic analysis. 
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(2) The critical Universal Train is defined in E.2(5) as a function of: 

- the critical wavelength of excitation Ac [m] defined in E.2( 4) 

where the critical wavelength of excitation Ac is a function of: 

- the wavelength of excitation at the Maximum Design Speed Av [m] given in E.2(3), 
- the span of the bridge L [m], 
- the maximuln value of aggressivity A(u)c)Gu.) [kN/m] in the range of excitation 

wavelength froin 4,5 ill to L [m] given in E.2(4). 

(3) The wavelength of excitation at the Maximum Design Speed Av [m] is given by: 

Av = Vos Ino (E.3) 

where: 

no First natural frequency of the simply supported span [Hz] 
Vas Maximum Design Speed in accordance with 6A.6.2(1) [mJs] 

(4) The critical wavelength of excitation Ac should be determined from Figures EA to 
E.17 as the value of A corresponding to the maximum value of aggressivity A(u;.)GUc ) for 
the span of length L [In] in the range of excitation wavelength fro111 4,5 n1 to Av. 

Where the span of the deck does not correspond to the reference length L in figures EA 
to E.17, the two figures corresponding to the values of L taken as either just greater than 
the span or just less than the span of the deck should be taken into account. The critical 
wavelength of excitation Ac should be determined from the figure corresponding to the 
maximum aggressivity. Interpolation between the diagrams is not permitted. 

NOTE It can be seen from Figures E.4 to E.17 that in many cases /Lc = /Lv but in some cases /Lc 
corresponds to a peak value of aggressivity at a value of /L less than /Lv. (For example in Figure E.4 for /Lv 
= 17m, /Lc = 13m) 
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E 
Z 800 
2S 

2: 600 
C!) 

~ 400 
<::C 

200 

o 

h ~ ~ 
1"-h ~ ~ ..... ~. 

~ ~ ... t..J~ 1\ 4~ I 

r~ u II \ 
J,fW ",- II 

\. ~~ 

• I~ o 5 10 15 20 25 30 

Jo[m] 

Figure E.4 - Aggressivity A (LlA)G(A) as a function of excitation wavelength A for 
a simply supported span of L = 7,5 m and danlping ratio S = 0.01 
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Figure E.5 - Aggressivity A (LI,,-)GO .. ) as a function of excitation wavelength A for 
a simply supported span of L = 10,0 m and damping ratio C; = 0.01 
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Figure E.6 - Aggressivity A (LI,,-}GO.) as a function of excitation wavelength A for 
a simply supported span of L = 12,5 m and damping ratio C; = 0.01 
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Figure E.7 - Aggressivity A (LI, .. )GO.) as a function of excitation wavelength A for 
a simply supported span of L = 15,0 nl and danlPing ratio 0.01 
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Figure E.8 - Aggressivity A (LlA)G(A') as a function of excitation wavelength 2 for 
a simply supported span of L = 17,5 m and damping ratio r;; = 0.01 
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Figure E.9 - Aggressivity A (L/A)G(A) as a function of excitation wavelength 2 for 
a simply supported span of L = 20,0 m and damping ratio t; = 0.01 
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Figure E.10 - Aggressivity A (LlA)G(A) as a function of excitation wavelength 2 
for a simply supported span of L = 22,5 m and danlping ratio 0.01 
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Figure E.ll - Aggressivity A (Llfv)G(A) as a function of excitation wavelength A 
for a simply supported span of L = 25,0 m and damping ratio 0.01 
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Figure E.12 - Aggressivity A(LlA)G(A) as a function of excitation wavelength A 
for a simply supported span of L = 27,5 m and damping ratio t;= 0.01 
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Figure E.13 - Aggressivity A (LlA)G(A) as a function of excitation wavelength A 
for a simply supported span of L = 30,0 m and damping ratio t; = 0.01 
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Figure E.14 - Aggressivity A(LlI.)GO.) as a function of excitation wavelength /L 
for a simply supported span of L = 32,5 nl and damping ratio r; = 0.01 
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Figure E.1S - Aggressivity A (ljA)GO.) as a function of excitation wavelength /L 
for a simply supported span of L = 35,0 m and damping ratio r; = 0.01 

90 

80 

:[ 
70 

Z 60 
=:, 
~ 

50 

(.') 40 

~ 30 
"( 

20 

10 

/~ 
I I i )~ 

• \ 
4 

\ 
\ )f"1 \ 

.1 1\ L 1\. 
J"-r, I , 

4 

-- , V t IT \ ) ~ I , 
I .. ., ~ r ~ ~. \V I o o 5 10 15 20 25 30 

A[m] 

Figure E.16 - Aggressivity A(LlA)G(A) as a function of excitation wavelength /L 
for a simply supported span of L = 37,5 m and damping ratio 0.01 
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Figure E.17 - Aggressivity A(LlA)Gp.) as a function of excitation wavelength A 
for a simply supported span of L = 40,0 m and danlping ratio S = 0.01 

(5) The critical Universal Train in HSLM-A is defined in Figure E.18: 
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Figure E.18 - Paranleters defining critical Universal Train in HSLM-A as a 
function of critical wavelength of excitation Ac [m] 

NOTE For values of ~ Ac @il < 7 m it is recommended that the dynamic analysis is carried out with 
Universal Trains A 1 to Al 0 inclusive in accordance with Table 6.3. 

Where: 

D Length of intern1ediate and end coaches defined in Figure 6.12 [m] 
d Spacing of bogie axles for intermediate and end coaches defined in Figure 6.12 

[In] 
N Number of intermediate coaches defined in Figure 6.12 
Pk Point force at each axle position in intermediate and end coaches and in each 

power car as defined in Figure 6.12 [kN] 
AC Critical wavelength of excitation given in E.2( 4) [ITl] 

(6) Alternatively the aggressivity A(U?v)G(A) [kN/m] is defined by equations E.4 and E.5: 
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where i is taken froln 0 to (M-I) to cover all sub-trains including the whole train and: 

L Span [m] 
M Number of point forces in train 
P k Load on axle k [kN] 
Xi Length of sub-train consisting of i axles 
Xk Distance of point force Pk froln first point force Po in train [In] 
/L Wavelength of excitation [In] 
t; Damping ratio 
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AnnexF 
(inforn1ative) 

Criteria to be satisfied if a dynamic analysis is not required 

NOTE Annex F is not valid for Load Model HSLM (Annex F is valid for the trains given in F(4)). 

(l) For silnply supported structures satisfying the maximum value of (v/nO)lim given in 
Tables F.l and F.2: 
- the n1aximun1 dynan1ic load effects (stresses, deflections etc.) and 
- the fatigue loading at high speeds (except where the Frequent Operating Speed 

corresponds to a Resonant Speed and in such cases a specific dynamic analysis and 
fatigue check should be carried out in accordance with 6.4.6) 

do not exceed the values due to ([J2 x Load Model 71 and no further dynamic analysis is 
necessary and 
- the maximum deck acceleration is less than either 3.50mls2 or 5,Om/s2 as 

appropriate. 

Table F.1 - MaxiInum value of (VIIlO)lim for a simply supported beam or slab and a 
nlaximum permitted acceleration of a max< 3.50mls2

• 

Mass In 25,0 27,0 29,0 210,0 213,0 215,0 218,0 220,0 225,0 230,0 240,0 250,0 
103 kg/m <7,0 <9,0 <10,0 <13,0 <15,0 <18,0 <20,0 <25,0 <30,0 <40,0 <50,0 -

Span LE t; villa villa villa viII 0 vlno villa vll10 villa villa vll10 villa villa 

m a % m m m m m m m m m m m m 

[5,00,7,50) 2 1,71 1,78 1,88 1,88 1,93 1,93 2,13 2,13 3,08 3,08 3,54 3,59 
4 1,71 1,83 1,93 1,93 2,13 2,24 3,03 3,08 3,38 3,54 4,31 4,31 

[7,50, J 0,0) 2 1,94 2,08 2,64 2,64 2,77 2,77 3,06 5,00 5,14 5,20 5,35 5,42 
4 2,15 2,64 2,77 2,98 4,93 5,00 5,14 5,21 5,35 5,62 6,39 6,53 

I: 1 0,0, 12,5) 1 2,40 2,50 2,50 2,50 2,71 6,15 6,25 6,36 6,36 6,45 6,45 6,57 
2 2,50 2,71 2,71 5,83 6,15 6,25 6,36 6,36 6,45 6,45 7,19 7,29 

[12,5,15,0) 1 2,50 2,50 3,58 3,58 5,24 5,24 5,36 5,36 7,86 9,14 9,14 9,14 
2 3,45 5,12 5,24 5,24 5,36 5,36 7,86 8,22 9,53 9,76 10,36 10,48 

[15,0,17,5) J 3,00 5,33 5,33 5,33 6,33 6,33 6,50 6,50 6,50 7,80 7,80 7,80 
2 5,33 5,33 6,33 6,33 6,50 6,50 10,17 10,33 10,33 10,50 10,67 12,40 

[17,5,20,0) I 3,50 6,33 6,33 6,33 6,50 6,50 7,17 7,17 10,67 12,80 12,80 12,80 
[20,0,25,0) I 5,21 5,21 5,42 7,08 7,50 7,50 13,54 13,54 13,96 14,17 14,38 14,38 
[25,0,30,0) 1 6,25 6,46 6,46 ]0,2] 10,21 10,21 10,63 10,63 12,75 12,75 12,75 12,75 
[30,0,40,0) I 10,56 18,33 18,33 18,61 18,61 18,89 19,17 19,17 19,17 

240,0 I 14,73 15,00 15,56 15,56 15,83 18,33 18,33 18,33 18,33 

il L E [a,b) means a s L < b 

NOTE 1 Table F.l includes a safety factor of 1.2 on (VIIlO)lilll for acceleration, deflection and strength criteria and 
a safety factor of 1,0 on the (vlnO)lilll for fatigue. 

NOTE 2 Table F.1 includes an allowance of (1 +q:>" /2) for track irregularities. 
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Table F.2 - Maximulll value of (vlno)lim for a simply supported beam or slab and a 
maximunl permitted acceleration of amax< 5.0 m/s2 

Mass In 

103 kalm e 

Span LE 
rna 

[5,00,7,50) 

[7,50, 10,0) 

[17,5,20,0) 
[20,0,25,0) 
[25,0,30,0) 
[30,0,40,0) 

;::40,0 

:2:5,0 
<7~0 

; Villo 
rn 

9,0 
10\0 

rn m 

1,88 1,93 
1,93 2,13 
2,64 2,78 
2,98 

:2:10,0 
<13~0 

vlno Villa 
rn rn 

2.13 2,13 
3,08 3,]3 
3,06 5,07 
5,14 5,21 
6,25 6,36 
6,36 6,46 
5,36 5,36 
7.86 8,22 

6,50 
10,33 

18,33 18,33 18,33 

vlno 
rn 

NOTE I Table F.2 includes a safety factor of 1.2 on (v!nO)lim for acceleration, del1ection and strength criteria and 
a factor of 1,0 on the (vlnO)lim for fatigue. 

NOTE 2 Table F.2 include an allowance of (1 +tp" 12) for track irregularities. 

where: 

L is the span length of bridfe [m], 
In is the mass of bridge [10' kg/m] , 
C; is the percentage of critical danlping in [%], 
v is the Maximum Nominal Speed and is generally the MaximUlll Line Speed at 

the site. A reduced speed may be used for checking individual Real for 
their associated Maximum Permitted Vehicle Speed [In/S], 

no is the first natural frequency of the span [Hz]. 
~ and qf' are defined in 6.4.5.2 and annex C. 

(2) Tables P.I and P.2 are vaJid for: 
- simply supported bridges with insignificant skew effects that 111ay be modelJed as a 

Jine beam or slab on rigid supports. Tables P.I and P.2 are not applicable to half 
through and truss bridges with shallow floors or other complex structures that may 
not be adequately represented by a line beam or slab, 
bridges where the track and depth of the stlucture to the neutral axis froll1 the top of 
the deck is sufficient to distribute point axle loads over a distance of at least 2,50 m, 
the Train Types listed in F(4), 
structures designed for characteristic values of vertical loads or classified vertical 
loads with a ~ 1 in accordance with 6.3.2, 
carefulJy maintained track, 
spans with a natural frequency no less than the upper limit in Figure 6.10, 
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- structures with torsional frequencies lIT satisfying: nT > 1.2 x no 

(3) Where the above criteria are not satisfied a dynamic analysis should be carried out in 
accordance with 6.4.6. 

(4) The following Real Trains were used in the development of the criteria in 6.4 and 
annex F (except Load Model HSLM which is based upon the train types permitted by 
the relevant interoperability criteria). 

Type A 

E 0 6936kN V = 350km/h L 350.52m q 19,8kN/m' 

4x 195kN 4 x 112kN 4 x 112kN 

9x (4~12kN) 
4 x 112kN 4 x 195kN 

!l llill HIH HI IH Hill H 
3,0 3,0 2,45 16,5 2,5 2,45 16,5 2,5 2,45 16,5 2,45 3,0 3,0 

I I I I I I I I II I I I I I H I I I I I II I I I ;;. 

8,46 2,4 2,5 2,45 2,5 2,45 2,5 2,5 2,4 8,46 

26,40 26,40 9 x 26,40 26,40 

TypeB 

EO 8784kN V 350km/h L = 393,34m q 22,3kN/m' 

3,0 3,0 3,0 15,7 1,5 15,7 15,7 3,0 3,0 11.0 3,0 3,5 110 3,0 3,0 15,7 1,5 15,7 1,5 15.7 3,0 3,0 3,0 

II "III III I 11111 IIIII III" III \ III 11111 II 
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TypeC 

IO=8160kN V 350km/h L 386,67m q=21,1kN/m' 

zz zz 
.:£-'C: .:£-'C: 
00 

BS EN 1991-2:2003 
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:::J::::J --.1--.1 

f2f2 ~~ ~~ r- r- 3x 170kN 

HX~;1m~H 
3 x 170kN 3x 170kN 

H7XI2;m~111 
3x 17QkN zz zz 

H IHI IHI IHI H 
3,0 3,0 3,0 15,7 1,5 15,7 1,5 15,7 3,0 3,0 15,7 1,5 15,7 1,5 15,7 3,0 3,0 

I I I III I III i .. III I III I III i .. III I III I I I 
11,0 1,651,65 1,5 1,5 1,751,75 1,5 1,5 1,651,65 11,0 

21,95 

TypeD 

I Q 6296kN V = 350km/h L = 295,70m q 21,3kN/m' 

4x 187kN 4x 120kN 

H Hill HI 
4 x 120kN 4 x 187kN 

III Hill H 8x (4~20kN) 

3,0 3,0 2,1 16,0 2,1 2,1 16,0 2,1 3,0 3,0 

I I I III I I II » I I I I I II I I I 
9,0 2,3 3,0 3,0 3,0 3,0 2,3 9,0 

26,2 8 x 26,2 26,2 

TypeE 

I 0 6800kN V 350km/h L 356,05m q = 19,1 kN/m' 

~~ ~~ ~ 10x170kN ~ ~~ ~~ ~~ ~~ ~ 10x170kN ~ ~~ ~~ 

Hn!l~!nnnn!r1!nH 
2,65 2,65 8,97 13,14 8,97 2,65 2,65 2,65 2,65 8,97 13,14 8,97 2.65 2,65 

I I I I I t: If I I I I I I I I I ~ ;;: I I I I I 
8,35 5,48 5,48 8,35 7,15 8,35 5,48 5,48 8,35 

b 28,1 ~ 63,34 ~ 28,1 J 
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TypeF 

r Q 7480kN V = 350km/h L 258,70m q 28,9kl\JIm' 

4 x 170kN 4 x 170kN 7 x (4 x 170kN) 4 x 170kN 

H HIH IHI ~ IHI 
2,7 14,3 2,7 2,1 14,3 2,7 2,1 14,3 2,7 2,1 14,3 

I I I " I I I III I . I III I ) 

2,1 2,7 2,1 2,7 2,1 2.7 

~ 21,8 ~ 23,9 ~ 7 x 23,9 ~ 23,9 
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AnnexG 
(informative) 

Method for determining the combined response of a structure and 
track to variable actions 

G.l Introduction 

(1) A Inethod for detennining the cOInbined response of a structure and track to variabJe 
actions is given below for: 

siInply supported or continuous structures consisting of a single bridge deck (G3), 
- structures consisting of a succession of simply supported decks (G4), 
- structures consisting of a succession of continuous single piece decks (G4). 

(2) In each case requirements are given for: 
- detern1ining the maximum pern1issible expansion length LTP which corresponds to 

the maximUlll permissible additional rail stresses given in 6.5.4.5.1(1) or the 
maxin1um permissible deformation of the structure given in 6.5.4.5.2(1) due to 
traction and braking and 6.5.4.5.2(2) due to vertical traffic actions. Where the 
proposed expansion length LT exceeds the penllissible expansion length LTP, rail 
expansion devices should be provided or a more refined calculation in accordance 
with the requirements of 6.5.4.1 to 6.5.4.5 carried out. 
detern1ining the longitudinal actions on the fixed bearings due to: 
- traction and braking, 
- temperature variation, 
- end rotation of deck due to vertical traffic loads 

(3) In all cases a separate check should be Illade for cOlllpliance with the maxiIlluill 
vertical displacement of the upper surface of a deck given in 6.5.4.5.2(3). 

G.2 Limits of validity of calculation method 

(1) Track construction: 
UIe 60 rail with a tensile strength of at least 900 NhllI112, 

- heavy concrete sleepers with a maxiIllun1 spacing of 65cn1 or equivalent track 
construction, 

- at least 30 cn1 of well consolidated ballast under the sleepers, 
- straight track or track radius r z 1500 m. 

(2) Bridge configuration: 
expansion length LT : 

- for steel structures: LT S 60 In, 
for concrete and composite structures: LT S 90 m. 

(3) Longitudinal plastic shear resistance k of the track: 
unloaded track: k = 20 to 40 kN per m of track, 

- loaded track: k = 60 kN per 111 of track. 
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(4) Vertical traffic loading: 
Load Model 71 (and where required Load Model SW/O) with a = 1 in accordance with 
6.3.2(3), 

- Load Model SW/2, 

NOTE The method is valid for values of a where the load effects from a x LM7I are less than or equal 
to the load effects from SW/2. 

(5) Actions due to braking: 
for Load Model 71 (and where required Load Model SW/O) and Load Model 
HSLM: 
qlbk = 20 kNlm, limited to a maximum of Qlbk = 6000 kN, 
for Load Model SW 12: 
qJbk = 35 kN/n1. 

(6) Actions due to traction: 
- qJak = kNlm, limited to a maximum of Qlak = 1000 kN. 

(7) Actions due to temperature: 
Telnperature variation I1TD of the deck: I1TD :s; 35 Kelvin, 
Ten1perature variation I1TR of the rail: I1TR :s; 50 Kelvin, 
MaxilTIUn1 difference in telnperature between rail and deck: 

II1TD -I1TR I :S;20Kelvin. (G.1) 

G.3 Structures consisting of a single bridge deck 

(1) Initially the following values should be determined neglecting the combined 
response of the structure and track to variable actions: 

expansion length LT and check LT :s; max LT according to G.2(2) and Figure 6.17, 
stiffness K of substructures per track according to 6.5.4.2, 
longitudinal displacement of the upper edge of the deck due to deformation of the 
deck: 

(5 = eH [n1n1] (G.2) 

where: 

e Rotation of the deck end [rad] , 
H height between (horizontal) axis of rotation of the (fixed) bearing and the 

surface of the deck [n1n1], 

(2) For the couples of values (unloaded/loaded track) of the longitudinal plastic shear 
resistance of the track k = 20/60 kN per m of track and k=40/60 kN per m of track and 
the linear temperature coefficient aT 10E-6 lIKelvin or aT = 12E-6 lIKelvin the 
maXimUI11 pern1issible expansion length LTP [m] is given in Figure G.l to G.4 as 
appropriate. 
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Where the point (LT ,6) describing the expansion length of the deck and longitudinal 
displacement of the deck end due to vertical traffic actions lies below the corresponding 
or interpolated curve corresponding to the longitudinal stiffness of the substructure K, 
the lnaximum pennissible additional rail stresses given in 6.5.4.5.1(1) and the D1aximum 
permissible deformation of the structure given in 6.5.4.5.2(1) due to traction and 
braking and 6.5.4.5.2(2) due to vertical traffic actions are satisfied. 

Alternatively, if this condition is not met an analysis may be carried out in accordance 
with the requirelnents of 6.5.4.2 to 6.5.4.5 or rail expansion devices should be provided. 
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(1) Maximum permissible expansion Length LTP [m] 
k longitudinal plastic shear resistance of the track [kN per m of track] : 

for unloaded tracks: 
k20 20 kN per m of track and k40 = 40 kN per m of track, 

for loaded tracks: 
kGO = 60 kN per m of track, 

-- ------.--.-- --. --'--
6 7 8 

K stiffness of substructure per track per m of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 
K2 = 2E3 kN/m 
Ks 5E3 kN/m 
K20 = 20E3 kN/m 

aT linear temperature coefficient [lIKelvin], 

5( BH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.l - Permissible domain for rail stresses in simply supported deck bridges 
for aT = lOE-6 [l/Kelvin], /j.T 35 [Kelvin], k201k6o = 20/60 [kN/m] 
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(1) Maximum permissible expansion Length LTP [m] 

k longitudinal plastic shear resistance of the track [kN per III of track] : 
for unloaded tracks: 

= 20 kN per m of track and k.w 40 kN per m of track, 
for loaded tracks: 

k60 60 kN per m of track, 

6 7 8 

K stiffness of substructure per track per III of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 

= 2E3 kN/m 
= SE3 kN/m 

K20 20E3 kN/m 

aT Ii near temperature coefficient [lIKelvin], 

a:: eH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.2 - Pernlissible domain for rail stresses in simply supported deck bridges 
for aT = 10E-6 [l/Kelvin], b:.T = 3S [Kelvin], k40lk60 = 40160 [kN/m] 
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(J) Maximum permissible expansion Length LTP Em] 

k longitudinal plastic shear resistance of the track [kN per m of track] : 
for unloaded tracks: 

20 kN per m of track and k40 = 40 kN per m of 
for loaded tracks: 

k60 = 60 kN per m of track, 

. --.--. 
6 7 8 

K stiffness of substructure per track per m of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 
K2 = 2E3 kN/m 
Ks = 5E3 kN/m 
K20 20E3 kN/m 

aT linear temperature coefficient [IIKelvin], 

b'( eH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.3 - Permissible domain for rail stresses in sinlply supported deck bridges 
for aT = 12E-6 [l/Kelvin], !::iT = 35 [Kelvin], k201k6o = 20/60 [kN/mJ 
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Key 
(I) Maximum permissible expansion Length LTP [m] 

k longitudinal plastic shear resistance of the track [kN per m of track] : 
for unloaded tracks: 

k20 = 20 kN per m of track and kw = 40 kN per m of track, 
for loaded tracks: 

k60 = 60 kN per m of track, 

K stiffness of substructure per track per m of deck (i.e. substructure stiffness divided by the number 
of tracks and by the deck length) [kN/m]: 
K2 = 2E3 kN/m 
Ks = 5E3 kN/m 
K20 = 20E3 kN/m 

aT linear temperature coefficient [lIKelvin], 

J( BH) horizontal displacement of the upper deck edge due to end rotation [mm]. 

Figure G.4 - Permissible domain for rail stresses in simply supported deck bridges 
for aT = 12E-6 [l/Kelvin], I1T = 35 [Kelvin], k401k6o = 40/60 [kN/nl] 

(3) Actions in the longitudinal bridge direction on the (fixed) bearings due to traction and 
braking, to tenlperature variation and due to the deformation of the deck under vertical 
traffic loads should be detennined with the formulae given in Table G.l. The formulae are 
valid for one track. For two or more tracks with a support stiffness of Ku the actions on 
the fixed bearings may be determined by assuming a support stiffness of K = Ku 12 and 
multiplying the results of the formulae for one track by 2. 

160 



T bl G 1 A f a e . - C Ions on th fi db e Ixe · I eanngs In 

BS EN 1991-2:2003 
EN 1991-2:2003 (E) 

't d' I b"d d' f ongl U Ina n ge Irec Ion a 

Load case Linlits of validity Continuous welded rails 
With one rail expansion 

device 

L;:::: 50 m d 82.10-3 x LO.9 X K 0,4 b 2,26 X L',I x KO. 1 b 

Brakinge 
L ~ 30 nl d 126.10-3 x LO,9 x K°,4 3,51 x LI,I x KO'! 

800 + 0,5L + 0,01 K/L C 

for L > 60 m 

Temperature 
20 ~ k [kN/m] ~ 40 (0,34 + 0,013k)Lo.95 x K Q

,15 C 20 L for L < 40111 

Interpolated values for 
40<L<60m 

Deck bridge 0,11Lo,22 x ~,5 x (1,1-13) x e!f,86 SaIne as continuous 
End rotation welded rail 

Through and half 0, 11Lo,22 x ~,5 x (1,1-13) x eH Same as continuous 
through bridge welded rail 

a Where rail expansion devices are provided at both ends of the deck all the traction and braking forces are resisted by the 
fixed bearings. Actions on the fixed bearings due to temperature variation and end rotation due to vertical deflection depend 
upon the structural configuration and associated expansion lengths. 
b The braking force applied to the fixed bearings is limited to a maximum of 6000 kN per track. 

The force applied to the fixed bearings due to temperature is subject to a limit of ] 340 kN where rail expansion devices are 
provided to all rails at one end of the deck. 
d For values of L in the range 30 < L < 50 m linear interpolation may be used to estimate braking effects. 

The formulae for braking take into account the effects of traction. 

where: 

K is the support stiffness as defined above [kN/m], 
L depends upon the structural configuration and type of variable action as follows 

[m]: 
- For a simply supported deck with fixed bearing at one end: 

L=LT, 

- For a multiple span continuous deck with a fixed bearing at one end: 
for "Braking": 

L = LOeck (total length of the deck), 
for "Temperature": 

L=LT , 

for "End rotation due to vertical traffic loads": 
L = length of the span next to the fixed bearing, 

For a l11ultiple span continuous deck with a fixed bearing at an intermediate 
position: 
for "Braking": 

L = LOeck (total length of the deck), 
for "Temperature": 

the actions due to temperature variation can be detern1ined as the 
algebraic sum of the support reactions of the two static arrangenlents 
obtained by dividing the deck at the fixed bearing section, each deck 
having the fixed bearing at the intern1ediate support, 
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for "End rotation due to vertical traffic loads": 
L = length of the longest span at the fixed support, 

fJ is the ratio of the distance between the neutral axis and the surface of the deck 
relative to the height H [ratio]. 

G.4 Structures consisting of a succession of decks 

(1) In addition to the limits of validity given in G.3 the following limits of validity are 
applicable: 
- the track on the bridge and for at least 100 m on the embanknlents at both sides 

consists of continuous welded rail without an expansion device, 
all the decks have the sa111e static arrangement (fixed support at the same end and 
not on the same pier), 
one fixed bearing is situated on an abutment, 
the length of each deck does not differ more than 20% froI11 the average value of 
deck length, 
the expansion length LT of each deck is less than 30m if /j,To = 35 Kelvin, or less 
than 60 m if /j,T 0 = 20 Kelvin and there is negligible possibility of frozen ballast. (If 
the Inaximum temperature variation of the decks is intermediate between 20 Kelvin 
and 35 Kelvin, with negligible possibility of frozen ballast, the Inaximum linlit to Lr 
may be interpolated between 30 m and 60 In), 
the stiffness of the fixed supports is greater than 2E3 x LT [m] [KN/m of track per 
track] for LT = 30 111 and 3E3 x LT [m] [kN/m of track per track] for LT = 60 In 
multiplied by the nunlber of tracks, where LT is in [m], 
the stiffness of each fixed support (with the exception of the fixed support at the 
abut111ent) does not differ more than 40% from the average value of the support 
stiffness, 
the Inaxinlum longitudinal displacement, due to deformation of the deck at the top 
of the slab supporting the track of the deck end with reference to the adjacent 
abutment, evaluated without taking into account the combined response of structure 
and track to variable loads, is less than 10 mm, 
the sun1 of the absolute displacements, due to deforn1ation of the deck at the top of 
the slab supporting the track, of two consecutive deck-ends, evaluated without 
taking into account the combined response of structure and track to variable loads, is 
less than 15 111m. 

(2) The longitudinal support reactions FLj due to temperature variations, traction and 
braking and deformation of the deck may be determined as follows: 

Actions FLO on the fixed bearing (j = 0) on the abutment: 

- due to tenlperature variation: 
FLO (/j,T) determined by assuming a single deck with the length Ll of the first deck. 

- due to braking and acceleration: 
FLO = K 'qlbk (qlak) . Ll (G3) 

where: 

K = 1 if the stiffness of the abutn1ent is the same as that of the piers, 
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K = 1,5 if the stiffness of the abutn1ent is at least five tin1es greater than that of 
the piers, 

K n1ay be interpolated for intermediate stiffness, 
qluk. qlbk actions due to traction and braking according to clause 0.2(5) 

and G.2(6), 

LJ [m]length of the deck connected to the fixed support. 

- due to deformation of the deck: 

(GA) 

detern1ined in accordance with G.3 for single deck bridges where 8H is in [mm]. 

Finally, the actions on the fixed bearings on the piers should be determined in 
accordance with Table G.2. 

Table G.2 - Formulae for the calculation of bearing reactions for a succession of 
decks 

Support Temperature variation Traction/Braking Deformation of the 
j= 0 ... n FLi (11T) FL.i (qd deck 

FLi (8H) 
Abutment with first 

fixed bearing FLO (11T) FLO (qd = K qL Lo FLO (8H) 
j=O 

First pier 
j=l FLJ (I1T) = 0,2 FLO (11T) FL2 (qd = qL LJ FLJ (8H) = 0 

Intennediate piers 
j = n1 FLm (11T) = 0 F Lm (qL) = qL LIll FLm (8H) = 0 

(n-1 )th pier 
j = (n-1) FL(n-l) (11T) = 0,1 FLO (11T) FL(n-l) (q,J = qL L(n-I) F Un-I) ( BH) = 0 
(n)th pier 

J=n F Ln (11T) = 0,5 FLO (11T) F Ln (qd = qL Ln F Ln (8H) = 0,5 FLO 
(BH) 

NOTE 1 The formulae for braking take into account the effects of traction. 

NOTE 2 The braking force applied to the fixed bearings is limited to a maximum of 6000 kN per track. 

NOTE 3 The force applied to the fixed bearings due to temperature is subject to a limit of 1340 kN where 
one rail expansion device is provided. 
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AnnexH 
(infornlati ve) 

Load models for rail traffic loads in Transient Design Situations 

(l) When carrying out design checks for Transient Design Situations due to track or bridge 
maintenance, the characteristic values of Load Model 71, SW/O, SW/2, "unloaded train" 
and HSLM and associated rail traffic actions should be taken equal to the characteristic 
values of the corresponding loading given in Section 6 for the Persistent Design Situation. 

**************************************** 
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Foreword 

This European Standard (EN 1991-3:2006) has been prepared by Technical 
Committee CEN/TC 250 "Structural Eurocodes", the secretariat of which is held by BSI. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

This European Standard supersedes ENV 1991-5:1998. 

This European Standard shall be given the status of a national standard, either by 
publication of an identical text or by endorsement, at the latest by October 2006, and 
conflicting national standards shall be withdrawn at the latest by March 2010. 

According to the CEN/CENELEC Internal Regulations, the national standards 
organizations of the following countIies are bound to implement this European 
Standard: Austria, Belgiunl, Cyprus, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, 
Luxenlbourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, 
Spain, Sweden, Switzerland and the United Kingdom. 

Background of the Eurocode programme 

In 1975, the COllllnission of the European Con1ffiunity decided on an action progrmnme 
in the field of construction, based on article 95 of the Treaty. The objective of the 
progranlme was the elimination of technical obstacles to trade and the hannonisation of 
technical specifications. 

Within this action programlne, the Commission took the initiative to establish a set of 
hmmonised technical rules for the design of construction works which, in a first stage, 
would serve as an alternative to the national rules in force in the Member States and, 
ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering COlnlnittee with 
Representatives of Member States, conducted the development of the Eurocodes 
progranune, which led to the first generation of European codes in the 1980s. 

In 1989, the Commission and the Member States of the EU and EFTA decided, on the 
basis of an agreement) between the Commission and CEN, to transfer the preparation 
and the publication of the Eurocodes to the CEN through a series of Mandates, in order 
to provide them with a future status of European Standard (EN). This links de facto the 
Eurocodes with the provisions of all the Council's Directives and/or Conl1nission's 
Decisions dealing with European standards (e.g. the Council Directive 89/106/EEC on 
construction products CPD - and Council Directives 93/37/EEC, 92/50/EEC and 
89/440/EEC on public works and services and equivalent EFTA Directives initiated in 
pursuit of setting up the internallnarket). 

1 Agreement between (he Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning (he work on EUROCODES for the design of building and civil engineering works (BC/CEN/03/89). 
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The Structural Eurocode programme comprises the following standards generally 
consisting of a number of Parts: 

EN 1990 Eurocode: Basis of Structural Design 

EN 1991 Eurocode 1: Actions on structures 

EN 1992 Eurocode 2: Design of concrete structures 

EN 1993 Eurocode 3: Design of steel structures 

EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of timber structures 

EN 1996 Eurocode 6: Design of Inasonry structures 

EN 1997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for eatthquake resistance 

EN 1999 Eurocode 9: Design of aluminium structures 

Eurocode standards recognise the responsibiJity of regulatory authorities in each 
Meinber State and have safeguarded their right to determine values related to regulatory 
safety matters at national level where these continue to vary from State to State. 

Status and field of application of Eurocodes 

The Meinber States of the EU and EFTA recognise that Eurocodes serve as reference 
documents for the following purposes: 

as a means to prove compliance of building and civil engineering works with the 
essential requirelnents of Council Directive 89!106/EEC, particularly Essential 
Requirement N° 1 - Mechanical resistance and stability - and Essential Requirelnent 
N°2 - Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering 
services; 

as a framework for drawing up hat'monised technical specifications for construction 
products (ENs and ETAs) 

The Eurocodes, as far as they concern the construction works themselves, have a direct 
relationship with the Interpretative Documents2 referred to in Article 12 of the CPD, 
although they are of a different nature froin harmonised product standards3

. Therefore, 
technical aspects arising froin the Eurocodes work need to be adequately considered by 
CEN Technical COInn1ittees and/or EOT A Working Groups working on product 

') 

- According to Art. 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative documents for 
the creation of the necessary links between the essential requirements and the mandates for harmonised ENs and ET AGs/ETAs. 

3 According to Art. 12 of tile CPD the interpretative documents shall : 

a) give concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes or levels 
for each requirement where necessary; 

b) indkate methods of correlating these classes or levels of requirement with the technical specifications, methods of calculation ancl of 
proof, technical rules for project design, etc. ; 

c) as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes, de jacio, playa similar role in the field of the ER I and a part of ER 2. 
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standards with a view to achieving full compatibility of these technical specifications 
with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use for 
the design of whole structures and component products of both a traditional and an 
innovative nature. Unusual fOnTIS of construction or design conditions are not 
specifically covered and additional expert consideration will be required by the designer 
in such cases. 

National Standards implementing Eurocodes 

The National Standards ilnplelnenting Eurocodes will cOlnprise the full text of the 
Eurocode (including any annexes), as published by CEN, which may be preceded by a 
National title page and National foreword, and may be followed by a National annex. 

The National annex may only contain information on those paralneters which are left 
open in the Eurocode for national choice, known as National1y Determined Parameters, 
to be used for the design of buildings and civil engineering works to be constructed in 
the country concerned, i.e. : 

values and/or classes where alternatives are given in the Eurocode, 

values to be used where a syn1bol only is given in the Eurocode, 

country specific data (geographical, climatic, etc.), e.g. snow map, 

the procedure to be used where alternative procedures are given in the Eurocode. 

It lnay also contain: 

decisions on the application of informative annexes, 

references to non-contradictory cOlnplementary infonnation to assist the user to 
apply the Eurocode. 

Links between Eurocodes and harmonised technical specifications (ENs and 
ET As) for products 

There is a need for consistency between the harmonised technical specifications for 
construction products and the technical rules for works4. FurthelIDore, all the 
infonnation accompanying the CE Marking of the construction products which refer to 
Eurocodes should clearly mention which Nationally Determined Parameters have been 
taken into account. 

Additional information specific for EN 1991-3 

EN 1991-3 gives design guidance and actions for the structural design of buildings and 
civil engineering works, including the following aspects: 

actions induced by cranes, and 

actions induced by machinery. 

EN 1991-3 is intended for clients, designers, contractors and public authorities. 

4 see Art.3.3 and Art. 12 of the CPO, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of TO 1. 
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EN 1991-3 is intended to be used with EN 1990, the other Parts of EN 1991 and EN 
1992 to EN 1999 for the design of structures. 

National annex for EN 1991-3 

This Standard gives alternative procedures, values and recomlnendations for classes 
with notes indicating where national choices have to be made. Therefore the National 
Standard implelnenting EN 1991-3 should have a National Annex containing all 
Nationally Detennined Parameters to be used for the design of Inembers to be 
constructed in the relevant country. 

National choice is allowed in EN 1991-3 through the following paragraphs: 

Paragraph Itent 

2.1 (2) Procedure when actions are given by the crane supplier 

2.5.2.1 (2) Eccentricity of wheel loads 

2.5.3 (2) Maximun1 nUluber of cranes to be considered in the n10st 
unfavourable position 

2.7.3 (3) Value of friction factor 

A2.2 (1) Definition of yvalues for cases STR and OEO 

A2.2 (2) Definition of yvalues for case EQU 

A2.3 (1) Definition of Vf-values 
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Section 1 General 

1.1 Scope 

(1) Part 3 of EN 1991 specifies imposed loads (models and representative values) 
associated with cranes on runway beams and stationary Inachines which include, when 
relevant, dynamic effects and braking, acceleration and accidental forces. 

(2) Section 1 defines common definitions and notations. 

(3) Section 2 specifies actions induced by cranes on runways. 

(4) Section 3 specifies actions induced by stationary machines. 

1.2 Normative References 

This European Standard incorporates by dated or undated reference provisions from 
other publications. These nOlmative references are cited at the appropriate places in the 
text and the publications are listed hereafter. For dated subsequent 
amendments to, or revisions of, any of these publications apply to this European Stan
dard only when incorporated in it by amendment or revision. For undated the 
latest edition of the publication referred to applies (including atnendments). 

ISO 3898 Basis of design of structures Notations. General symbols 

ISO 2394 General principles on reliability for structures 

ISO 8930 General principles on reliability for structures. List of equivalent terms 

EN 1990 

EN 13001-1 

EN 13001-2 

EN 1993-1-9 

1993-6 

Eurocode: Basis of Structural Design 

Cranes General design - Part 1: General principles and 
requirements 

Cranes General design - Part 2: Load effects 

Design of steel structures Part 1-9: Fatigue 

Design of steel structures Part 6: Crane runway beams 

1.3 Distinction between Principles and Application Rules 

(1) Depending on the character of the individual clauses, distinction is made in this Part 
ofprEN 1991 between Principles and Application Rules. 

(2) The Principles cOlnprise: 

- general statements and definitions for which there is no alternative, as well as 

requireluents and analytical nlodels for which no alternative is pernlitted unless 
specifically stated. 

(3) The Principles are identified by the letter P following the paragraph number. 
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(4) The Application Rules are generally recognised rules which comply with the 
Principles and satisfy their requirelnents. 

(5) It is pelTIlissible to use alternative design rules different froln the Application Rules 
given in EN 1991-3 for works, provided that it is shown that the alternati ve rules accord 
with the relevant Principles and are at least equivalent with regard to the structural 
safety, serviceability and durability that would be expected when using the Eurocodes. 

NOTE: If an alternative design rule is substituted for an Application Rule, the resulting 
cannot be claimed to be wholly in accordance with EN 1991-3 although the will remain in 
accordance with the Principles of EN 1991-3. When EN 1991-3 is used in respect of a properly 
listed in an Annex Z of a product standard or an ETAG, the LIse of an alternative design rule may 
not be acceptable for CE marking. 

(6) In this Part the Application Rules are identified by a number in brackets, 
clause. 

1.4 Terms and definitions 

as this 

For the purposes of this European Standard, the tenns and definitions given in ISO 
2394, ISO 3898, ISO 8930 and the following apply. Additionally for the purposes of this 
standard a basic list of tenus and definitions is provided in EN 1990, 1.5. 

1.4.1 Terms and definitions specifically for hoists and cranes on runway beams 

1.4.1.1 
dynamic factor 
factor that represents the ratio of the dynamic response to the static one 

1.4.1.2 
self-weight Qc of the crane 
self-weight of all fixed and lTIovable elelnents including the mechanical and electrical 
equipnlent of a crane structure, however without the lifting attachlnent and a portion of 
the suspended hoist ropes or chains Inoved by the crane structure, see 1 1.3 

1.4.1.3 
hoist load Qh 
load including the masses of the payload, the lifting attachlTIent and a portion of the 
suspended hoist ropes or chains lTIoved by the crane structure, see Figure 1.1 

Figure 1.1 - Definition of the hoist load and the self-weight of a crane 
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1.4.1.4 
crab 
part of an overhead travelling crane that incorporates a hoist and is able to travel on rails 
on the top of the crane bridge 

1.4.1.5 
crane bridge 
part of an overhead travelling crane that spans the crane runway beams and supports the 
crab or hoist block 

1.4.1.6 
guidance means 
system used to keep a crane aligned on a runway, through horizontal reactions between 
the crane and the runway beams 

NOTE The guidance means can consist of flanges on the crane wheels or a separate system of 
guide rollers operating on the side of the crane rails or the side of the runway beams 

1.4.1.7 
hoist 
machine for lifting loads 

1.4.1.8 
hoist block 
underslung trolley that incorporates a hoist and is able to travel on the bOttOlll flange of 
a beanl, either on a fixed runway (as shown in Figure 1.2) or under the bridge of an 
overhead travelling crane (as shown in Figures 1.3 and 1.4) 

1.4.1.9 
monorail hoist block 
hoist block that is supported on a fixed runway, see Figure 1.2 

1.4.1.10 
crane runway beam 
beam along which an overhead travelling crane can move 

1.4.1.11 
overhead travelling crane 
a machine for lifting and moving loads, that llloves on wheels along overhead crane 
runway beams. It incorporates one or lllore hoists mounted on crabs or underslung 
trolleys 

1.4.1.12 
runway beam for hoist block 
crane runway bealTI provided to support a nlonorail hoist block that is able to travel on 
its bottom flange, see Figure 1.2 
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-1 

-2 

Key 

) Runway beam 
2 Hoist block 

Figure 1.2 - Runway beam with hoist block 

1.4.1.13 
underslung crane 
overhead travelling crane that is supported on the bOttOlll flanges of the crane runway 
beams, see Figure 1.3 

Figure 1.3 - Underslung crane with hoist block 

1.4.1.14 
top-mounted crane 
overhead travelling crane that is supported on the top of the crane runway beanl 

NOTE It usually travels on rails, but sometimes travels directly on the top of the beams, see Figure 
1.4 

Figure 1.4 - Top nlounted crane with hoist block 

1.4.2 Terms and definitions specifically for actions induced by nlachines 

1.4.2.1 
natural frequency 
frequency of free vibration on a system 

NOTE For a multiple degree-of-freedom system, the natural frequencies are the frequencies of the 
normal modes of vibrations 
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1.4.2.2 
free vibration 
vibration of a systeln that occurs in the absence of forced vibration 

1.4.2.3 
forced vibration 
vibration of a system if the response is imposed by the excitation 

1.4.2.4 
damping 
dissipation of energy with time or distance 

1.4.2.5 
resonance 
resonance of a systen1in forced harmonic vibration exists when any change, however 
small, in the frequency of excitation causes a decrease in the response of the system 

1.4.2.6 
nlode of vibration 
characteristic pattern assumed by a system undergoing vibration in which the motion of 
every particle is simple hannonic with the san1e frequency 

NOTE Two or more modes may exist concurrently in a multiple degree of freedom system. A 
normal (natural) mode of vibration is a mode of vibration that is uncoupled 11·om other modes of 
vibration of a system 

1.5 Symbols 

(1) For the purposes of this European standard, the following symbols apply. 

NOTE: The notation used is based on ISO 3898: 1997. 

(2) A basic list of symbols is provided in EN 1990 clause 1.6 and the additional 
notations below are specific to this part of EN 1991. 

Latin upper case letters 

F<p,k 

Fk 
Fs 
Fw 
HB,I 

Hs,2 
HK 
HL 
Hs 
HT ,I:HT ,2 

HT ,3 

HTA 

K 

page 12 

characteristic value of a crane action 
characteristic static component of a crane action 
free force of the rotor 
forces caused by in-service wind 
buffer forces related to movements of the crane 
buffer forces related to movements of the crab 
horizontal load for guard rails 
longitudinal forces caused by acceleration and deceleration of the crane 
horizontal forces caused by skewing of the crane 
transverse forces caused by acceleration and deceleration of the crane 
transverse forces caused by acceleration and deceleration of the crab 
tilting force 
drive force 



Mk(t) 
Qe 
Qc 
Qh 
QT 
Qr 
S 

circuit nloment 
fatigue load 
self-weight of the crane 
hoist load 
test load 
wheel load 
guide force 

EN 1991-3:2006 (E) 

Latin lower case letters 

n 

width of rail head 
eccentricity of wheel load 
eccentricity of the rotor Inass 
distance between the instantaneous slide pole and means of guidance 
load spectrum factor 
span of the crane bridge 
Inass of the crane 
number of single wheel drives 
mass of rotor 
nlunber of wheel pairs 
number of runway beams 

Greek lower case letters 

a 
( 
TJ 

A 
A, 
f.i 

;b 
qJ 

<P1' <P2' <P3 
ljJ 4' ljJs' ljJ6' ljJ7 

qJfat 

skewing angle 
dmnping ratio 

ratio of the hoist load that relnains when the payload is removed, but is not 
included in the self-weight of the crane 
danlage equivalent factor 
force factors 

friction factor 
buffer characteristic 

dynatnic factor 
dynamic factor applied to actions induced by cranes 

damage equivalent dynamic ilnpact factor 

dynamic factor applied to actions induced by machines 

natural frequency of the structure 

circular frequency of the rotor 

frequency of the exiting force 
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Section 2 Actions induced by hoists and cranes on runway beams 

2.1 Field of application 

(1) This section specifies actions (rnodels and representative values) induced by: 

- underslung trolleys on runways, see 2.5.1 and 2.5.2; 

- overhead travelling cranes, see and 2.5.4. 

(2) The 111ethods prescribed in this section are compatible with the provisions in EN 
13001-1 and EN 13001-2, to facilitate the exchange of data with crane suppliers. 

NOTE: Where the crane supplier is known at the time of of the crane runway, more accurate 
data may be applied for the individual project. The National Annex may information on the 
procedure. 

2.2 Classifications of actions 

2.2.1 General 

(l)P Actions induced by cranes shall be classified as variable and accidental actions 
which are represented by various models as described in 2.2.2 and 2.2.3. 

2.2.2 Variable actions 

(1) For normal service conditions variable crane actions result from variation in tilne 
and location. They include gravity loads including hoist loads, inertial forces caused by 
acceleration/deceleration and by skewing and other dynamic effects. 

(2) The variable crane actions should be separated into: 

- variable vertical crane actions caused by the self-weight of the crane and the hoist 
load; 

- variable horizontal crane actions caused by acceleration or deceleration or by 
skewing or other dynamic effects. 

(3) The various representative values of variable crane actions are characteristic values 
composed of a static and a dynamic component. 

(4) Dynamic cOlnponents induced by vibration due to inertial and darnping forces are in 
general accounted by dynarnic factors (jJ to be applied to the static action values. 

F(jJ,k = (jJi F" (2.1) 

where: 

is the characteristic value of a crane action; 

(jJj is the dynalnic factor, see Table 2.1; 

is the characteristic static cOlnponent of a crane action. 

(5) The various dynamic factors and their application are listed in Table 2.1. 
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(6) The silnultaneity of the crane load components may be taken into account by 
considering groups of loads as identified in Table 2.2. Each of these groups of loads 
should be considered as defining one characteristic crane action for the cOlnbination 
with non-crane loads. 

NOTE: The grouping provides that only one horizontal crane action is considered at a time. 

2.2.3 Accidental actions 

(1) Cranes can generate accidental actions due to collision with buffers (buffer forces) or 
collision of lifting attachn1ents with obstacles (tilting forces). These actions should be 
considered for the structural design where appropriate protection is not provided. 

(2) Accidental actions described in 2.11 refer to COlnmon situations. They are 
represented by various load models defining design values (Le. to be used with YA = to) 
in the forn1 of equivalent static loads. 

(3) The sin1ultaneity of accidental crane load cOlnponents may be taken into account by 
considering groups of loads as identified in Table Each of these groups of loads 
defines one crane action for the conlbination of non-crane loads. 

Table 2.1 Dynamic factors CfJj 

Dynamic Effects to be considered To be applied to 
factors 

CfJ] - excitation of the crane structure due self-weight of the 
to lifting the hoist load off the ground crane 

CfJ2 
-dynamic effects of transfening the hoist load 
hoist load froln the ground to the 

or crane 

CfJ3 
-dynmnic effects of sudden release of 
the payload if for example grabs or 
n1agnets are used 

CfJ4 
-dynamic effects induced when the self-weight of the 
crane is travelling on rail tracks or crane and hoist load 
runways 

CfJs 
-dynamic effects caused by drive drive forces 
forces 

CfJ6 
-dynanlic effects of a test load test load 
moved by the drives in the way the 
crane is used 

CfJ7 
-dynan1ic elastic effects of inlpact on buffer loads 
buffers 
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Table 2.2 - Groups of loads and dynamic factors to be 
considered as one characteristic crane action 

Groups of loads 
Symbol Section Ultimate Limit State Test Acci

load dental 

1 Self-weight of crane Qc 2.6 

2 Hoist load 

Accelerati on of crane 
3 b'd HL, HT n ge 

4 
Skewing of crane 

Hs 
bridge 
Acceleration or 

5 braking of crab or HT3 

hoist block 

2.7 

2.7 

2.7 

1 2 3 4 5 6 7 

(jJJ 

17 1
) -

I 
1 - t--

1 

Fw* Annex All 1 1 1 - - 1 
~------~~~--~I~~~~~-~ 
6 In-service wind 

7 Test load QT 2.10 - - - I fJ'6 

8 Buffer force 2.11 - - -

9 Tilting force HTA 2.11 -

NOTE: For out of service wind, see Annex A. 

9 10 

1 1 

1 

I 17 is the proportion of the hoist load that remains when the payload is removed, but is not included in the self-weight of 

the crane. 

2.3 Design situations 

(l)P The relevant actions induced by cranes shall be deternlined for each design 
situation identified in accordance with EN 1990. 

(2)P Selected design situations shall be considered and critical load cases identified. For 
each critical load case the design values of the effects of actions in conlbination shall be 
deternli ned. 

(3) Rules for Inultiple crane actions froill several cranes are given in 

(4) Combination rules for crane actions with other actions are given in Annex A. 

(5) For the fatigue verification, fatigue load models are given in 2.12. 

(6) In case tests are perfonned with cranes on the supporting structures for the 
serviceability limit state verification, the test loading model of the crane is specified in 
2.10. 
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2.4 Representation of crane actions 

(1) The actions to be considered should be those exerted on the crane runway beams by 
the wheels of the cranes and possibly by guide rollers or other guidance lTIeans. 

(2) Horizontal forces on crane supporting structures arising from horizontal lTIOVelTIent 
of monorail hoist cranes and crane hoists should be detennined from 2.5.1.2, 2.5.2.2 and 
2.7. 

2.5 Load arrangements 

2.5.1 Monorail hoist blocks underslung from runway beams 

2.5.1.1 Vertical loads 

(1) For nonnal service conditions, the vertical load should be taken as composed of the 
self-weight of the hoist block, the hoist load and the dynalllic factor, see Table 2.1 and 
Table 2.2. 

2.5.1.2 Horizontal forces 

(1) Tn the case of fixed runway bean1s for Inonorail underslung trolleys, in the absence 
of a 1110re accurate value, the longitudinal hOlizontal forces should be taken as 5 % of 
the maXimUlTI vertical wheel load, neglecting the dynamic factor. 

(2) This also applies to horizontal loads in the case of swinging suspended runway 
beanlS. 

2.5.2 Overhead travelling cranes 

2.5.2.1 Vertical loads 

(1) The relevant vertical wheel loads from a crane on a runway bealn, should be 
determined by considering the load arrangeluents illustrated in Figure 2.1, using the 
characteristic values gi ven in 2.6. 

1 
I, 

a) Load arrangement of the loaded crane to obtain the maximum loading on the 
runway beam 

Q".~," Q"m," rQ((flI(> 

T1"' ,lg=-=l. ~ 

f J J a .. ¥ 
,e 

:k 

b) Load arrangement of the unloaded crane to obtain the minimum loading on the 
runway beam 

page 17 



EN 1991-3:2006 (E) 

where: 

Qr,m:lx is the maximum load per wheel of the loaded crane 

Qr,(mtlx) is the accompanying load per wheel of the loaded crane 

L Qr,m:lx is the sum of the maximum loads Qr,max per lunway of the loaded crane 

L Qr,(max) is the sum of the accompanying maxinlum loads Qr,(max) per runway of the 
loaded crane 

Qr,min is the minillluin load per wheel of the unloaded crane 

Qr,(min) is the accompanying load per wheel of the unloaded crane 

L Qr,mil1 is the sum of the minilllum loads Qr,min per runway of the unloaded crane 

L Qr,(min) is the sum of the accompanying miniIllulll loads Qr,(min) per runway of the 
unloaded crane 

Qh,nol1l is the nOlrunal hoist load 

Key 

Crab 

Figure 2.1 - Load arrangements to obtain the relevant vertical 
actions to the runway beams 

(2) The eccentricity of application e of a wheel load Qr to a rail should be taken as a 
portion of the width of the rail head br , see Figure 2.2. 

NOTE: The National Annex may give the value of e. The recommended value is e == 0,25 hr . 

i 
i 
i 
i 
I 
i 
i 
i _._._. __ ._. ___ . __ . .J_. ._._._._,_, __ . ___ ._ 

Figure 2.2 - Eccentricity of application of wheel load 

2.5.2.2 Horizontal forces 

(]) The following types of horizontal forces from overhead travelling cranes should be 
taken into account: 

a) horizontal forces caused by acceleration or deceleration of the crane in relation to its 
movement along the runway beam, see 2.7.2; 
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b) horizontal forces caused by acceleration or deceleration of the crab or underslung 
trolley in relation to its movement along the crane bridge, see 2.7.5; 

c) horizontal forces caused by skewing of the crane in relation to its 1110vement along 
the runway beam, see 2.7.4; 

d) buffer forces related to crane movement, see 2.11.1; 

e) buffer forces related to Inovelnent of the crab or underslung trolley, see 2.11 

(2) Unless otherwise specified, only one of the five types of horizontal forces (a) to (e) 
listed in (l) should be included in the sanle group of simultaneous crane load 
components, see Table 2.2. 

(3) For underslung cranes the horizontal forces at the wheel contact surface should be 
taken as at least 10 % of the Inaxinluln vertical wheel load neglecting the dynamic 
component unless a nl0re accurate value is justified. 

(4) Unless otherwise specified, the longitudinal horizontal wheel forces HL,i and the 
transverse horizontal wheel forces HT,i caused by acceleration and deceleration of 
rnasses of the crane or the crab etc., should be applied as given in Figure 2.3. The 
characteristic values of these forces are given in 2.7.2. 

NOTE: These forces do not include the effects of oblique hoisting due to misalignment of load and 
crab because in general oblique hoisting is forbidden. Any effects of unavoidable small values of 
oblique hoisting are included in the inertial forces. 

Key 

Rail i 
2 Rail i 2 

i 
i 
i 
i 
i 

~~ 

-

-

i 
i 
i 
i 
i 

[8}--{] ~ 

Figure 2.3 - Load arrangenlent of longitudinal and transverse horizontal wheel 
forces caused by acceleration and deceleration 
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(5) The longitudinal and transverse horizontal wheel forces HS,j,j,k and the guide force S 
caused by skewing can occur at the guidance means of cranes or trolleys while they are 
travelling or traversing in steady state motion, see Figure 2.4. These loads are induced 
by guidance reactions which force the wheel to deviate from their free-rolling natural 
travelling or traverse direction. The characteristic values are given in 2.7.4. 

1 3 2 1 3 2 

-'II!- t I 'r-- I I 

! ~I i 
I ! i 

-----+- o 0 - -<.; 4---=-----if ~ -.- ~~-s 4 .' ... ~ -.-
HS,l,l,T HS,2,l,T HS,l,l,T 

,1 sill HS,2,l,T CD]! .. HS,1.2.T 
I ' 

.. HS,2,2,T o~[ 5 ----=-rzH1 ~ ~ , 

I- 6 t 
Ii i 

iH S,1,2,L S,2,2,L 

a) with separate guidance nleans b) with guidance by nleans of wheel flanges 

Key 

Rail i = I 
2 Rail i = 2 
3 Direction of motion 
4 Wheel pair j = 1 
5 Wheel pair j = 2 
6 Guide means 

NOTE I: The direction of the horizontal forces depends on the type of guidance means, the 
direction of motion and on the type of wheel drive. 

NOTE 2: The forces HS.i.j .k are defined in 2.7.4(1). 

Figure 2.4 - Load arrangenlent of longitudinal and transverse horizontal wheel 
forces caused by skewing 

2.5.3 Multiple crane action 

(l)P Cranes that are required to operate together shall be treated as a single crane action. 

(2) If several cranes are operating independently, the maximum number of cranes taken 
into account as acting silllultaneously should be specified. 

NOTE: The number of cranes to be considered in the most unfavourable position may be 
specified in the National Annex. The recommended number is given in Table 2.3. 
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Table 2.3 - Recommended maximum number of cranes to be considered in 
the most unfavourable position 

Vertical crane action 

Horizontal crane 
action 

Cranes to each runway 

3 

2 

2.6 Vertical crane loads - characteristic values 

Cranes in each 
shop bay 

4 

2 

Cranes in multi - bay 
buildings 

4 2 

2 2 

(1) The characteristic values of the vertical loads fronl cranes on crane supporting 
structures should be determined as indicated in Table 2.2. 

(2)P For the self-weight of the crane and the hoist load, the nominal values specified by 
the crane supplier shall be taken as characteristic values of the vertical loads. 
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Table 2.4 Dynamic factors (jJj for vertical loads 

Values of dynamic factors 

(jJ1 0,9 < (jJ1 < 1,1 

The two values l, land 0,9 reflect the upper and lower values of 
the vibrational pulses. 

V h steady hoisting speed in mls 

(jJ2.111in and fJ2 see Table 2.5 

(jJ] (jJ3 1 Llm (1 + fJ3) 
n1 

where 
Llm released or dropped part of the hoisting mass 
ill total hoisting mass 

for cranes equipped with grabs or similar slow-

release devices 

fJ3 = 1,0 For cranes equipped with magnets or similar rapid-release 

devices 

(jJ4 (jJ4 = 1,0 provided that the tolerances for rail tracks as specified in 

EN 1993-6 are observed. 

NOTE: If the tolerances for rail tracks as specified in EN ] 993-6 are not observed, the 

dynamic factor (jJ4 can be determined with the model provided by EN 13001.-2. 

(3) If the dynamic factors (jJ), (jJ2' (jJ3 and (jJ4 as specified in Table 2.1 are not included 

in the specifications of the crane supplier the indications in Table 2.4 may be used. 

(4) For in-service wind reference should be made to Annex A. 

Table 2.5 - Values of f32 and (jJ2,ITnl1 

Hoisting class fJ2 (jJ2.min 
of appliance 

HCI 0,17 1,05 
HC2 0,34 1,10 
HC3 0,51 1, 15 
HC4 0,68 1,20 

NOTE: Cranes are assigned to Hoisting Classes HC 1 to HC4 to allow 
for the dynamic effects of transferring the load from the ground to the 
crane. The selection depends on the panicular type of crane, see 
recommendation in annex B. 
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2.7 Horizontal crane loads .. characteristic values 

2.7.1 General 

(1)P For the acceleration and the skewing effects, the nominal values specified by the 
crane supplier shall be taken as characteristic values of the horizontal loads. 

(2) The characteristic values of the horizontal loads may be specified by the crane 
supplier or be determined using 2.7.2 to 2.7.5. 

2.7.2 Longitudinal forces HL,i and transverse forces HT,i caused by acceleration and 
deceleration of the crane 

(1) The longitudinal forces HL,i caused by acceleration and deceleration of crane 
structures result from the drive force at the contact surface between the rail and the 
driven wheel, see Figure 

(2) The longitudinal forces HL,i applied to a runway beam may be calculated as follows: 

1 
HLj (jJ5 K 

I1r 

where: 
nr is the number of runway beams; 

K is the drive force according to 

(jJs is the dynamic factor, see Table 2.6; 

is the integer to identify the runway beam (i = J, 2). 

2 

Key 

1 Rail i == I 
2 Rail i == 2 

Figure 2.5: Longitudinal horizontal forces H L,i 

(2.2) 

(3) The mOlnent M resulting from the drive force which should be applied at the centre 
of mass is equilibrated by transverse horizontal forces HT,1 and HT,2, see Figure 2.6. The 
horizontal forces may be calculated as follows: 

M 
HT,l (2.3) 

a 
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where: 

q, = L i~',"" 
;2 = I - ;] ; 

L Qr = L Qr,ll1ax + L Qr,(Il1<lx); 

L Qr,ll1<lx see Figure 2.1 ; 

L Qr,(ITl<lx) see Figure 2.1 ; 

a is the spacing of the guide rollers or the flanged wheels; 

M= KI . 
s ' 

C
s 

= (q] - 0,5)1 ; 

e is the span of the crane bridge; 

fPs is the dynamic factor, see Table 2.6; 

K is the drive force, see 2.7.3 and Figure 2.7. 

2 

c 

Key 

1 Rail i = 1 
2 Rail i = 2 

Figure 2.6 - Definition of the transverse forces HT,i 

(2.4) 

(4) For curved runway beanls the resulting centrifugal force should be multiplied by the 
dynanlic factor fPs. 

(5) If the dynanlic factor fPs is not included in the specification documents of the crane 

supplier, values given in Table 2.6 nlay be used. 
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Table 2.6 - Dynamic factor ffJ", 

Values of the Specific use 

dynamic factor ffJ5 

CPs = 1,0 for centrifugal forces 

1,0 ~ CP5 ~ 1,5 for systen1s where forces change smoothly 

1,5 ~ CPs ~ 2,0 for cases where sudden changes can occur 

CP5 3,0 for dlives with considerable backlash 

2.7.3 Drive force K 

(l) The dri ve force K on a driven wheel should be taken such that wheel spm is 
prevented. 

(2) The drive force K should be obtained from the crane supplier. 

(3) Where no wheel controlled system is applied, the drive force K lTIay be ca1culated as 
follows: 

(2.5) 

where: 

J1 is the friction factor; 
for a single wheel drive: L Q«'r,mil1 = mw Qr,min, where 1TIw is the number of single 
wheel 
for a central wheel dri ve: L Q<><r,min = Qr,min + Qr,(min); 

NOTE 1: Modern cranes do not normally have a central wheel dri ve. 

NOTE 2: The value of the friction factor may be given in the National Annex. The recommended 
values are: 
j.1 = 0,2 for steel steel; 
f1 = 0,5 for steel rubber. 
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1 2 1 2 
I I I 

10 r- [] ~cm~ 
I 

I I 
! i 
I I 

Cp fV'1 '-- [] 
I 1 

LL:>I ~ 0-qJ 

t, 
! 

tKI tKI tK2 

a) Central wheel drive b) Single wheel drive 

Key 

Rail i = 1 
2 Rail i 2 

Figure 2.7 - Definition of the drive force K 

2.7.4 Horizontal forces HS,iJ,k and the guide force S caused by skewing of the crane 

(1) The guide force S and the transverse forces HS,i,j,k caused by skewing may be 
obtained fronl: 

HS,I,j.L = 

H S,2,j,L = f As 

HS,I,j,T 

I Qr (indexj indicates the driven wheel pair) 

Qr (index j indicates the driven wheel pair) 

HS,2,j,T = f AS ,2,j,T I Qr 

where: 
f is the "non-positive factor", see (2); 

AS,iJ" is the force factor, see (4); 

is the rail i; 

j is the wheel pair j; 

k is the direction of the force (L = longitudinal, T = transverse). 

(2) The "non-positive" factor may be determined froIn: 

f= 0,3 (l exp (-250 a)) :s 0,3 

where: 
a is the skewing angle, see (3). 

(2.6) 

(2.7) 

(2.8) 

(2.9) 

(2.1 0) 

(2.11) 

(3) The skewing angle a, see Figure 2.8, which should be equal to or less than 
0,015 rad, should be chosen taking into account the space between the guidance 111eans 
and the rail as wel1 as reasonable dimensional variation and wear of the appliance 
wheels and the rails. It nlay be detelTIlined as follows: 
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(2.] 2) 

where: 
aF, a y and ao are as defined in Table 2.7. 

Table 2.7 - Definition of aF,ay and ao 

Angles a i Minimum values of a i 

O,7Sx 0,75x 2 5 n1m for guide rollers 
a F = 

0,7Sx 2 10 n1m for wheel flanges 
'ext 

y y 2 0,03b n1n1 for guide rollers 
a y =- y 2 0,1 Ob Inn1 for wheel flanges 

Qext 

ao ao = 0,001 

Where: 
is the spacing of the outer guidance means or flanged wheels on the 
guiding rail; 

b is the width of the rail head; 
x is the track clearance between the rail and the guidance 

n1eans (lateral slip); 
y is the wear of the rail and the guidance means; 
ao is the tolerance on wheel and rail directions. 

(4) The force factor As.i,j,k depends on the cornbination of the wheel pairs and the 

distance h between the instantaneous centre of rotation and the relevant guidance means, 
i.e. the front ones in the direction, see Figure 2.8. The value of the distance h 111ay be 
taken froln Table 2.8. The force factor As,i.j.k may be determined frOln the expressions 

given in Table 2.9. 
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Key 

I Rai] i = 1 
2 Rail i = 2 
3 Direction of motion 
4 Direction of rail 
5 Guidance means 
6 Wheel pair j 

2 

I 
i 

5 y 7 I 

ee i 
, .... ~1 "'1__ ~2! ... , 

7 Instantaneous centre of rotation 

Figure 2.8 - Definition of angle a and the distance h 
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Table 2.8 - Determination of the distance h 

Fixing of wheels Combination of wheel pairs h 
according to lateral coupled (c) independent (i) 

movements 
FixedlFixed I 

-

{} {} m~1 ~212 + L :J 
FF IFF 

C I P 
CFF 

- -

Fixed/Movable 
-

H 
-

~ 
In~112 + L J FM C I C P IFM Lej 

CFM D -

Where: 
h is the distance between the instantaneous centre of rotation and the relevant guidance 

ll1eans; 
m is the nUlnber of pairs of coupled wheels (111 = 0 for independent wheel pairs); 

~II is the distance of the instantaneous centre of rotation from rail 1; 

~21 is the distance of the instantaneous centre of rotation from rail 2; 

l is the span of the appliance; 
ej is the distance of the wheel pair j from the relevant guidance means. 

Table 2.9 - Definition of AS,i,j,k - values 

System As,J 
As.l,j,L As,l.j,T As,2,j,L 

CFF I ;, rl ~1~2 I 

Ie n h n \ h n 
1 __ J 

(l-eiJ 0 n h 0 
IFF nh 

I 
J 

CFM 

n h n (I eJ 
h n 

:' (1 eJ J 

0 h 

IFM 

Where: 
11 is the number of wheel pairs; 
~II is the distance of the instantaneous centre of rotation from rail 1; 

~21 is the distance of the instantaneous centre of rotation frOln rail 2; 

f is the span of the appliance; 

0 

h 

I 
h 

ej is the distance of the wheel pair j from the relevant guidance nleans; 

As,2,j,T 

:' (1 e) J 

h 

l-~ ( e) 
n l h 

0 

0 

h is the distance between the instantaneous centre of rotation and the relevant guidance 
means. 
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2.7.5 Horizontal force HT,3 caused by acceleration or deceleration of the crab 

( I) The horizontal force HT ,3 caused by acceleration or deceleration of the crab or trolley 
may be assumed to be covered by the horizontal force HB,2 given in 2.11 

2.8 Tenlperature effects 

(l)P The action effects on runways due to temperature variations shaH be taken into 
account where necessary. In general, non-uniform distributed temperature need not be 
considered. 

(2) For the temperature difference for outdoor runways see EN 1991-1-5. 

2.9 Loads on access walkways, stairs, platforms and guard rails 

2.9.1 Vertical loads 

(1) Unless otherwise stated, the access walkways, stairs and platforms should be loaded 
by a vertical load Q spread over a square surface of 0,3m x 0,31TI. 

(2) Where materials can be deposited a vertical load Qk = 3 kN should be app1ied. 

(3) If the walkways, stairs and platforms are provided for access only, the characteristic 
value in (2) may be reduced to 1,5 kN. 

(4) The vertical load Qk may be disregarded if the structural member considered is 
subjected to crane actions. 

2.9.2 Horizontal loads 

() Unless otherwise stated, the guard rail should be loaded by a single horizontal load 
Hk = 0,3 kN. 

(2) The horizontal load Hk may be disregarded if all structural men1bers are subjected to 
crane actions. 

2.tO Test loads 

(I) When tests are performed after erection of the cranes on the supporting structures, 
the supporting structure should be checked against the test loading conditions. 

(2) If relevant, the crane supporting structure should be designed for these test loads. 

(3)P The hoist test load shall be amplified by a dynamic factor (jJ6' 

(4) When considering test loads the following cases should be distinguished: 

- Dynamic test load: 

The test load is n10ved by the drives in the way the crane will be used. The test load 
should be at least 110 % of the nominal hoist load. 
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CP6 = 0,5( 1,0 + CP2 ) (2.13) 

- Static test load: 

The load is increased for testing by loading the crane without the use of the drives. 
The test load should be at least 125 of the nominal hoist load. 

(2.14) 

2.11 Accidental actions 

2.11.1 Buffer forces Hn,l related to crane movement 

(l)P Where buffers are used, the forces on the crane supporting structure arising from 
collision with the buffers shall be calculated fron1 the kinetic energy of all relevant parts 
of the crane moving at 0,7 to 1,0 tin1es the nominal speed. 

(2) The buffer forces multiplied by CP7 according to Table 2.10, to make allowance for 

dynamic effects, may be calculated taking into account the distribution of relevant 
masses and the buffer characteristics, see Figure 2.9b. 

(2.15) 

where: 

CP7 see Table 2.10; 

Vl is 70 % of the long travel velocity (m/s); 

n1c is the mass of the crane and the hoist load (kg); 

SB is the spring constant of the buffer (N/m). 

Table 2.10 - Dynamic factor CP7 

Values of dynamic factor Buffer characteristic 

CP7 

CP7 1,25 0,0 ::; ;b ::; 0,5 

CP7 = 1,25 + 0,7 (;b 0,5) 0,5 ::; ;b ::; 1 

NOTE: ;b may be approximately determined from Figure 2.9 
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a) Buffer force b) Buffer characteristic ;/J 
1 II 

-JFdu 
FU a 

Key 

Buffer characteristic 

NOTE: For additional information about the characteristic of buffers see EN 13001 -2. 

Figure 2.9 - Definition of the buffer force 

2.11.2 Buffer forces H B ,2 related to nlovements of the crab 

( I) Provided that the payload is free to swing, the horizontal load HB,2 representing the 
buffer forces related to nlovement of the crab or trolley may be taken as 10 % of the sum 
of the hoist load and the weight of the crab or tro1ley. In other cases the buffer force 
should be determined as for crane movement, see 2.11.1. 

2.11.3 Tilting forces 

(l)P If a crane with horizonta1ly restrained loads can tilt when its load or lifting 
attachment collides with an obstacle, the resulting static forces shall be considered. 

2.12 Fatigue loads 

2.12.1 Single crane action 

(l)P Fatigue loads shall be determined such that the operational conditions of the 
distribution of hoist loads and the effects of the variation of crane positions to the 
fatigue details are duly considered. 

NOTE: Where sufficient information on the operational conditions is available, the fatigue loads 
may be determined according to EN 13001 and EN 1993-1-9, Annex A. Where this information is 
not available, or where a simplified approach is favoured, the following rules apply. 

(2) For norma] service conditions of the crane the fatigue loads may be expressed in 
terms of fatigue damage equivalent loads Qe that may be taken as constant for all crane 
positions to deternline fatigue load effects. 

NOTE: The procedure is compatible with EN 13001 however it is a simplified approach for gantry 
girders to comply wi lh incomplete information during the design stage. 
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(3) The fatigue damage equivalent load Qe may be determined such that it includes the 
effects of the stress histories arising fr01TI the specified service conditions and the ratio 
of the absolute number of load cycles during the expected design life of the structure to 
the reference value N = 2,Ox 106 cycles. 

00 
U1 
U2 
U3 
U4 
Us 
U6 
U7 
Us 
U9 

Table 2.11 - Classification of the fatigue actions from cranes 
according to EN 13001-1 

Class of load spectrum Qo QI Q2 Q3 Q4 

kQ 0,0313 0,0625 0,125 0,25 
~O,O3 < kQ ~ < kQ ~ < kQ ~ < kQ ~ 

13 0,0625 0,125 0,25 0,5 

class of 
total number of cycles 

c ~ 1,6'104 So So So So So 
J ,6 X 104 < C ~ 3,15 X 104 So So So So So 

3,15X 104 < C ~ 6,30X 104 So So So So S] 
6,30X 104 < C :::; 1,25X 105 So So So S] S2 
I ,25 X 105 < C ~ 2,50 X 105 So So S] S2 S3 
2,50X 105 < C ~ 5,00X 105 So S1 S2 S3 S4 
5,00X 105 < C ~ 1,00X 106 S[ S2 S3 S4 S5 
J ,00 X J 06 < C ~ 2,00 X ] 06 S2 S3 S4 S5 S6 
2,00X 106 < C S 4,00X 106 S3 S4 S5 S6 S7 
4,00X 106 < C S 8,00X 106 S4 S5 S6 S7 Ss 

where: 

kQ is a load spectrum factor for all tasks of the crane; 
C is the total nUlYlber of working cycles during the design life of the crane. 

Qs 

0,5 
< kQ ~ 

1,0 

So 
SI 
S2 
S3 
S4 
S5 
S6 
S7 
Ss 
S9 

NOTE: The classes Si are classified by the stress effect history parameter s in EN 1300 I-I which is defined 
as: 

s = V k where: 

k is the stress spectrum factor; 

V is the number of stress cycles C related to 2,OX 106 stress cycles. 

The classification is based on a total service life of 25 years. 

(4) The fatigue load may be specified as: 

(2.16) 

where: 
Qmax,i is the maXilTIUm value of the characteristic vertical wheel load i; 
Ai = Al,i A2,i is the damage equivalent factor to 11lake allowance for the relevant 

standardized fatigue load spectrum and absolute number of load cycles in 
relation to N = 2,Ox 106 cycles; 
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(2.17) 

[

" . . ]11111 L.,, 17 1,] 

A2,i =l11Jnv = T (2.18) 

where: 
,1 Qi,j is the load alnplitude of range j for wheel i: ,1 Qi,j = Qi,j - Qmin,i; 

max,1 Qi is the nlaxinlum load amplitude for wheel i: nlax,1 Qi = Qmax,i - Qmin,i; 

kQ, v are the damage equivalent factors; 

111 is the slope of the fatigue strength curve; 

CPral is the damage equivalent dynamic inlpact factor, see (7); 

is the number of the wheel 

N is 2x106 

NOTE: For the value of III see EN 1993-1-9, see also notes to Table 2.12. 

(5) For determining the A -value the use of cranes may be classified according to the 
load spectrum and the total number of load cycles as indicated in Table 2.11. 

(6) A -values lnay be taken fronl Table 2.12 according to the crane classification. 

Table 2.12 - ~ -values according to the classification of cranes 

Classes So S1 S2 S3 S4 S5 S6 S7 S8 
S 

normal 0,198 0,250 0,315 0,397 0,500 0,630 0,794 1,00 1,260 
stresses 
shear 0,379 0,436 0,500 0,575 0,660 0,758 0,871 1,00 1,149 
stresses 

S9 

1,587 

1,320 

NOTE I: In determining the A -values standardized spectra with a gaussian distribution of the load effects, the 

Miner rule and fatigue strength S-N lines with a slope 111 = 3 for normal stresses and 111 = 5 for shear stress have 
been used. 

NOTE 2: In case the crane classification is not included in the specification documents of the crane indications 
are given in Annex B. 

(7) The damage equivalent dynanlic impact factor CPfat for normal conditions may be 

taken as: 

(2.19) 
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2.12.2 Stress range effects of nluitiple wheel or crane actions 

(1) The stress range due to danlage equivalent wheel loads Qe nlay be deternlined from 
the evaluation of stress histories for the fatigue detail considered. 

NOTE: For simplified approaches using the values ~ from Table 2.12, see EN 1993-6,9.4.2.3. 
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Section 3 Actions induced by machinery 

3.1 Field of application 

(1) This section applies to structures supporting rotating machines which induce 
dynanlic effects in one or more planes. 

(2) This section presents Inethods to determine the dynamic behaviour and action 
to verify the safety of the structure. 

NOTE: Though a precise limit cannot be set, in general it may be assumed that for minor 
machinery with only rotating parts and less than 5 kN or having a power less than 50 kW, 
the action effects are included in the imposed loads and separate considerations are therefore not 
necessary. In these cases the use of so called vibration absorbers under the supporting frame is 
sufficient to protect the machine and the surroundings. are washing machines and small 
ventilators. 

3.2 Classification of actions 

3.2.1 General 

(I)P Actions from machinery are classified as pernlanent, variable and accidental 
actions which are represented by various models as described in 3.2.2 to 3.2.4. 

3.2.2 Permanent actions 

(1) Pennanent actions during service include the self-weight of all fixed and moveable 
parts and static actions frotn service such as: 

self-weight of rotors and the hull (vertical); 

self-weight of condensers, if relevant, taking account of the water infi11 (vertical); 

actions from vacuum for turbines, the condensers of which are connected to the hull 
by C0l11pensators. (vertical and horizontal); 

drive torques of the machine transl11itted to the foundation by the hull (pairs of 
vertical forces); 

forces fron1 friction at the bearings induced by therl11al expansion of the hull 
(horizon tal); 

actions from self-weight, forces and 1110ments from pipes due to themlal expansion, 
actions from gas; flow and gas pressure (vertical and horizontal); 

telnperature effects frotn the machine and pipes, for instance temperature differences 
between ll1achine and pipes and the foundation. 

(2) Pennanent actions during transient stages (erection, maintenance or repair) are those 
from self-weight only including those from hoisting equipments, scaffolding or other 
auxiliary devices. 
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3.2.3 Variable actions 

(1) Variable actions frOlu machinery during normal service are dynanlic actions caused 
by accelerated Inasses such as: 

periodic frequency-dependent bearing forces due to eccentricities of rotating masses 
in all directions, mainly perpendicular to the axis of the rotors; 

free mass forces or mass mon1ents; 

periodic actions due to service depending on the type of machine that are transluitted 
by the hull or bearings to the foundations; 

forces or mon1ents due to switching on or off or other transient procedures such as 
synchronisations. 

3.2.4 Accidental actions 

(I) Accidental actions can occur from: 

accidental magnification of the eccentricity of masses (for instance by fracture of 
brakes or accidental defornlation or rupture of axle of luoveable parts); 

shOlt circuit or out of synchronisation of the generators and luachines; 

itupact effects from pipes by shutting down. 

3.3 Design situations 

(l)P The re1evant actions induced by machinery shall be detennined for each design 
situation identified in accordance with EN 1990. 

(2)P Design situations shall in particular be selected for verifying that: 

the service conditions of the machinery conform to the service requirements and no 
damage is induced to the structure supp0l1ing the ll1achine and its foundation by 
accidental actions that would infringe the subsequent use of this structure for further 
service; 

the impact on the surroundings, for instance disturbance of sensitive equipment, is 
within acceptable lilnits; 

no ultimate limit state can occur in the structure; 

no fatigue liInit state can occur in the structure. 

NOTE: Unless specified otherwise, the serviceability requirements should be determined for the 
individual project. 

3.4 Representation of actions 

3.4.1 Nature of the loads 

(I)P In the detennination of action effects a distinction shall be ll1ade between the static 
and the dynamic action effects. 
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(2)P In the static actions both those from Inachinery and those from the structure shall 
be included. 

NOTE: Static actions from machinery are the permanent actions defined in 3.2.2. They may be 
used for determining creep effects or for verifying that prescribed limitations of static deformations 
are not exceeded. 

(3)P The dynamic action effects shall be determined taking into account the interaction 
between the excitation from the machinery and the structure. 

NOTE: The dynamic actions from the machinery are the variable actions defined in 3.2.3. 

(4)P Dynmnic action effects shall be determined by a dynamic calculation with an 
appropriate modelling of the vibration system and the dynmnic action, see 3.4.2. 

(5) Dynamic effects may be disregarded where not relevant. 

3.4.2 Modelling of dynamic actions 

(1) The dynanlic actions of machines with only rotating parts, rotating compressors, 
turbines, generators and ventilators, consist of periodically changing forces which may 
be defined by a sinusoidal function, see Figure 3.1. 

(2) A ShOlt circuit Mk(t) moment Inay be represented by a combination of sinusoidal 
1110lnent-tinle diagrams acting between the rotor and the hull. 

Figure 3.1 Harmonic force 

3.4.3 Modelling of the machinery-structure interaction 

(l)P The vibration system composed of the 111achine and the structure shall be tTIodelled 
such that the excitations, the mass quantities, stiffness properties and the damping are 
sufficiently taken into account to determine the actual dynamic behaviour. 

(2) The model 111ay be linear elastic with concentrated or distributed masses connected 
with springs and supported by springs. 

(3) The common centre of gravity of the systenl (for instance of the foundation and 
lTIachine) should be located as near as possible to the same vertical line as the centroid 
of the foundation area in contact with the soil. In any case the eccentricity in the 
distribution of masses should not exceed 5 % of the length of the side of the contact 
area. In addition, the centre of gravity of the machine and foundation system should if 
possible be below the top of the foundation block. 
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(4) In general the three possible degrees of freedo111 for translations and the three 
degrees freedOln for rotations should be considered; it is however in general not 
necessary to apply a three din1ensional nlode!. 

(5) The properties of the supporting nledillln of the foundation structure should be 
converted in tern1S of the 1110del (springs, dan1ping constants etc.). The required 
properties are: 

for soils: dynanlic G-modulus and damping constants; 

for piles: dynatnic spring constants in vertical and horizontal directions 

- for springs: spring constants in horizontal and veliical directions and for rubber 
springs the datnping data. 

3.5 Characteristic values 

(1) A complete survey of the static and dynanlic forces for the various design situations 
should be obtained from the machine manufacturer together with all other Inachine data 
such as outline drawings, weights of static and Inoving parts, speeds, balancing etc. 

(2) The following data should be obtained frOlTI the 111achine Inanufacturer: 

loading diagram of the machine showing the location, magnitude and direction of all 
loads including dynamic loads; 

- speed of the machine; 

- critical speeds of the machine; 

outline dimensions of the foundation; 

- mass nlOlnent of inertia of the lTIachine COlTIpOnents; 

details of inserts and en1bednlents; 

layout of piping, ducting etc, and their supporting details; 

telTIperatures in various zones during operation; 

- allowable displacements at the Inachine bearing points during norn1al operation. 

(3) In simple cases, the dynamic forces (free forces) for rotating Inachine parts nlay be 
determined as follows: 

F s (3.1 ) 

where: 
Fs is the free force of the rotor; 
lTlR is the mass of the rotor; 
OJ

r 
is the circular frequency of the rotor (rad/s); 

eM is the eccentricity of the rotor mass; 

OJr e is the accuracy of balancing of the rotor, expressed as a velocity anlp1itude. 

(4) For the accuracy of balancing, the following situations should be considered: 
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- persistent situation: 

the machine is well balanced. However, with time the balance of the machines 
decreases to a degree that is just acceptable for normal operation. A warning system 
on the machine ensures that the operator is warned in case of exceeding a cel1ain 
limit. Up to that state of balance no detrinlental vibration may occur to the structure 
and the surroundings and the requirements concerning the vibration level are to be 
fulfilled. 

accidental situation: 

the balance is completely disturbed by an accidental event: the nlonitoring system 
ensures the switch off of the nlachine. The structure is to be strong enough to 
withstand the dynamic forces. 

(5) In simple cases the interaction effect fron1 the excitation of a n1achine with a rotating 
mass and the dynamic behaviour of the structure may be expressed by a static equivalent 
force: 

= F~ (jJM 

where: 

F, is the free force of the rotor; 

(3.2) 

(jJM is the dynamic factor which depends on the ratio of the natural frequency lle (or 
OJe ) of the structure to the frequency of the exciting force l1s (or OJ,) and the 

damping ratio S. 

(6) For harn10nically varying forces (free forces of rotating equipn1ent) the 
nlagnification factor nlay be calculated in the following way: 

a) for small daInping or far from resonance 

2 2 (3.3) 
OJe OJs 

b) in case of resonance OJe = OJ, and a damping ratio S 

(3.4) 

(7) If the tilne history of the short circuit moment Mk(t) is not indicated by the 
Inanufacturer, the following expression may be used: 

() 1 0 M 
( -0

1

4 . 1 
Mk t = le ll1 ' smQNt- 2 (3.5) 
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(8) For natural frequencies in the range 0,95 D.N to 1,05 D.N the calculated frequencies 

of the electric circuit should be identical with these natural frequencies. 

(9) As a simplification, an equivalent static mOlnent may be calculated in the following 
way: 

Mk,eq 1,7 Mk,max (3.6) 

where: 

Mk,max is the peak value of the circuit moment Mk(t). 

(10) If no indication on Mk,max is given fronl the manufacturer the following value may 
be used: 

Mk,max 12Mo 

3.6 Serviceability criteria 

(1) Serviceability criteria are, in general, related to vibration lnovelnents of: 

a) the axis of the Inachine and its bearings; 

b) extreme points of the structure and the machinery. 

(2) Characteristics of the movements are: 

- the displacement anlplitude A; 

the velocity alnplitude OJs A; 

? 

the acceleration anlplitude OJ; A. 

(3.7) 

(3)P In calculating the amplitudes of the systenl, the translational vibrations as well as 
the rotational vibrations caused by the dynmnic forces and moments shall be taken into 
account and also the range of the stiffness properties of the foundation and the 
supporting medium (soil, piles). 

(4) In the simple case of a one mass spling system, see Figure 3.2, the displacenlent 
amplitudes may be calculated as follows: 

Feq A=-
k 
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where: 

k is the spring constant of the systelTI. 

Figure 3.2 - Mass spring system 
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Annex A (normative) 
Basis of design - supplementary clauses to EN 1990 for 

runway beams loaded by cranes 

A.I General 

(1) This annex gives rules on partial factors for actions (r factors), and on combinations 

of crane loads on runway beams with pennanent actions, quasi static wind, snow and 
temperature actions and on the relevant 'I' factors. 

(2) If other actions need to be considered (for instance Inlnlng subsidence) the 
conlbinations should be supplemented to take them into account. The cOlnbinations 
should also be supplemented and adapted for the execution phases. 

(3) When cOlnbining a group of crane loads together with other actions, the group of 
crane loads should be considered as a single action. 

(4) When considering combinations of actions due to crane loads with other actions the 
fol1owing cases should be distinguished: 

- runways outside buildings; 

runways inside buildings where climatic actions are resisted by the buildings and 
structural elelnents of the buildings lnay also be loaded directly or indirectly by 
crane loads. 

(5) For runways outside buildings the characteristic wind action on the crane structure 
and on the hoisting equiplnent Inay be assessed in accordance with EN 1991 I as a 
characteristic force Fwk. 

(6) When considering combinations of hoist loads with wind action, the nlaximunl wind 
force conlpatible with crane operations should also be considered. This force F*14' is 
associated with a wind speed equal to 20 mls. The reference area A,-ej;x for the hoist load 
should be determined for each specific case. 

(7) For runways inside buildings, wind actions and snow loads on the crane structure 
nlay be neglected; however in structural pm1s of the building that are loaded by wind, 
snow and crane loads the appropriate load combinations should be considered. 

A.2 Ultimate limit states 

A.2.1 Combinations of actions 

(1) For each critical load case, the design values of the effects of actions should be 
detennined by corrlbining the values of actions which occur simultaneously in 
accordance with EN 1990. 

(2) Where an accidental action is to be considered no other accidental action nor wind 
nor snow action need be considered to occur silnultaneously. 
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A.2.2 Partial factors 

(1) For ULS verifications governed by the strength of structural material or of the 
ground, the partial factors on actions for ultimate limit states in the persistent, transient 
and accidental design situations should be defined. For case EQU, see (2) below. 

NOTE: The values of the r -factors may be set in the National Annex. For the design of runway 

beams the r -values given in Table A. I are recommended. They cover cases STR and GEO 

specified for buildings in 6.4.1(1) of EN 1990. 

Table A.1 - Recommended values of r -factors 

Action Symbol Situation 
PIT A 

Permanent crane actions 
- unfavourable 

YGsup 
1,35 1,00 

- favourable 
YGinf 

1,00 1,00 

Variable crane actions 
- unfavourable 

YQSlIP 
1,35 1,00 

- favourable 
YQinf 

crane present 1,00 1,00 
crane not present 0,00 0,00 

Other variable actions rQ 
- unfavourable 1,50 1,00 
- favourable 0,00 0,00 

Accidental actions rA 1,00 

P - Persistent situation T - Transient situation A - Accidental situation 

(2) For verifications with regard to loss of static equilibrium EQU and uplift of bearings, 
the favourable and unfavourable parts of crane actions should be considered as 
individual actions. Unless otherwise specified (see in particular the relevant design 
Eurocodes) the unfavourable and favourable parts of permanent actions should be 

associated with YG Slip and YG inf respectively. 

NOTE: The values of the r -factors may be set in the National Annex. The following r -values are 

recommended: 

YGslip = 1,05 

YGinf = 0,95 

The other y-factors on actions (especially on variable actions) are as in (1). 

A.2.3 ljI-factors for crane loads 

(I) ljI-factors for crane loads are as given in Table A.2. 
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Table A.2 - lj/ -factors for crane loads 

Action Symbol lj/o lj/] lj/2 

Single crane or Q,. lj/o lj/1 lj/2 
groups of loads 
induced by cranes 

NOTE: The National Annex may specify the lj/ -factors. The following lj/ -factors are 

recommended: 

lj/o = 1,0 

lj/J = 0,9 

lj/2 = ratio between the permanent crane action and the total crane action. 

A.3 Serviceability limit states 

A.3.1 Combinations of actions 

(1) For verification of serviceability lin1it states the various combinations should be 
taken from EN 1990. 

(2) When tests are performed, the test loading of the crane, see 2.10, should be 
considered as the crane action. 

A.3.2 Partial factors 

(1) In serviceability limit states the partial factor for actions on crane supporting 
structures should be taken as 1,0 unless otherwise specified. 

A.3.3 lj/ -factors for crane actions 

(1) lj/ -factors are given in Table A.2. 

A.4 Fatigue 

( I) The verification rules for fatigue depend on the fatigue load model to be used and 
are specified in the design Eurocodes. 
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Annex B (informative) 

Guidance for crane classification for fatigue 

Table B.l- Recommendations for loading classes 

Item Type of crane Hoisting class S-classes 

I Hand-operated cranes HC 1 50,Sl 

2 Assembly cranes Hel, HC2 SO,SI 

3 Powerhouse cranes HC] SI, S2 

4 Storage cranes with intermittend operation HC2 S4 

5 Slorage cranes, spreader bar cranes, scrap yard cranes -with continuous operation HC3, HC4 S6,S7 

6 Workshop crancs HC2, HC3 S3,S4 

7 Overhead travelling cranes, ram cranes with grab or magnet operation HC3, HC4 S6,S7 

8 cranes WO S6,S7 

9 Soaking pit cranes HC3, HC4 57,S8 

10 Stripper cranes, charging cranes HC4 LS8,S9 

II Forgi ng cranes t- HC4 S6,S7 

12 Transp0l1er bridges, semi-portal cranes, portal cranes wilh trolley or slewing crane with hook HC2 S4,S5 
operation 

I Transpol1er bridges, semi-portal cranes, pOl1aI cranes with trolley or slewing crane with grab or HC3, HC4 S6,S7 
magnet operation 

*i"g belt bridge wi'h fixed 0' ,Jiding bel,(,) HC1 S3,S4 

15 ard cranes, slipway cranes, fiuing-oul cranes with hook operation HC2 S3,S4 

16 Wharf cranes, slewing, floating cranes, level luffing slewing - with hook operation HC2 S4,55 

17 Whalf cranes, slewing, tloating cranes, levellllfting slewing with grab or magnet operation HC3, HC4 S6,S7 

18 Heavy duty !loating cranes, gantry cranes 
I 

HC1 SI, S2 

[9 Shipboard cargo cranes - with hook operation HC2 S3,S4 

20 Shipboard cargo cranes - with grab or magnet operation HC3, HC4 S4,S5 

21 Tower slewing cranes for the constlUction industry HCl S2,S3 

~ctiOIl crane;" derrick cranes - with hook operation HCI,HC2 SI, S2 

23 Rail mounted slewing cranes with hook operation HC2 S3, S4 

24 Rail mounted slewing cranes with grab or magnet operation HC3,H S4,S5 

25 Railway cr~mes authorised on trains HC2 S4 

26 Tmck cranes, mobile cranes - with hook operation HC2 S3,S4 

r;-7 Tmck cranes, mobile cranes - with grab or magnet operation HC3,HC4 S4,S5 

28 Heavy duty truck cranes, heavy duty mobile cranes HCI SI, S2 
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Foreword 

This document (EN 1991-4:2006) has been prepared by Technical Committee CENfTC2S0 "Structural 
Eurocode", the secretariat of which is held by BSI. 

This document shall be given the status of a national standard, either by publication of an identical text or by 
endorsement, at the latest by November 2006, and conflicting national standards shall be withdrawn at the latest by 
March 20JO. 

This document supersedes ENV 1991-4:1995. 

According Lo the CEN/CENELEC Internal Regulations, the national standards organizations of the following 
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic, Denmark, 
Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, 
Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland and the United 
Kingdom. 

Background of the Eurocode programme 

In 1975, the Commission of the European Community decided on an action programme in the field of 
construction, based on Article 95 of the Treaty. The objective of the programme was the elimination of technical 
obstacles to trade and the harmonization of technical specifications. 

Within this action programme, the Commission took the initiative to establish a set of harmonized technical 
rules for the design of construction works which, in a first stage, would serve as an alternative to the national 
rules in force in the Member States and, ultimately, would replace them. 

For fifteen years, the Commission, with the help of a Steering Committee with Representatives of Member 
States, conducted the development of the Eurocodes programme, which led to the first generation of European 
codes in the 1980s. 

In 1989, the Commission and the Member States of the EU and EFTA decided, on the basis of an agreement l ) 

between the Commission and CEN, to transfer the preparation and the publication of the Eurocodes to the CEN 
through a series of Mandates, in order to provide them with a future status of European Standard (EN). This 
links de facto the Eurocodes with the provisions of alJ the Council's Directives and/or Commission's Decisions 
dealing with European standards (e.g. the Council Directive 891l06IEEC on construction products CPD and 
Council Directives 93/37/EEC, 92/50/EEC and 89/440/EEC on public works and services and equivalent EFTA 
Directives initiated in pursuit of setting up the internal market). 

The Structural Eurocode programme comprises the following standards generally consisting of a number of 
parts: 

ENl990 
ENl99l 
ENl992 
ENl993 
EN1994 
EN1995 
ENl996 
EN1997 
EN1998 
EN1999 

Eurocode: Basis of structural design 
Eurocode 1: Actions on structures 
Eurocode 2: Design of concrete structures 
Eurocode 3: Design of steel structures 
Eurocode 4: Design of composite steel and concrete structures 
Eurocode 5: Design of timber structures 
Eurocode 6: Design of masonry structures 
Eurocode 7: Geotechnical design 
Eurocode 8: Design of structures for earthquake resistance 
Eurocode 9: Design of aluminium structures 

J) Agreement between the Commission of the European Communities and the European Committee for Standardisation 
(CEN) concerning the work on Eurocodes for the design of building and civil engineering works (BC/CEN/03/89). 
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Eurocode standards recognize the responsibility of regulatory authorities in each Member State and have 
safeguarded their right to determine values related to regulatory safety matters at national level where these 
continue to vary from State to State. 

Status and field of application of Eurocodes 

The Member Slates of the EU and EFTA recognize that Eurocodes serve as reference documents for the 
following purposes: 

as a means to prove compliance of building and civil engineering works with the essential requirements of 
Council Directive 89/106/EEC, particularly Essential Requirement N° I Mechanical resistance and stability 
and Essential Requirement N°2 Safety in case of fire; 

as a basis for specifying contracts for construction works and related engineering services; 

as a framework for drawing up harmonized technical specifications for construction products (ENs and 
ETAs). 

The Eurocodes, as far as they concern the construction works themselves, have a direct relationship with the 

Interpretative Documents2) referred to in Article 12 of the CPD, although they are of a different nature from 

harmonized product standards3>. Therefore, technical aspects arising from the Eurocodes work need to be 
adequately considered by CEN Technical Committees and/or EOTA Working Groups working on product 
standards with a view to achieving full compatibllity of these technical specifications with the Eurocodes. 

The Eurocode standards provide common structural design rules for everyday use for the design of whole 
structures and component products of both a traditional and an innovative nature. Unusual forms of construction 
or design conditions are not specifically covered and additional expert consideration will be required by the 
designer in such cases. 

National Standards ilnplementing Eurocodes 

The National Standards implementing Eurocodes will comprise the full text of the Eurocode (including any 
annexes), as puhlished by CEN, which may be preceded by a National title page and National foreword, and 
may be followed by a National Annex. 

The National Annex may only contain inJbrmation on those parameters which are left open in the Eurocode for 
national choice, known as Nationally Determined Parameters, to be used for the design of buildings and civil 
engineering works to be constructed in the country concerned, i.e.: 

values and/or classes where alternatives are given in the Eurocode, 

values to be used where a symhol only is given in the Eurocode, 

country specific data (geographical, climatic, etc), e.g. snow map, 

the procedure to be used where alternative procedures are given in the Eurocode. 

It may also contain: 

2) According to Article 3.3 of the CPD, the essential requirements (ERs) shall be given concrete form in interpretative 
documents for the creation of the necessary links between the essential requirements and the mandates for harmonized ENs 
and ET AGs/ET As. 

3) 
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According to Article 12 of the CPO the interpretative documents shall: 

a) give concrete form to the essential requirements by harmonizing the terminology and the technical bases and indicating 
classes or levels for each requirement where necessary; 

b) indicate melhods of correlating these classes or levels of requirement with the technical specifications, e.g. methods of 
calculation and technical rules for project design, etc.; 

c) serve as reference for the establishment of harmonized standards and guidelines for European technical approvals. 

The Eurocodes, de facto, playa similar role in the field of the ER I and a part of ER 2. 



EN 1991-4:2006 (E) 

decisions on the application of informative annexes, 

references to non-contradictory complementary information to assist the user to apply the Eurocode. 

Links between Eurocodes and harmonized technical specifications (ENs and ETAs) for products 

There is a need for consistency between the harmonized technical specifications for construction products and 

the technical rules for works4). Furthermore, all the information accompanying the CE Marking of the 
construction produets which refer to Euroeodes shall clearly mention which Nationally Determined Parameters 
have been taken into account. 

Additional inforlnation specific to EN1991-4 

EN 1991-4 gives design guidance for the assessment of actions for the structural design of silos and tanks. 

EN 1991-4 is intended for clients, designers, contractors and relevant authorities. 

EN 1991-4 is intended to be used in conjunction with EN 1990, with the other parts of EN 1991, with EN 1992 
and EN J 993, and with the other parts of EN 1994 to EN 1999 relevant to the design of silos and tanks. 

National Annex for EN1991-4 

This standard gives alternative procedures, values and recommendations for classes with notes indicating where 
national choices may have to be made. Therefore the National Standard implementing EN 1991-4 should have a 
National Annex containing all Nationally Determined Parameters to be used for the design of buildings and civil 
engineering works to be constructed in the relevant country. 

National choice is a]]owed in EN 1991-4 through: 

2.5 (5) 

3.6 (2) 

5.2.4.3.1 (3) 

5.4.1 (3) 

5.4.1 (4) 

A.4 (3) 

B.2.l4 (1) 

4) See Article 3.3 and Article 12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 of ID I. 
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Section 1 General 

1.1 Scope 

1.1.1 Scope of EN 1991 - Eurocode 1 

(I)P EN 1991 provides general principles and actions for the structural design of buildings and civil 
engineering works including some geotechnical aspects and shall be used in conjunction with EN 1990 and EN 
1992-1999. 

(2) EN] 991 also covers structural design during execution and structural for temporary structures. It 
relates to all circumstances in which a structure is required to give adequate performance. 

(3) EN 1991 is not directly intendcd for the structural appraisal of existing construction, in developing the 
design of repairs and alterations or for assessing changes of use. 

(4) EN ] 991 does not completely cover special design situations which require unusual reliability 
considerations such as nuclear structures for which specified design procedures should be used. 

1.1.2 Scope of EN 1991-4 actions on structures: silos and tanks 

(I)P This part provides general principles and actions for the structural design of silos for the storage of 
particulate solids and tanks for the storage of lluids and shall be used in conjunction with EN 1990, other parts 
of EN 1991 and EN 1992 to EN 1999. 

(2) This part includes some provisions for actions on silo and tank structures that are not only associated with 
the stored solids or liquids (e.g. the effects of thermal differentials, aspects of the differential settlements of 
batteries of 

The following geometrical limitations apply to the design rules for silos: 

the silo cross-section shapes are limited to those shown in Figure 1.Id, though minor variations may be 
aceepted provided the structural consequences of the resulting changes in pressure are considered; 

the following dimensional limitations apply: 

ht/de < 10 

hb < 100 111 

< 60 m 

the transition lies in a single horizontal plane (see 1.1a); 

the silo does not contain an internal structure such as a cone or pyramid with its apex uppermost, cross
beams, etc. However, a rectangular silo may contain internal ties. 

(4) The folJowing limitations on the stored solids apply to the design rules for silos: 

8 

each silo is designed for a defined range of particulate solids properties; 

the stored solid is free-flowing, or the stored solid can be guaranteed to now freely within the silo container 
as designed (see 1.5.12 and Annex C); 

the maximum particle diameter of the stored solid is not greater than 0,03dc Figure l.ld). 

NOTE: When particles are large compared to the silo wall thickness, account should be taken of the effects of single 
particles applying local forces on the wall. 
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(5) The following limitations on the filling and discharge anangements apply to the design rules for silos: 

filling involves only negligible inertia effects and impact loads; 

where discharge devices are used (for example feeders or internal flow tubes) solids flow is smooth and 
centraL 

he r 

2 de 

a) Geometry 

A/V = rl2 

Key 

Equivalent surface 
2 Inside dimension 
3 Transition 
4 Surface profile for full condition 
5 Silo centre line 

z 

p7~ 
~~ 

hb ~ 

Pv Pw~ 
! ~ ~ 

b) Eccentricities c) Pressures and tractions 

a/4 A/V = (b/2) 1 (l +b/a) 

I~ 
a 

~I 

0",····~ 
.- ' .. 

: : 

~ d ] 
-"" S·· 

A/V = --J3 (0/4) 

d) Cross-section shapes 

d /4 
( 

Figure 1.1: Silo forms showing dimensions and pressure notation 
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(6) Only hoppers that are conical (i.e. axisymmetric), square pyramidal or wedge-shaped (i.e. with vertical end 
walls) are covered by this standard. Other hopper shapes and hoppers with internals require special 
considerations. 

(7) Some silos with a systematically non-symmetric geometry are not specifically covered by this standard. 
These cases include a chisel hopper (i.e. a wedge hopper beneath a circular cylinder) and a diamond-back 
hopper. 

(R) The design rules for tanks apply only to tanks storing liquids at normal atmospheric pressure. 

(9) Actions on the roofs of silos and tanks are given in EN 199] -1-1, EN 199] -1-3 to EN 1991-1-7 and EN 
1991-3 as appropriate. 

(10) The design of silos for reliable solids discharge is outside the scope of this standard. 

(11) The design of silos against silo quaking, shocks, honking, pounding and silo music is outside the scope of 
this standard. 

NOTE: These phenomena are not well understood, so the use of this standard does not guarantee that they will not 
occur, or that the structure is adequate to resist them. 

1.2 Normative references 

This European Standard incorporates, by dated or undated reference, provisions from other publications. These 
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For 
dated references, subsequent amendments to or revisions of any of these publications apply to this European 
Standard only when incorporated in it by amendment or revision. For undated references the latest edition of the 
publication applies (including amendments). 

lO 

ISO 3898: 1997 Basis of design for structures: Notation. General symbols 

NOTE: The following European Standards which are published or in preparation are cited at the appropriate places 
in the text: 

EN 1990 Basis of structural design 

EN 1991-1-1 Eurocode I: Actions on structures: Part 1.1: Densities, self-weight and imposed loads 

EN 1991-1-2 Eurocode 1: Actions on structures: Part 1.2: Actions on structures exposed to fire 

EN 1991-1-3 Eurocode I: Actions on structures: Part 1.3: Snow loads 

EN 1991-1-4 Eurocode I: Actions on structures: Part 1.4: Wind actions 

EN 1991-1-5 Eurocode I: Actions on structures: Part 1.5: Thermal actions 

EN 1991-1-6 Eurocode I: Actions on structures: Part 1.6: General aCLions. Actions during execution 

EN 1991-1-7 Eurocode I: Actions on sLructures: Part 1.7: Accidental actions 

EN 1991-2 Eurocode I: Actions on structures: Part 2: Traffic loads on bridges 

EN 1991-3 Eurocode 1: Actions on structures: Part 3: Actions induced by cranes and machinery 

EN 1992 Eurocode 2: Design of concrete structures 

EN 1992-4 Eurocode 2: Design of concrete structures: Part 4: Liquid retaining and containment structures 

EN 1993 Eurocode 3: Design of steel structures 

EN 1993-1-6 Eurocode 3: Design of sLeel structures: General rules: Part 1.6: Supplementary rules for the strength and 
stability of shell structures 
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EN 1993-4-1 Eurocode 3: Design of steel structures: Part 4.1: Silos 

EN 1993-4-2 Eurocode 3: Design of steel structures: Part 4.2: Tanks 

EN 1994 Eurocode 4: Design of composite steel and concrete structures 

EN 1995 Eurocode 5: Design of timber structures 

EN 1996 Eurocode 6: Design of masonry structures 

EN 1997 Eurocode 7: Geotechnical design 

EN 1998 Eurocode 8: Design of structures for earthquake resistance 

EN 1999 Eurocode 9: Design of aluminium structures 

1.3 Assumptions 

(I)P The general assumptions given in EN 1990, 1.3 apply. 

1.4 Distinction between principles and application rules 

(1) Depending on the character of the individual paragraphs, distinction is made in lhis part between principles 
and application rules. 

(2) The principles comprise: 

general statements and definitions for which there is no ahernative, as well as 

requirements and analytical models for which no alternative is permitted unless specifically stated. 

(3) The principles are identified by the letter P following the paragraph number. 

(4) The application rules are generally recognized rules which follow the principles and satisfy their 
requirements. 

(5) It is permissible to use alternative rules different from the application rules given in this Eurocode, 
provided it is shown that the alternative rules accord with thc relevant principles and have at least the same 
reliability. 

(6) In this part the application rules are identified by a number in parentheses, e.g. as this paragraph. 

1.5 Definitions 

For the purposes of this standard, a basic list of definitions is provided in EN 1990, 1.5 and the additional 
definitions given below are specifie to this part. 

1.5.1 
aerated silo bottom 
a silo base in which air slides or air injection is used to activate flow in the bottom of the silo (see figure 3.5b) 

1.5.2 
characteristic dimension of inside of silo cross~section 
the characteristic dimension 

Figure 1.1 d) 

1.5.3 
circular silo 

is the diameter of the largest inscribed circle within the silo cross-section 

a silo whose plan cross-section is circular (see Figure].l d) 
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1.5.4 
cohesion 
the shear strength of the stored solid when the normal stress on the failure plane is zero 

1.5.5 
conical hopper 
a hopper in which the sloping sides converge towards a single point intended to produce axisymmetric flow in 
the stored solid 

1.5.6 
eccentric discharge 
now pattern in the stored solid arising from moving solid being unsymmetrically distributed relative to the 
vertical centreline of the silo. This normally arises as a result of an eccentrically located outlet (see Figures 3.2c 
and d, 3.3b and c), but can be caused by other unsymmetrical phenomena (see Figure 3.4d) 

1.5.7 
eccentric filling 
a condition in which the top of the heap at the top of the stored solids at any stage of the filling process is not 
located on the vertical centreline of the silo (see Figure 1.lb) 

1.5.8 
equivalent surface 
level surface giving the same volume of stored solid as the actual surface (see Figure 1.1 a) 

1.5.9 
expanded flow hopper 
a hopper in which the lower section of the hopper has sides sufficiently steep to cause mass tlow, while the 
upper section of the hopper has shallow sides and funnel flow is expected (see Figure 3.5d). This expedient 
arrangement reduces the hopper height whilst reliable discharge 

1.5.10 
flat bottom 
the internal base of a silo, when it has an inclination to the horizontal less than 5° 

1.5.11 
flow pattern 
the form of 1lowing solid in the silo when flow is well established (see Figures 3.1-3.4). The silo is close to the 
full condition 

1.5.12 
fluidized solid 
a state of a stored fine particulate solid when its bulk contains a high proportion of interstitial air, with a pressure 
gradient that supports the weight of the particles. The air may be introduced either by aeration or by the fil1ing 
process. A solid may be said to be partially fluidized when only part of the weight of particles is supported by 
the interstitial air pressure gradient 

1.5.13 
free flowing granular solid 
a granular solid whose tlowing behaviour is not significantly affected by cohesion 

1.5.14 
full condition 
a silo is said to be in the full condition when the top surface of the stored solid is at the highest position 
considered possible under operating conditions during the design life-time of the structure. This is the assumed 
design condition for the silo 

12 



1.5.15 
funnel flow 
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a flow pattern in which a channel of flowing solid develops within a confined zone above the outlet, and the 
solid adjacent to the wall near the outlet remains stationary (see Figure 3.1). The flow channel can il1lersect the 
vertical walled segment (mixed flow) or extend to the surface of the stored solid (pipe tlow) 

1.5.16 
granular solid 
a particulate solid in which all the particles are so large that interstitial air plays a small role in determining the 
pressures and now of large masses of the solid 

1.5.17 
high filling velocity 
the condition in a silo where the rapidity of filling can lead to entrainment of air within the stored solid to such 
an extent that the pressures applied to the wa]Js are substantially changed from those without air entrainment 

1.5.18 
homogenizing fluidized silo 
a silo in which the particulate solid is Iluidized to assist b1ending 

1.5.19 
hopper 
a silo bottom with inclined walls 

1.5.20 
hopper pressure ratio F 
the ratio of the normal pressure Pn on the sloping wall of a hopper to the mean vertical stress Py in the solid at 

the same level 

1.5.21 
intermediate slenderness silo 
a silo where 1,0 < II/de < 2,0 (except as defined in 3.3) 

1.5.22 
internal pipe flow 
a pipe now pattern in which the flow channel boundary extends to the surface of the stored solid without contact 
with the wall (see Figures 3.1 and 3.2) 

1.5.23 
lateral pressure ratio K 
the ratio of the mean horizontal pressure 011 the vertical wall of a silo to the mean vertical stress in the solid at 
the same level 

1.5.24 
low cohesion 
a particulate solid sample has low cohesion if the cohesion c is less than 4 % of the preconsolidalion stress (Jr (a 

method for determining cohesion is given in C.9) 

1.5.25 
mass flow 
a flow pattern in which all the stored parlic1es are simultaneously in motion during discharge (see Figure 1.1 a) 

1.5.26 
mixed flow 
a funnel flow pattern in which the flow channel intersects the vertical wall of the silo at a point below the solid 
surface (see Figures 3. I c and 3.3) 
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1.5.27 
non-circular silo 
a silo whose plan cross-section is in any shape that is not circular 

1.5.28 
particulate solid 
a solid in the form of many discrete and independent particles 

1.5.29 
patch load 

Figure 1.1 d) 

a local load taken to act over a specified zone on any part of the vertical wall of a silo 

1.5.30 
pipe flow 
a now pattern in which the particulate solid in a vertical or nearly vertical channel above the outlet is in motion, 
but is surrounded by stationary solid (see Figures 3.1 band 3.2). Flow may occur against the silo wall if the 
outlet is eccentric (see Figures 3.2c and d) or if specific factors cause the channel location to move from above 
the outlet (see Figure 3.4d) 

1.5.31 
plane flow 
a now profile in a rectangular or a square cross-section silo with a slot outlet. The slot is paraIlel with two of the 
silo walls and its length is equal to the length of these walls 

1.5.32 
powder 
for the purposes of this standard, a solid whose mean particle size is less than 0,05 mm is classed as a powder 

1.5.33 
pressure 
force per unit area normal to a wall of the silo 

1.5.34 
retaining silo 
a silo whose bottom is flat and where hide ~ 0,4 

1.5.35 
shallow hopper 
a hopper in which the full value of wall friction is not mobilized after filling the silo 

1.5.36 
silo 
containment structure used to store particulate solids (i.e. bunker, bin or silo) 

1.5.37 
slender silo 
a silo where hide ~ 2,0 or that meets the additional conditions defined in 3.3 

1.5.38 
slenderness 
the aspect ratio hide of the silo vertical section 

1.5.39 
squat silo 
a silo where 0,4 < hide ::; 1,0 or that meets the additional conditions defined in 3.3. Where hide ~ 0,4, the silo is 

squat if there is a hopper, but a retaining silo if the bottom is t1at 
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1.5.40 
steep hopper 
a hopper in which the full value of wall friction is mobilized after filling the silo 

1.5.41 
stress in the stored solid 
force per unit area within the stored solid 

1.5.42 
tank 
containment structure used to store liquids 

1.5.43 
thick-walled silo 
a silo with a characteristic dimension to wall thickness ratio Jess than dc!t = 200 

1.5.44 
thin-walled circular silo 
a circular silo with a diameter to wall thickness ratio greater than dc!t = 200 

1.5.45 
traction 
force per unit area parallel to the wall of the silo (vertical or inclined) 

1.5.46 
transition 
the intersection of the hopper and the vertical wall 

1.5.47 
vertical walled segment 
the part of a silo or a tank with vertica.1 walls 

1.5.48 
wedge hopper 

EN 1991·4:2006 (E) 

a hopper in which the sloping sides converge only in one plane (with vertical ends) intended to produce plane 
now in the stored solids 

1.6 Symbols used in Part 4 of Eurocode 1 

A list of elementary symbols is provided in EN 1990. The foJlowing additional symbols are specific to this part. 
The symbols used are based on ISO 3898: 1997. 

1.6.1 Roman upper case letters 

A plan cross-sectional area of vertical walled segment 

Ac plan cross-sectional area of now channel during eccentric discharge 

B depth parameter for eccentrically filled squat silos 

C load magnifying factor 

Co discharge factor (load magnifying factor) for the solid 

Cop patch load solid reference factor (load magnifying factor) for the stored solid 

Cb bottom load magnifying factor 
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Ch horizontal pressure discharge factor (load magnifying factor) 

Cpe discharge patch load factor (load magnifying factor) 

Cpf filling patch load factor (load magnifying factor) 

Cs slenderness adjustment factor for intermediate slenderness silos 

CT load multiplier for temperature differentials 

Cw wall frictional traction discharge factor (load magnifying factor) 

E flow channel eccentricity to silo radius ratio 

Es effective elastic modulus of stored solid at relevant stress level 

Ew elastic modulus of silo wall 

F ratio of normal pressure on hopper wall to mean vertical stress in the solid 

Fe hopper pressure ratio during discharge 

Fr hopper pressure ratio after filling 

Fpe total horizontal force due to patch load on thin walled circular silo during discharge 

Fpf total horizontal force due to patch load on thin walled circular silo aCter filling 

G ratio of radius of now channel to radius of circular silo 

K characteristic value of lateral pressure ratio 

KIll mean value of lateral pressure ratio 

Ko value of K measured for zero horizontal strain, under horizontal and vertical principal stresses 

S hopper geometry factor (=2 for conical, =1 for wedge) 

T temperature 

U internal perimeter of the plan cross-section of the vertical walled segment 

Usc internal perimeter of flow channel to static solid contact under eccentric discharge 

U we internal peri meter of now channel wall contact under eccentric discharge 

Y depth variation function 

YJ Janssen pressure depth variation function 

Y R squat silo pressure depth variation function 

1.6.2 Roman lower case letters 

a side length of a rectangular or hexagonal silo (see Figure 1.1 d) 
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a property modification coefficient to give upper and lower characteristic values from mean values 

aK modification coefficient for lateral pressure ratio 

ar modification coefficient for bulk unit weight 

a~!) modification coefficient for internal friction angle 

a p modification coefficient for wall friction coefficient 

b width of a rectangular silo (see Figure 1.1d) 

b empirical coefficient for hopper pressures 

c cohesion of the solid 

de characteristic dimension of inside of silo cross-section (see Figure 1.1 d) 

e the larger of ef and eo 

ee eccentricity of the centre of the flow channel in highly eccentric tlow (see Figure 5.5) 

ef maximum eccentricity of the surface pile during the filling process (see Figure l.Ib) 

maximum filling eccentricity for which simple rules may be used (ef,er= O,25de) 

eo eccentricity of the centre of the outlet (see Figure 1.1 b) 

maximum outlet eccentricity for which simple rules may be used (eo,cr= O,25de) 

e t eccentricity of the centre of the top surface pile when the silo is full (see Figure 1.1 b) 

et,cr maximum top surface eccentricity for which simple rules may be used (et,er= O,25de) 

hb overall height of silo from the hopper apex to the equivalent surface (see Figure 1.1 a) 

he height of vertical-walled segment of si 10 from the transition to the equivalent surface (see Figure 1.1 a) 

hh height of hopper from the apex to the transition (see Figure 1.1a) 

ho depth below the equivalent surface of the base of the top pile (lowest point on the wall that is not in contact 

with the stored solid (see Figures 1. la, 5.6 and 6.3)) 

hlp total height of the top pile of solid (vertical distance from lowest point 011 the wall that is not in contact 

with the stored solid to the highest stored particle (see Figures 1.] a and 6.3)) 

11 power in hopper pressure relationship 

l'lzSk characteristic value of vertical stress resultant per unit perimeter in the vertical walled segment 

p pressure 

Ph horizontal pressure due to stored particulate solid (see Figure 1.1 c) 

Phae horizontal pressure in static solid adjacent to the flow channel during eccentric discharge 
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Phce horizontal pressure in flow channel during eccentric discharge 

Phco asymptotic horizontal pressure at great depth in now channel during eccentric discharge 

Phe horizontal pressure during discharge 

Phe,u horizontal pressure during discharge calculated using the simplified method 

Phi' horizontal pressure after filling 

Phlb horizontal pressure after filling at the base of the vertical waJled segment 

Phf,u horizontal pressure after filling calculated using the simplified method 

Pho asymptotic horizontal pressure at great depth due to stored particulate solid 

Phse horizontal pressure in static solid distant from the now channel during eccentric discharge 

PhT horizontal increase in pressure due to a temperature differential 

Pn pressure normal to hopper wall due to stored particulate solid (see Figure J.1 c) 

Pne pressure normal to hopper wall during discharge 

Pnr pressure normal to hopper wall after filling 

Pp patch pressure 

Ppe patch pressure during discharge 

Ppei inverse complementary patch pressure during discharge 

Ppe,nc uniform pressure on non-circular silo to represent patch load effects during discharge 

Ppf patch pressure after filling 

Ppfi inverse complementary patch pressure after filling 

Ppf,ne uniform pressure on non-circular silo to represent patch load effects after filling 

Pp,sq patch pressure in squat silos 

Ppcs patch pressure at circumferential coordinate 8(thin walled circular silos) during discharge 

Ppfs patch pressure al circumferential coordinate 8(thin walled circular silos) after filling 

PI hopper frictional traction (see Figure]. Ic) 

Pte hopper frictional traction during discharge 

Ptr hopper frictional traction after filling 

Pv vertical stress in stored solid (see Figure 1.1 c) 
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Pvh vertical pressure evaluated at the level of the base in a squat silo using Expression (6.2) 

Pvf vertical stress in stored solid after filling 

Pvft vertical stress in the stored solid at the transition after filling (base of the vertical walled segment) 

Pvho vertical pressure evaluated at the base of the top pile using Expression (5.79) with z 110 

vertical pressure acting on the flat bottom of a squat or intermediate slenderness silo 

Pvtp geostatic vertical pressure at the base of the top pile 

PI\' wall frictional traction on the vertical wall (frictional shear force per unit area) (see Figure I. I c) 

Pwae wall frictional traction in static solid adjacent to the now channel during eccentric discharge 

Pwee wall frictional traction in flow channel during eccentric discharge 

Pwe wall frictional traction during discharge 

Pwe,u wall frictional traction during discharge calculated using the simplified method 

Pwf wall frictional traction after filling 

Pwf,u wall frictional traction after filling calculated using the simplified method 

wall frictional traction in static solid adjacent to the flow channel during eccentric discharge 

r equivalent radius of silo (r = Q,5dc) 

rc radius of eccentric now channel 

s dimension of the zone affected by the patch load (s nd/16 == Q,2dc) 

silo wall thickness 

x vertical coordinate in hopper with origin at cone or pyramidal apex (see Figure 6.2) 

Z depth below Lhe equivalent surface of the solid in the full condition (see Figure 1. I a) 

20 Janssen characteristic depth 

zoe Janssen characteristic depth for f10w channel under eccentric discharge 

Zp depth below the equivalent surface of the centre of the thin-walled silo patch load 

Zs depth below the highest solid-wall contact (see Figures 5.7 and 5.8) 

Zy depth measure used for vertical stress assessment in squat silos 

1.6.3 Greek upper case letters 

L1 horizontal displacement of the upper part of a shear cell 
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Li incremental operator, which appears in the following composite symbols: 

LiPsq difference between vertical pressures assessed by two methods for squat silos 

LiT difference between temperature of the stored solid and the silo wall 

Ltv increment of vertical displacement measured during materials testing 

Lto" increment of slress applied to a celJ during materials testing 

1.6.4 Greek lower case letters 

a mean angle of inclination of hopper wall measured from the horizontal (see Figure 1.1 b) 

aw thermal expansion coefficient for silo wall 

fJ angle of inclination of hopper wall measured from the vertical (see Figures 1.1a and 1.Jb), or the steepest 
slope on a square or rectangular pyramidal hopper 

r upper characteristic value of the bulk unit weight of liquid or partieulate solid 

II hulk unit weight of l1uidizcd stored particulate solid 

J standard deviation of a property 

fJ circumferential angular coordinate 

fJc eccentric llow channel wall contact angle (circumferential coordinate of the edge of the low pressure zone 

under eccentric discharge (see Figure 5.5)) 

Ij/ eccentric flow channel wall contact angle measured from flow channel centre 

Ji characteristie value of coefficient of wall friction for a vertical wall 

JihelT effeclive or mobilized friction in a shallow hopper 

Jih coefficient or wall friction for hopper 

Ji
lll 

mean value of coefficient of wall friction between a particulate solid and the wall 

v Poisson's ratio for the stored solid 

¢c characteristic value of unloading angle of intemal friction of a particulate solid (see C.9) 

¢i characteristic value of loading angle of internal friction of a particulate solid (see C.9) 

¢im mean value of the loading angle of internal friction (see C.9) 

¢r angle of repose of a particulate solid (conical pile) (see Figure 1.1 a) 

¢w wall friction angle arctan(u)) between a particulate solid and the silo wall 

¢wh hopper wall il'iclion angle arctan(Jih)) between a particulate solid and the hopper wall 

O"r reference stress level for solids testing 
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1.6.5 Subscripts 

d design value (adjusted by partial factor) 

e discharge (emptying) of solids 

f filling and storing of solids 

h hopper 

h horizontal 

K lateral pressure ratio 

m mean value 

n normal to the wall 

nc non-circular silo 

p patch load 

tangential to the wall 

u uniform 

v venical 

w wall frictional 

r bulk unit weight 

qJ angle of internal friction 

J1 wall friction coefficient 
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Section 2 Representation and classification of actions 

2.1 Representation of actions on silos 

(l)P Actions on silos shall be determined taking account of the silo structure, the stored solid properties, and the 
discharge now patterns that arise during the process of emptying. 

(2)P Uncertainties concerning the flow patterns, the influence of the eccentricities of inlet and outlet on the 
filling and discharge processes, the innuence of the form of the silo on the type of flow pattern, and the time
dependent filling and discharge pressures shall be taken into account. 

NOTE: The magnitude and distribution of the loads depend on the silo structure, the stored solid properties, 
and the discharge flow patterns that arise during the process of emptying. The inherent variability of stored solids and 
simplifications in the load models lead to differences between actual silo loads and loads given by the design rules in 
Sections 5 and 6. For example, the distribution of discharge pressures varies around the wall as a function of lime and 
no accurate prediction of the mean pressure or its variance is possible at this time. 

(3)P Loads on the vertical walls of silos due to filling and discharge of particulate solids with small 
eccentricities shall be represented by a symmetrical load and an unsymmetrical patch load. Where larger 
eccentricities occur, the loads shall be represented by unsymmetrical pressure distributions. 

(4) The characteristic value of actions on silos defined in this standard are intended to correspond to values 
that have a probability of 2 % that they wi11 be exceeded within a reference period of ] year. 

NOTE: The characteristic values are not based on a formal statistical analysis because such data is not currently 
available. Instead they are based on historical values used in earlier standards. The above definition corresponds to that 
given in EN 1990. 

(5) If the structural form selected for the silo is likely to be sensitive to deviations in load patterns, a sensitivity 
analysis should be performed. 

(6) Symmetrical loads on silos should be expressed in terms of a horizontal pressure Ph on the inner surface of 

the vertical silo wall, a normal pressure Pn on an inclined wall, tangential frictional tractions on the walls Pw and 

Pp and a vertical pressure Pv in the stored solid. 

(7) Unsymmetrical loads on the vertical walls of silos with small eccentricities of filling and discharge should 
be represented by patch loads. These patch loads should be expressed in terms of a local horizontal pressure Ph 

on the inner surface of the silo. 

(8) Unsymmetrical loads on the vertical walls of silos with larger eccentricities of filling and discharge should 
be represented by unsymmetrical distributions of horizontal pressure Ph and wall frictional traction Pw' 

(9) Load magnifiers C should be used to represent unfavourable additional loads. 

(10) For silos in Action Assessment Classes 2 and 3 (see 2.5), the load magnifiers C should be used to 
represent only unfavourable additional loads associated with solids flow during discharge. 

(I]) For silos in Action Assessment Class 1, load magnifiers C should be used to represent both unfavourable 
additional loads associated discharge now and the effects of variability of the stored solid. 

NOTE: The load magnifiers C are intended to account for uncertainties concerning the now patterns, the influence 
of the eccentricities of inlet and oLltlet on the filling and discharge processes, the inlluence of the form of the silo on the 
type of now pattern, and the approximations used in transforming the time-dependent filling and discharge pressures 
into time-independent models. For silos in Action Assessment Class I, the load magnifier also accounts for the 
inherent of the properties of the stored solid. For silos in Action Assessment Classes 2 and 3, the variability 
of the design parameters llsed to represent the stored solid is taken into account in the adopted characteristic values for 
the slorecJ material properties %, p, K and ~ and not in the load magnifiers C. 

(12) For silos in Action Assessment Class I, unsymmetrical loads should be represented by an increase in the 
symmetrical load, using a discharge load magnifying factor C. 
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(13) For silos in Action Assessment Class 2, unsymmetrical patch loads may be alternatively represented by a 
substitute increase in the symmetrical load that is related to the unsymmetrical patch load magnitude. 

2.2 Representation of actions on tanks 

(I)P Loads on tanks due to liquids shall be represented by a hydrostatic distributed load. 

(2) The characteristic value of actions on tanks defined in this standard are intended to cOlTespond to values 
that have a probability of 2 % that they will be exceeded within a reference period of 1 year. 

NOTE: The characteristic values are not based on a formal statistical analysis because such data is not currently 
available. Instead they are based on historical values used in earlier standards. The above definition corresponds to that 
given in EN 1990. 

2.3 Classification of actions on silos 

(])P Loads due to stored particulate solids in silos shall be classified as variable actions, see EN 1990. 

(2)P Symmetrical loads on silos shall be classified as variable fixed actions, see EN 1990. 

Ci)P Patch loads associated with fil1ing and discharging processes in silos shall be classified as variable free 
actions. 

(4)P Eccentric loads associated with eccentric filling or discharge processes in silos shall be classified as 
variable fixed actions. 

(5)P Gas pressure loads attributable to pneumatic conveying systems shall be classified as variable fixed 
actions. 

(6)P Loads due to dust explosions shall be classified as accidental actions. 

2.4 Classification of actions on tanks 

(I)P Loads 011 tanks shall be classified as variable fixed actions, see EN 1990. 

2.S Action assessment classification 

(I) Different levels of rigour should be used in the design of silo structures, depending on the reliability of the 
structural arrangement and the susceptibility to different failure modes. 

(2) The silo design should be carried out according to the requirements of the following three Action 
Assessment Classes used in this part, which produce designs with essentially equal risk in the design assessment 
and considering the expense and procedures necessary to reduce the risk of failure for different structures (see 
EN 1990,2.2 (3) and (4)): 

Action Assessment Class 1 (AAC I); 

Action Assessment Class 2 (AAC 2); 

Action Assessment Class 3 (AAC 3). 

(3) A higher Action Assessment Class than that required in 2.5 (2) may always be adopted. Any part of the 
procedures for a higher Action Assessment Class may be adopted whenever it is appropriate. 

(4) For silos in Action Assessment Class I, the simplified provisions of this standard for that class may be 
adopted. 
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(5) The Action Assessment Class for a silo should be determined by the conditions of the individual storage 

unit, not on those of an entire silos battery or group of silos that may be situated in a complete facility. 

24 

NOTE I: The National Annex may define the class boundaries. Table 2.1 shows recommended values. 

Table 2.1: Recommended classification of silos for action assessments 

Actinn Assessment Class Description 
Action Assessment Class 3 Silos with capacity in excess of 10000 tonnes 

Silos with capacity in excess of 1000 tonnes in which any of the following 
design situations occur: 
a) eccentric discharge with ecldc> 0,25 (see figure 1.1 b) 

b) squat silos with top surface eccentricity with >0,25 

Action Assessment Class 2 All silos covered by this standard and not placed in another class 

Action Assessment Class I Silos with capacity below 100 tonnes 

NOTE 2: The above differentiation has been made in relation to the uncertainty in determining actions with 
appropriate precision. Rules for small silos are simple and conservative because they have an inherent robustness and 
the high cost of materials testing of stored solids is not justifiable. The consequences of structural failure and the risk to 
life and property are covered by the Action Assessment Classification of EN 1992 and EN 1993. 

NOTE 3: The choice of Action Assessment Class should be agreed for the individual project. 



EN 1991-4:2006 (E) 

Section 3 Design situations 

3.1 General 

(l)P Actions on silos and tanks shall be determined using the general format for each relevant design situation 
identified in accordance with EN 1990. 

NOTE: This does not mean that the paragraphs and values specified for buildings and bridges in EN 1990, A. I and 
A.2 are applicable to silos and tanks. 

(2)P Selected design situations shall be considered and critical load cases identified. For silos, the design 
situations shall be based on the flow characteristics of the stored particulate solid, as determined in accordance 
with Annex C. 

(3)P For each critical load case the design values of the effects of actions in combination shall be determined. 

(4)P The combination rules depend on the verification under consideration and shall be identified in accordance 
with EN 1990. 

NOTE: Relevant combination rules are given in Annex A. 

(5) The actions transferred from adjoining structures should be considered. 

(6) The actions from feeders and should be considered. Special attention should be paid to unattached 
feeders that may transfer loads to the silo structure through the stored solid. 

(7) The following accidental actions and situations should be considered where appropriate: 
actions due to explosions; 

actions due to vehicle impact; 

seismic actions; 

fire design situations. 

3.2 Design situations for stored solids in silos 

(l)P Loads on silos from the stored solid shall be considered when the silo is in the full condition. 

(2)P Load patterns for filling and discharge shall be used to represent design situations at the ultimate and 
serviceability limit states. 

(3) The design for particulate solids filling and discharge should address the principal load cases that lead to 
different limit states for the structure: 

maximum normal pressure on the silo vertical wall; 

maximum vertical frictional drag (traction) on the silo vertical wall; 

maximum vertical pressure on a silo bottom; 

maximum load on a silo hopper. 

(4) The upper characteristic value of the bulk unit weight yshould be used in all load calculations. 

(5) The evaluation of each load case should be made using a single set of consistent values of the solids 
properties fl, K and qJi, so that each limit state corresponds to a single defined stored solid condition. 

(6) Because these load cases each attain their most damaging extreme values when the stored solid properties 
fl, K and <Pi take characteristic values at different extremes of their statistical range, different property extremes 
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should be considered to ensure thut the design is appropriately sufe for all limit states. The value of each 
property that should be adopted for each load case is given in Table 3.1. 

Table 3.1: Values of properties to be used for different wall loading assessments 

Characteristic value to be adopted 
Purpose: Wa11 friction Lateral pressure ratio Angle of 

coefficient f.1 K intemal 

friction q)j 

For the vertical wall or barrel 
Maximum normal pressure on Lower Upper Lower 
vertical wall 

Maximum frictional traction on Upper Upper Lower 
vertical waJ I 

Maximum vertical load on hopper Lower Lower Upper 
or silo bottom 

Purpose: Wall friction Hopper pressure Angle of 

coefficient f.1 ratio F intemal 

friction ¢j 

For the hopper wall 
Maximum hopper pressures on Lower value Lower Lower 
filling for hopper 

Maximum hopper pressures on Lower value Upper Upper 
discharge for hopper 

NOTE I: It should be noted that ¢wh ~ ¢i always, since the material will rupture internally if slip at the 

wall contact demands a greater shear stress than the internal friction can sustain. This means that, in all 
evaluations, the wall friction coefficient should not be taken as greater than tan¢i (i.e. f.1 = tan ¢w ~ tan ¢i 

always), 

NOTE 2: Hopper normal pressure Pn is usually maximized if the hopper wall friction is low because less 

of the total hopper load is then carried by wall friction. Care should be taken when choosing which 
property extreme to lise for the hopper wall friction to ensure that the structural consequences are fully 
explored (i.e. whether friction or normal pressures should be maximized depends on the kind of structural 
failure mode that is being considered). 

(7) Notwithstanding the above, silos in Action Assessment Class 1 may be designed for the single value of the 

mean waJ] friction coefficient ~n' the mean lateral pressure ratio Km and the mean internal friction angle ~m for 

the stored particulate solid. 

(8) General expressions for the calculation of silo wall loads are given in Sections 5 and 6. They should be 
used as a basis for the calculation of the following characteristic loads: 

ri1ling loads on vertical walled segments (Section 5); 

discharge loads on vertical walled segments (Section 5); 

l'illing and discharge loads on nat bottoms (Section 6); 

filling loads on hoppers (Section 6); 

discharge loads on hoppers (Section 6), 

3.3 Design situations for different silo geometrical arrangements 

(I)P Different silo aspect ratios (slendemesses), hopper geometries and discharge arrangements lead to different 
design situations that shall be considered. 

(2) Where the trajectory of the solid falling into a silo leads to an eccentric pile at some level (see Figure 
1.1 b), different packing densities can occur in different parts of the silo that induce unsymmetrical pressures. 
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The largest eccentricity in the solids trajectory ef should be used to assess the magnitudes of these pressures (see 

5.2.1.2 and 5.3.1.2). 

(3) The design should consider the consequences of the flow pattern during discharge, which may be 
described in terms of the following categories (see Figure 3.1): 

mass flow ; 

pipe flow; 

mixed flow. 

:1 ____ ___ 
2 

a) Mass flow 

Key 

1 Mass flow 
2 Funnel flow 
3 All solids in motion 
4 Flowing 
5 Flow channel boundary 
6 Stationary 
7 Effective transmission 
8 Effective hopper 

b) Pipe flow 

Figure 3.1: Basic flow patterns 

c) Mixed flow 

(4) Where pipe llow occurs and is always internal to the solid, (see Figures 3.2a and b) discharge pressures 
can be ignored. Squat silos with concentric gravity discharge and silos with top-surface mechanical discharge 
systems that ensure internal pipe flow (see Figures 3.4a and band 3.5a) satisfy these conditions (see 5.1 (7) and 
5.3.2.1 (2) and (4)). 

NOTE: An anti-dynamic tube of appropriate design may also satisfy the conditions for internal pipe flow . 
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a) Parallel pipe flow b) Taper pipe flow c) Eccentric parallel 
pipe flow 

Key 

Internal pipe now 
2 Eccentric pipe flow 
3 Flowing 
4 Flow channel boundary 
5 Flowing pipe 
6 Stationary 

Figure 3.2: Pipe flow patterns 

d) Eccentric taper 
pipe flow 

(5) Under symmetrical mass or mixed now (see Figure 3.1), the design should consider the unsymmetrical 
pressures that may develop (see 5.2.2.2 and 5.3.2.2). 

(6) Where pipe flow or mixed flow occurs with partial contact with the silo wall, the design should consider 
special provisions for the unsymmetrical pressures that may arise (see Figure 3.2c and d and Figure 3.3b and c) 
(see also 5.2.4). 
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a) Concentric mixed flow 

Key 

Flow channel boundary 
2 Flow zone 
3 Effective transition 

4 

b) Fully eccentric 
mixed flow 

4 Effective transition: varies around silo circumference 
5 Stationary 
6 Stationary 
7 Effective hopper 

Figure 3.3: Mixed flow patterns 
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c) Partially eccentric 
mixed flow 

(7) Where a silo has multiple outlets, the design should consider the possibility that ei ther any outlet alone, or 
any combination of outlets simultaneously, may be opened when the silo is in the full condition. 

(8) Where a si lo has multiple outlets and the operational design has arranged for it to operate in a particular 
manner, this manner should be treated as an ordinary design situation. Other outlet opening conditions should be 
treated as accidental design situations. 

NOTE: The term "ordinary design situation" above refers to a Fundamental Combination in EN 1990, 6.4.3.2. The 
term "accidental load case" refers to an Accidental Design Situation in EN 1990,6.4.3.3. 

(9) Where a very slender silo is filled eccentrically, or where segregation in a very slender silo can lead either 
to different packing densities in different parts of the silo or to cohesiveness in the solid, the asymmetry of the 
arrangement of particles may induce unsymmetrical pipe or mixed flow (see Figure 3.4d), with now against the 
silo wall that may cause unsymmetrical pressures. The special provisions that are required for this case (see 
5.2.4.1 (2)) should be used. 
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a) Retaining silo 

Key 

1 Flowing 
2 Flow channel boundary 
3 Stationary 
4 Effective transition 
:) Effective hopper 

b) Squat silo c) Slender silo d) Very slender silo 

Figure 3.4: Aspect ratio (slenderness) effects in mixed and pipe flow patterns 

a) mechanical discharge 
with concentric pressures 

b) air injection and air 
slides promote mass flow 

c) pneumatic filling of d) expanded flow hopper 
powders causes almost gives mass flow only in 
flat top surface bottom hopper 

Figure 3.5: Special filling and discharge arrangements 

(10) Where a silo is filled with powder that has been pneumatically conveyed, two design situations for the full 
condition should be considered. First, the stored solid may form an angle of repose, as for other solids. Second, 
consideration should be given to the possibility that the top surface may be horizontal (see Figure 3.Sc) , 
irrespective of the angle of repose and the eccentricity of filling. If this is the case, the eccentricities associated 
with filling ef and et may be taken to be zero, and the filling level should be taken at its maximum possible 

value. 

(1 1) Where a silo storing powder has an aerated bottom (see Figure 3 .Sb), the whole bottom may be fluidized, 
causing an effective mass now even in a squat silo geometry. Such a silo should be designed according to the 
provisions for sJender silos, irrespective of the actual slenderness hide-
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(12) Where a silo storing powder has an aerated bottom Figure 3.5b), it may be that only a limited zone of 
powder is fluidized, causing an eccentric pipe flow Figure 3.3b) which should also be considered. The 
eccentricity of the resulting flow channel and the resulting value of eo should be evaluated with respect to the 

nuidized zone, and not relative to the location of the outlet 

(13) The vertical walls of a silo with an expanded now discharge hopper (see Figure 3.5d) may be subject to 
mixed flow conditions that may cause unsymmetrical pressures during discharge. The evaluation or the 
slenderness of a silo of this type should be based on hI/de in place of hide Figure 1.1 a). 

(14) Where a silo has a slenderness hide less than 0,4, it should be classified as squat if it has a hopper at its 

base, but classed as a retaining silo if it has a flat bottom. 

(15) Where the silo has a hopper that is not conical, pyramidal or wedge shaped, a rational method of analysis 
of the pressures should be used. Where a hopper contains internal structures, the pressures on both the hopper 
and the internal structure should be evaluated using a rational method. 

(16) Where the silo has a chisel hopper (a wedge shaped hopper beneath a circular cylinder), a rational method 
of analysis of the pressures should be used. 

NOTE: Elongated outlets present special problems. Where a feeder is used to control the discharge of the solid from 
the silo, its design may affect the solids flow pattern in the silo. This may produce either mass flow or fully eccentric 
mixed flow, or fully eccentric pipe flow in the silo. 

3.4 Design situations for specific construction forms 

(1) In concrete silos being designed for the serviceability limit state, cracking should be limited to prevent 
water at any time. The crack control should comply with the crack width limitations of EN 1992 
appropriate for the environment in which the silo is situated. 

(2) In metal silos that are assembled using bolted or riveted construction, the provision for unsymmetrical 
loads (patch loads) should be interpreted in a manner that recognizes that the unsymmetrical loads may occur 
anywhere on the silo wall (see 5.2.1.4 (4)). 

(3) In metal silos that have a rectangular planform and contain internal ties to reduce the bending moments in 
the walls, the provisions of 5.7 should be used. 

(4) The effects of fatigue should be considered in silos or tanks that are subjected to an average of more than 
one load cycle a day. One load cycle is equal to a single complete filling and emptying, or in an aerated silo (see 
Figure 3.5b), a complete sequence (rotation) of aerated sectors. The effects of fatigue should also be considered 
in silos affected by vibrating machinery. 

(5) Prefabricated silos should he designed for actions arising during handling, transport and erection. 

Where a manhole or access opening is made in the wall of a silo structure, the pressure acting on the cover 
should be assessed as two times the highest value of the local design pressure on the adjacent wall. This pressure 
should be used only for the design of the opening cover and its supports. 

(7) Where the roof supports dust filter assemblies, cyclones, mechanical conveying equipment or other similar 
items, these should be treated as imposed loads. 

(8) Where pneumatic conveying systems are used to fill or empty the silo, the resulting gas pressure 
differentials should be considered. 

NOTE: These pressures are usually <10 kPa, but significant vacuum (e.g. 40 kPa 0,4 bar) can be applied, lIsually 
where a conveying process or operational error occurs. Silos should have appropriate relief protection for such 
unexpected events, or the silo designer should ensure that they cannot occur. 
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(9) Where vibrators, air cannons or gyrating live bottoms form part of the silo installation, the alternating 
loads caused by them should be considered with respect to the limit state of fatigue. The vibrations caused by 
pneumatic conveying systems should also be considered. 

(10) Where it is proposed to modify an existing silo by the insertion of a wall liner, the consequences of the 
modified wall friction for the structural design should be investigated, including possible structural 
consequences of changes in the solids tlow patterns. 

3.5 Design situations for stored liquids in tanks 

(l)P Loads on tanks from the stored liquid shall be considered both when the tank is in operation and when it is 
full. 

(2) Where the operational liquid level is different from the level when the tank is full, the latter should be 
considered as an accidental design situation. 

3.6 Principles for design for explosions 

(I) Where tanks or silos are used to store liquids or particulate solids that are susceptible to explosion, 
potential damage should be limited or avoided by appropriate choice of one or more of the following: 

incorporating sufficient pressure relief area; 

incorporating appropriate explosion suppression systems; 

designing the structure to resist the explosion pressure. 

Some of the solids that are prone to dust explosions are identified in Table E.I. 

NOTE: Advice on the determination of explosion pressures is in Annex H. 

The pressure exerted on structures near a silo as a result of an explosion within it should be determined. 

NOTE: The National Annex may guidance on the pressure exerted on structures near the silo as a result of an 
explosion within it. 
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Section 4 Properties of particulate solids 

4.1 General 

(l)P The evaluation of actions on a silo shall take account of: 
the range of particulate solid properties; 

the variation in the surface friction conditions; 

the geometry of the silo; 

the methods of filling and discharge. 
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(2) The stiffness of the particulate solid should not be assumed to provide additional stability to the silo wall 
or to modify the loads defined within this standard. The effects of in-service wall deformations on the pressures 
developed in the stored solid should be ignored unless a rational verified method of analysis can be applied. 
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b) Wedge hoppers 
Key 
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2 Hopper wall friction coefficient J.1h 
3 Risk of mass How pressure in this zone 
4 Funnel flow certain 
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Figure 4.1: Conditions in which mass flow pressures may arise 

(3) Where necessary, the type of flow pattern (mass now or funnel flow) should be determined from Figure 
4.1. Figure 4.1 should not be used for the functional design of a silo to achieve a mass flow pattern, because the 
influence of the internal friction angle is ignored. 
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NOTE: Design for guaranteed mass flow is outside the scope of this standard (see 1.1.2 (5)). Powder and bulk solids 
handling procedures should be llsed for this purpose. 

4.2 Particulate solids properties 

4.2.1 General 

(1)P Propertics of stored particulate solids, as quantified for load calculations by material parameters, shall be 
obtaincd either from tcst results or from other relevant data. 

(2)P Values obtained from test results and other data shall be intcrpreted appropriately for the load assessment 
considered. 

(3)P Account shall be taken of the possible differences between the material parameters obtained from test 
rcsults and thosc governing thc bchaviour of the solids stored in silos. 

(4)P In cvaluating the differcnccs in solids properties indicated in (3)P, the foJlowing factors shall be 
considered: 

many parameters arc not true constallls but depend on the stress level and mode of deformation; 

particle shape, size and size distribution can play different roles in the Lest and in the silo; 

ti me effects; 

moisture content variations; 

effect of dynamic actions; 

the britlleness or ductility of the stored solid tested; 

the method of filling into the silo and into the test apparatus. 

(5)P In evaluating the differences in wall frictional properties indicated in (3)P, the following factors shall be 
considered: 

corrosion and chemical reaction between the parLicles, moisture and the wall; 

abrasion and wear that may roughen the wall; 

polishing of the wall; 

accumulation of greasy deposits on the wall; 

particles of solid being impressed into the waJI surface (usually a roughening effect). 

(6)P When establishing values of material parameters, the following shall be considered: 
published as well as recognized information relevant to the use of each type of test; 

the value of each parameter compared with relevant publishcd data and general experience; 

the variation of the parameters that are relevant to the design; 

the results of any large scale field measurements from similar silos; 

any correlation between the resul ts from more than one typc of test; 

any significant variation in material properties that may be contemplated during the lifetime of the silo. 

(7)P The selection of characteristic values for material parameters shall be based on derived values resulting 
from laboratory tests, complemented by well-established experience. 

(8) The characteristic value of a material parameter should be selected as a cautious cstimate of the 
appropriate value, either the upper or the lower characteristic value, depending on its influence on the load being 
cvaluated. 
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(9) Reference may be made to EN 1990, for provisions conceming the interpretation of test results. 

NOTE: Refer also to Annex D of EN 1990. 

4.2.2 Testing and evaluation of solids properties 

(1)P The values of solid properties adopted in design shall take into account potential variations due to changes 
in composition, production method, grading, moisture content, temperature, age and electrical charge due to 
handling. 

(2) Particulate solid properties should be determined using either the simplified approach presented in 4.23 or 
by testing as described in 4.3. 

0) For silos in Action Assessment Class 3, particulate solids properties should be obtained by testing as 
described in 43. 

(4) The properties of any particulate solid may be taken as represented by the default stored solid given in 
Table E.l. 

Table 4.1: Wall surface definitions 

Category Descriptive title Typical wall materials 
Dl Low friction Cold-rolled stainless steel 

classed as Polished stainless steel 
"Slippery" Coated surface designed for low friction 

Polished aluminium 
Ultra high molecular weight polyethylenea 

D2 Moderate friction Smooth mild carbon steel (welded or bolted construction) 
classed as Mill finish stainless steel 
"Smooth" Galvanized carbon steel 

Oxidized aluminium 
Coated surface designed for corrosion resistance or abrasive wear 

D3 High friction Off form concrete, steel finished concrete or aged concrete 
classed as (corroded) carbon steel 
"Raspy" Abrasion resistant steel 

Ceramic tiles 
D4 Irregul Horizontally corrugated walls 

Profiled sheeting with horizontal ribs 
Non-standard walls with large aberrations 

NOTE: The descriptive titles in this table are in terms of friction rather than roughness because there is a poor 
correlation between measured wall friction between a sliding granular solid and the surface and measures of roughness. 

a The roughening effect of particles being impressed into the surface should be considered for these surfaces. 

(5) The value adopted in design of the wall friction coefficient f1 for a given particulate solid should take 
account of the frictional character of the surface on which it slides. The Wall Surface Categories used in this 
standard are defined in 4.2. I and are listed in Table 4.1. 

(6) For silos with walls in Wall Surface Category D4, the effective wall friction coefficient should be 
determined as set out in D.2. 

(7) The patch load solid reference factor Cop should be obtained from Table E.l or determined from 

Expression (4.8). 
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4.2.3 Simplified approach 

(1) The values of the properties of well-known solids should be taken from Table E.L The values in Table 4.1 

correspond to the upper characteristic value for the unit weight y, but the values of 11m, Km and ¢illl are mean 

values. 

(2) \Vhere the solid to be stored cannot be clearly identitied as similar to one of the descriptors in Table E.l, 
testing according to 4.3 should be undertaken. 

To determine the characteristic values of 11, K and ~, the tabulated values of 11m' Km and ¢im should be 

multiplied and divided by the conversion factors a given in Table E.1. Thus in calculating maximum loads the 
following combi nations should be used: 

Upper characteristic value of K aK Km ... (4.1) 

Lower characteristic value of K Km / a K ... (4.2) 

Upper characteristic value of 11 = 11m ... (4.3) 

Lower characteristic value of 11 = 11m / aJL ... (4.4) 

Upper characteristic value of ¢i = a¢ ¢im ... (4.5) 

Lower characteristic value of ¢i = ¢im / a ¢ ... (4.6) 

(4) For silos in Action Assessment Class 1, the mean values of 11m, Km and ~m may be used for design, in 

place of the range of values associated with the upper and lower characteristic values. 

4.3 Testing particulate solids 

4.3.1 Test procedures 

(I)P Testing shall be carried out on representative samples of the particulate solid. The mean value for each 
solid property shall be determined making proper a]]owance for variations in secondary parameters such as 
composition, grading, moisture content, temperature, age, electrical charge due to handling and production 
method. 

(2) The mean test values should be adjusted using Expressions 
factor a to derive characteristic values. 

1) to (4.6) with the relevant conversion 

0) Each conversion factor a should be carefully evaluated, taking proper account of the expected variability 
of the solid properties over the silo life, the possible consequences of segregation and of the effects of sampling 
inaccuracies. 

Where sufficient test data exists to determine the standard deviation of a property, the relevant conversion 
factor a should be determined as set out in Cli. 

(5) The margin between the mean and the characteristic values for the solid property is represented by the 
conversion factor a. Where a secondary parameter alone accounts for more than 75 % of the value of a, 
that value should be increased by multiplying it by 1, 10. 

NOTE: The above provision is made to ensure that the value of a is chosen to represent an "nrU'Al-\1'.·,tf_' probability of 
occurrence for the deduced loads. 
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4.3.2 Bulk unit weight r 
(1) The bulk unit weight y should be determined at a particle packing density and at a stress level 
corresponding to the position in the stored solid in the silo where the maximum verLical stress after filling 
occurs. The vertical stress Pvft in the silo may be assessed using Expression (5.3) or (5.79), as appropriate, for 

the depth at the bottom of the vertical section. 

(2) The Lest method for the measurement of bulk unit weight ydescribed in C6 should be used. 

(3) The conversion factor to obtain the characteristic value from the measured value should be found using the 
procedure given in CII. The conversion factor ay should not be taken as less than ay I, I 0 unless a smaller 

value can be justified by testing and assessment (see CII). 

4.3.3 Coefficient of wall friction J..l 

(1) Tests to determine the wall friction coefficient J1 for the calculation of loads should be determined at a 
particle packing density and at a stress level corresponding to the position in the stored solid in the silo where 
the maximum assessed horizontal filJing pressure Phfb on the vertical wall after filling occurs. The filling 

pressure Phfl) at the base of the vertical wall may be assessed using Expression (5.1) or (5.71) as appropriate. 

(2) The test method for the measurement of f.1 described in C.7 should be used. 

The mean value f.1m of the wall friction coefficient and its standard deviation should be deduced from the 

tests. Where only the mean value can be found, the standard deviation should be assessed using the procedure 
given in Cll. 

(4) The conversion factor to obtain the characteristic value from the mean value should be found using the 
procedure given in Cil. The conversion factor a f1 should not be taken as less than a f1 1, 10 unless a smaller 

value can be justified by testing and assessment (see C.II). 

4.3.4 Angle of internal friction tA 

(1) The loading angle of internal friction ¢i (arctan of the ratio of shear stress to normal stress at failure during 

virgin loading) should be determined at a particle packing density and at a stress level corresponding to the 
position in the stored solid in the silo where the maximum vertical stress after filling occurs. The vertical stress 
may be assessed using Expression (5.3) or (5.79) as appropriate. 

(2) The test method for the measurement of ¢i described in C9 should be used. 

(3) The mean value q)im of the loading angle of internal friction and its standard deviation £5 should be deduced 

from the tests. Where only the mean value can be found, the standard deviation should be assessed using the 
procedure given in Cll. 

(4) The conversion factor to obtain the characteristic value from the mean value should be found using the 
procedure given in CIL The conversion factor a¢ should not be taken as less than a¢ 1, I 0 unless a smaller 

value can be justi fied by testing and assessment (see CII). 

4.3.5 Lateral pressure ratio K 

(1) The lateral pressure ratio K (ratio of mean horizontal to mean vertical pressure) should be determined at a 
particle packing density and at a stress level corresponding to the position in the stored solid in the silo where 
the maximum vertical stress after filling occurs. The vertical stress in the solid Pyf may be assessed using 

Expression (5.3) or (5.79) as appropriate. 

(2) The test method for the measurement of K described in C8 should be used. 
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(3) The mean value Kill of the lateral pressure ratio and its standard deviation should be deduced from the 

tests. Where only the mean value can be found, the standard deviation should be assessed 
given in CIL 

the procedure 

(4) An approximate value for Kill may alternatively be obtained from the mean value of the measured loading 

angle of internal friction ¢irn (see 4.3.4) as: 

. ., (4.7) 

NOTE: The factor], I in Expression (4.7) is used to give an approximate representation of the difference between 
the value of K measured under conditions of almost zero wall friction and the value of K measured when wall 

friction is present (see also 4.2.2 (5)). 

(5) The conversion factor to obtain the characteristic value from the measured value should be found using the 
procedure in CII. The conversion factor a K should not be taken as less than a K 1,10 unless a smaller value 

can be justified by testing and assessment CII). 

4.3.6 Cohesion c 

(1) The cohesion c of the solid varies with the consolidating stress that has been applied to the solid. It should 
be determined at a particle packing density and at a stress level corresponding to the position in the stored solid 
in the silo where the maximum vertical stress occurs after filling. The vertical stress in the solid may be 

assessed using Expression (5.3) or (5.79) as appropriate. 

The test method for the measurement of c described in C9 should be used. 

NOTE: Alternatively the cohesion c may be estimated from the results of a lenike shear cell test (ASTM Standard 
06 I 28). A method for determining the cohesion from the test results is given in C.9. 

4.3.7 Patch load solid reference factor Cop 

())P The patch load solid reference factor Cop shall be determined on the basis of appropriate test records. 

NOTE I: The discharge factors C account for a number of phenornena occurring during discharge of the silo. The 
symmetrical increase in pressures is relatively independent of the solid stored, but the unsymmetrical component 
is quite material dependent. The material dependency of the unsymmetrical component is represented by the load 
solid reference factor Cop' This parameter is not easily measured in a control test on the solid. 

NOTE 2: An appropriate laboratory test method to determine the parameter Cop from a control test on the solid alone 

has not yet been developed. This factor is based on silo discharge experiments and on experience. It applies to silos 
with conventional filling and discharge systems and built to standard engineering tolerances. 

(2) The value of the patch load solid reference factor Cop for well-known solids should be taken tiT)m 

Table E.I. 

For solids not listed in Table E.I, the patch load solid reference factor Cop may be estimated from the 

material variability factors for the lateral pressure ratio CiK and the wall friction coefficient as: 

= 3,5 + 2,5 CiK 6,2 ... (4.8) 

where: 

aI-I is the variability factor for the wall friction coefficient fl, 

aK is the variability factor for the lateral pressure ratio K for the solid. 
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(4) Appropriate patch load solid reference factors Cop for specific silos with specified stored solids may also 

be derived from full-scale tests performed on silos of the same type. 
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Section 5 Loads on the vertical walls of silos 

5.1 General 

(I)P The characteristic values of the filling and discharge loads, which are prescribed in this section for the 
following types of silo, shall be used: 

slender silos; 

intermediate slenderness silos; 

squat silos; 

retaining silos; 

silos containing solids with entrained air. 

(2)P The loads on silo vertical walls shaLl be evaluated according to the slenderness of the silo (see figure 1.1 a 
and 5.1) determined according to the following classes: 

slender silos, where 2,0 S he/de (except as defined in 3.3); 

intermediate slenderness silos, where 1,0 < he/de < 2,0 (except as defined in 3.3); 

squat silos, where 0,4 < hide S 1,0 (except as defined in 3.3); 

retaining si los, where the bottom is flat and he/de S 0,4. 

(3) A silo with an aerated bottom should be treated as a slender silo, irrespective of its slenderness hIde' 

(4)P The load on vertical walls is composed of a fixed load, called the symmetrical load, and a free load, called 
the patch load, which shall be taken to act simultaneously. 

(5) Detailed rules for the calculation of filling loads and discharge loads are given for each silo slenderness in 
5.2, 5.3 and 5.4. 

(6) Additional load cases should be considered for silos with special conditions as follows: 

where air may be entrained into the solid and may make it fully or partially l1uidized, see 5.5; 

where thermal differentials may develop between the stored solid and the silo structure, see 5.6; 

where the silo has a rectangular planform, see 5.7. 

(7)P Where large eccentricities of filling or discharge occur, special different load cases are defined. These shall 
not be taken to act simultaneously with the symmetric and patch loads, but each shall represent a separate and 
distinct load case. 

(8) Where internal pipe flow can be guaranteed (see 3.3 (3)), the design may be based on filling loads alone, 
including the filling patch load where appropriate. 

5.2 Slender silos 

5.2.1 Filling loads on vertical walls 

5.2.1.1 Symmetrical filling load 

(I) The symmetrical fil1ing load (see Figure 5.1) should be calculated using Expressions (5.1) to (5.6). 
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z 

Key 

1 Equivalent surface 
2 Pressures in vertical segment 

}-'igure 5.1: Symmetrical filling pressures in the vertical-walled segment 

The values of horizontal pressure Pllf' wall ti-ictional traction Pwf and vertical pressure Pyf at any depth after 

filling and during storage should be determined as: 

... (5.1) 

... (5.2) 

Pvf (z) = K YJ ... (5.3) 

in which: 

PtlO yKzo ... (5.4) 

I A 
7 --
"'0 Kf.1 U 

... (5.5) 

... (5.6) 

where: 

Y is the characteristic value of the unit weight 

f.1 is the characteristic value of the wall friction coefficient for solid sliding on the vertical wall 

K is the characteristic value of the lateral pressure ratio 

z is the depth below the equivalent surface of the solid 

A is the plan cross-sectional area of the silo 

U is the internal perimeter of the plan cross-section of the silo 
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(3) The resulting characteristic value of the vertical force (compressive) in the wall l1zSk per unit lengLh of 

perimeter after filling at any depth z should be determined as: 

z 
llzSk f Pwt<z) dz = /1 Pho [Z 20 YJ (z)] ... (5.7) 

o 

NOTE: The stress resultant defined in Expression (5.7) is a characteristic value. Care is required when using this 
result to ensure that the appropriate partial factor on actions is not omitted, since this expression is a result of a 
structural (using the membrane theory of shells). The expression is included here to assist designers in the 
integration of Expression (5.2). It is also noted that other loads (e.g. patch loads) may induce additional vertical forces 
in the wall. 

(4) The methods given in 4.2 and 4.3 should be used to determine the characteristic values of the required 
properties of the particulate solid (unit weight y, wall friction /1, and lateral pressure ratio K). 

a) thin-walled circular silo b) other circular silos 

Key 

1 For welded silos in Action Class 2: the Jesser of Z.o and hJ2 
1 For other thin-walled silos in Action Classes 2 and 3: anywhere 
2 Anywhere 

Figure 5.2: Circular silos: side elevation and plan view of the filling patch load 

5.2.1.2 Filling patch load: general requirements 

(I)P The filling patch load, or an appropriate alternative, shall be used to represent aeeidental asymmetries of 
loading associated with eccentricities and imperfections in the filling process. 

(2) For silos in Action Assessment Class I, the filling patch load may be ignored. 

For silos used for the storage of powders that become aerated during the filling process, the filling patch 
load may be ignored. 

(4) The magnitude of the filling outward patch pressure Ppf should be determined from the maximum 

eccentricity of the top pile throughout the filling process, which is shown as ef in Figure 1.] b. 
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The reference magnitude of the filling patch pressure Ppf should be taken as: 

in which: 

2 
Cpf = 0,21 Cop [1+2E ] (1-

but if Expression 5.9 produces a negative value, Cpf should be taken instead as: 

Cpf 0 

where: 

ef is the maximum eccentricity of the surface pile during filling (see Figure 1.1 b); 

... (5.8) 

... (5.9) 

... (5.10) 

... (5.1 I) 

Ph/' is the local value of the filling pressure (see Expression (5.l)) at the height at which the patch load 

is applied; 

Cop is the patch load solid reference factor for the solid (see Table E.l). 

(6) The height of the zone on which the patch load is applied (see Figure 5.2) should be taken as: 

... (5.12) 

(7) The patch load consists of a pattern of normal pressures only. No changes to the frictional traction 
associated with the changed normal pressure should be considered in design. 

(8) T'he form of the filling patch pressure depends on the form of silo construction. The following construction 
forms are identified and the patch pressures should be determined using the paragraphs stated below: 

for thick-walled circular silos, see 5.2.1.3 (concrete silos); 

for thin-walled circular silos, see 5.2.1.4 (metal silos); 

for non-circular silos, see 5.2.1.5. 

5.2.1.3 Filling patch load: thick-walled circular silos 

(1) For thick-walled circular silos, the reference magnitude of the filling patch pressure Ppf should be taken to 

act outwards on two opposite square areas with side length s given by Expression (5.12) (the horizontal distance 
s is measured on the curved surface where appropriate) (see Figure 5.2b). 

(2) In addition to the outward patch pressure Ppf' the remainder of the silo circumference over the same height 

of wall (sec Figure 5.2b) should be subjected to an inward patch pressure Ppfi given by: 

Ppf 17 ... (5.1 J) 

where: 

Ppf is thc reference magnitude of the fil1ing patch pressure acting outwards Expression (5.8)). 

NOTE: The value and the extent of the inward pressure Pptl is chosen so that the mean pressure at that level remains 

unchanged by the patch load. 
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(3) The filling patch load should be considered to act on any part of the silo wall, but this may be interpreted 
in the manner described in 5.2. 1.3 (4). 

(4) In thick-walled circular silos in Action Assessment Class 2, a simplified approach may be used. The most 
unfavourable load arrangement may be taken as that fhund by applying the patch at the mid-height of the silo 
and using the results to deduce approximate values for the stress resultants throughout the wal1. The percentage 
increase in the membrane stress resultants in the wall at that level may be used to scale all the membrane stress 
resultants on the vertical walL The calculated bending stress resultants at any level may be found by scaling the 
values at the patch load level according to the ratio of the filling pressure at that level to the filling pressure at 
the patch load level. 

5.2.1.4 Filling patch load: thin-walled circular silos 

(I) For thin walled circular silos (dlt> 200) in Action Assessment Classes 2 and 3, the filling patch pressure 

should be taken to act over a height s, given by Expression (5.12), but to extend from a maximum outward 
pressure on one side of PpJ' to an inward pressure Ppf on the opposite side (see Figure 5.2a). The circumferential 

variation should be taken as: 

... (5.14) 

where: 

Ppf is the outward patch pressure Expression (5.8)) 

e is the circumferential coordinate (see Figure 5.2a). 

The total horizontal force Fpf due to the filling patch load on a thin-walled circular silo should be 

determined as: 

... (5.15) 

(3) For welded silos in Action Assessment Class 2, the patch load may be taken to act at a depth zp below the 

equivalent surface, where zp is the lesser of: 

Zp and Zp = 0,5 he ... (5.16) 

where 

he is the height of the vertical walled segment Figure L la). 

(4) For bolted and riveted silos in Action Assessment Class 2, the patch load should be considered to act at 
any depth, but the normal pressure at any level may be taken as a uniform percentage increase throughout the 
height of the silo. 

5.2.1.5 FilJing patch load: non-circular silos 

(1) For non-circular silos in Action Assessment Classes 2 and 3, the filling patch load, which represents 
unsYl11metricalloads, may be represented by an increase in the symmetrical pressure as defined in (2) and (3). 

(2) The out ward patch pressure should be taken to act on a horizontal hand on the silo wall at any level, over a 
vertical height s (see Figure 5.3a) given by Expression (5.12). 

(3) The magnitude of the uniform symmetrical pressure increase on the non-circular wall Ppf,nc should be 

taken as 

Ppf,nc = 0,36 Ppf 17) 
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where: 

Ppf is the reference filling patch load pressure (Expression (5.8)) and the appropriate dimension de should 

be found using Figure 1. Id. 

NOTE: The value and the extent of the uniform pressure Ppf,nc is chosen so thal the bending moments induced in a 

rectangular silo without internal ties are approximately the same as those that would be induced by a local patch load 
with pressure Ppf placed at the centre of the wall. 

ppe.n 

ppf.n Ppe,n 

Key 

Anywhere 

Figure 5.3: Non-circular silos: side elevation and plan view of patch loads 

5.2.2 Discharge loads on vertical walls 

5.2.2.1 Symmetrical discharge load 

(1)P Symmetrical increases in the discharge load shaH be used to represent the possible transitory increases in 
pressure that occur on silo walls during the discharge process. 

(2) For silos in all Action Assessment Classes, the symmetrical discharge pressures Phe and Pwe should be 

determined as: 

... (5.18) 

... (5.19) 

where: 

Ch is the discharge factor for horizontal pressure 

Cw is the discharge factor for wall frictional traction. 
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The discharge factors Ch and Cw should be determined according to Expressions (5.20) to (5.24) as appropriate. 

(3) For silos in all Action Assessment Classes that are unloaded from the top (no flow within the stored solid), 
the values of Ch and Cw may be taken as: 

... (5.20) 

(4) For slender si los in Action Assessment Classes 2 and 3, the discharge factors should be taken as: 

... (5.21) 

... (5.22) 

where: 

Co is the discharge factor for all solids =1,15). 

(5) For slender silos in Action Assessment Class I, where the mean value of the material properties K and f1 
have been used for design, the discharge factors should be taken as: 

... (5.23) 

... (5.24) 

e = max(et, ... (5.25) 

where: 

ef is the maximum eccentricity of the surface piJe during filling; 

eo is the eccentricity of the centre of the outlet; 

Cop is the patch load solid reference factor for the solid (see Table E. I). 

(6) The resulting characteristic value of the vertical force (compressive) in the wall nzSk per unit length of 

perimeter during discharge at any depth z should be determined as: 

z 
I1zSk:::: f Pwe dz = Cw J.1 Pho [z 20 YJ ... (5.26) 

o 

NOTE: The stress resultant defined in Expression (5.26) is a characteristic value. Care should be taken when using 
this result to ensure that the appropriate partial factor on actions is not omitted, since this expression is a result of a 
structural analysis (using the membrane theory of shells). The expression is included here to assist designers in the 
integration of Expression (5.19). It should also be noted that other loads patch loads) may induce additional 
vertical forces in the waIL 

5.2.2.2 Discharge patch load: general requirements 

(l)P The discharge patch load shall be used to represent accidental asymmetries of loading during discharge, as 
well as inlet and outlet eccentricities (see Figure 1.1 b). 

(2) For silos in Action Assessment Class 1, the discharge patch load may be ignored. 

(3) For silos in Action Assessment Classes 2 and 3, the method of this seclion should be used to assess 
discharge loads. 
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(4) For circular silos in Action Assessment Classes 2 and 3, where either of the following conditions apply, 
the procedure for large discharge eccentricities in slender circular silos (see 5.2.4) should be used as a separate 
load case (sec 5.1 (5» in addition to the method of this section: 

the eccentricity of the outlet eo exceeds the critical value eo,cr = 0,2Sdc (see Figure 3.3c); 

the maximum filling eccentricity ef exceeds the critical value = 0,25de and the slenderness of the silo is 

greater than the limiting value (h/de)lim = 4,0 (see Figure 3.4d). 

(S) The reference magnitude of the discharge outward patch pressure Ppe should be determined as: 

... (5.27) 

in which: 

for hcldc > 1,2, Cpe is given by Expression 5.28 

... (S.28) 

for hckle :s; 1,2, Cpe is given by the greatest of the values given by Expressions 5.28, S.29 and 5.30 

Cpe = 0,272 Cop {(he/de - 1 + ... (S.29) 

Cpe ° ... (S30) 

in which: 

... (S.31) 

, .. (5,32) 

where: 

is the maximum eccentricity of the surface pile during filling; 

eo is the eccentricity of the centre of the outlet; 

Phe is the local value of the discharge pressure at the height at which the patch load is applied 

(Expression (5.18»; 

Cop is the patch load solid reference factor for the solid (see Table E.1). 

(6) The discharge patch load consists of a pattern of normal pressures only. No changes to the frictional 
traction associated with the changed normal pressure should be considered in design. 

The form of the discharge patch pressure depends on the form of silo construction. The following 
construction forms are identified and the patch pressures should be determined using the paragraphs slated 
below: 

for thick-walled circular silos, see 5.2.2.3 (concrete silos); 

for thin-walled circular silos, see 5.2.2.4 (metal silos); 

for non-circular silos, see 5.2.2.S. 
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5.2.2.3 Discharge patch load: thick-walled circular silos 

(1) For thick-walled circular silos, the outward patch pressure should be taken to act on two opposite 

square areas with side length s (see Figure 5.4b) given by Expression (5.12) (the horizontal distance s is 
measured on the curved surface where appropriate). 

(2) In addition to the outward patch pressure Ppe' the remainder of the silo circumference over the same height 

of wall Figure S.4b) should be subjected to an inward discharge patch pressure Ppei given by: 

... (S.33) 

where: 

Ppe is the outward patch pressure (Expression (S.27». 

NOTE: The value and the extent of this inward pressure is chosen so that the mean pressure at that level remains 
unchanged by rhe patch load. 

Key 

I For welded silos in Aetion Class 2: the lesser of and hJ2 
1 For other thin-walled silos in Action Classes 2 and 3: anywhere 
2 Anywhere 

Figure 5.4: Circular silos: side elevation and plan view of the discharge patch load 

2 

(3) The discharge patch load should be considered to act on any part of the silo wall, but this may be 
interpreted in the manner described in S .2.2.3 (4). 

In thick-walled silos in Action Assessment Class 2, a simplified approach may be used. The most 
unfavourable load arrangement may be laken as that found by applying the patch at the mid-height of the silo 
and using the results to deduce approximate values for the stress resultants throughout the wall. The percentage 
increase in the membrane wall stress resultants at that level may be used to scale all the membrane wall stress 
resultants on the vertical wall. The calculated bending stress resultants at each level may be found by scaling the 
values at the patch load level according to the ratio of the filling pressure at that level to the filling pressure at 
the patch load level. 
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5.2.2.4 Discharge patch load: thin-walled circular silos 

(1) For thin walled circular silos in Action Assessment Classes 2 and 3, the discharge patch pressure should be 
taken to act over a height s, given by Expression (5.12), but to extend from a maximum outward pressure on one 
side of P pe to an inward pressure on the opposite side Figure 5.4a). The circumferential variation should 

be taken as: 

Ppes = cosO , .. (5.34) 

where: 

Ppe is the outward patch pressure (Expression (5.27)) 

o is the circumferential coordinate (see Figure 5.4a), 

(2) The total horizontal force Fpe due to the discharge patch load on a thin-walled circular silo should be 

determined as: 

... (5.35) 

(3) For welded silos in Action Assessment Class 2, the discharge patch load may be taken to act at a depth zp 

below the equivalent surface, where zp is the lesser of: 

2p and Zp 0,5 he 

where: 

he is the height of the vertical wa]]ed segment Figure 1.1 a). 

(4) For bolted and riveted silos in Action Assessment Class 2, the discharge patch load should be considered 
to act at any depth, but the normal pressure at any level may be taken as a uniform percentage increase 
throughout the height of the silo (the procedures of 5.2.3 may alternatively be used). 

5.2.2.5 Discharge patch load: non-circular silos 

(1) For non-circular silos in Action Assessment Classes 2 and 3, the discharge patch load, which represents 
unsymmetrical loads, may be represented by an increase in the symmetrical pressure as defined in (2) and 

The outward patch pressure should be taken to act on a horizontal band on the silo wa1l at any level, over a 
vertical height oS' (see Figure 5.3b) given by Expression (5.12). 

(3) The magnitude of the uniform symmetrical pressure increase on the non-circular wall Ppe,ne should be 

taken as: 

Ppe,ne = 0,36 Ppe ... (5.37) 

where 

ppeis the reference discharge patch load pressure Expression (5.27)). 

NOTE: The value and the extent of the uniform pressure Ppe,ne is chosen so that the bending moments induced in a 

rectangular silo without internal ties are approximately the same as those that would be induced a patch load placed 
at the centre of the wall. 
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5.2.3 Substitute uniform pressure increase for filling and discharge patch loads 

(I) For silos in Action Assessment Class 2, a uniform increase in the symmetrical load may be substituted for 
the patch load method of 5.2.1 and 5.2.2 to account for asymmetries in the filling and discharge processes. 

(2) For non-circular silos, the uniform increases are defined in 5.2.1.5 and 5.2.2.5. 

(3) For circular silos, the following procedures may be used only if the base and the top of the vertical wall are 
restrained to retain their horizontal shape by appropriate stiffeners (the circular silo must be held circular at the 
lOp and bottom by a structurally connected roof or a ring stiffener). 

(4) For thick-walled circular the resulting lotal symmetrical horizontal pressures for filling (Phf,u) and 

discharge (Phe,u) should be determined as: 

... (5.38) 

... (5.39) 

in which: 

~ 0,5 + 0,01 (d!t) ... (5.40) 

with ~ ~ ],0 '" (5.41) 

where: 

PhI' is the horizontal symmetrical filling pressure (see Expression (5.1 )); 

Pile is the horizontal symmetrical discharge pressure Expression (5.] 8)); 

Cpr is the filling patch load factor Expression (5.9)); 

Cpe is the discharge patch load factor (see Expression (5.28)). 

(5) For thin-walled circular silos, the resulting total symmetrical horizontal pressures for filling Phf,u and 

discharge Phc,u and the resulting total symmetrical frictional traction for filling Pwf,u and discharge should 

be determined as: 

... (5.42) 

... (5.43) 

... (5.44) 

Pwe,u = Pwe (J + ... (5.45) 

where: 
Pwf is the filling symmetrical wall frictional traction Expression (5.2)); 

Pwc is the discharge symmetrical wall frictional traction (see Expression (5.19)) 

and the parameters Phf' Plw Cpt' and Cpe are calculated as indicated in (3). 
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5.2.4 Discharge loads for circular silos with large outlet eccentricities 

5.2.4.1 General 

(J) Where the outlet eccentnclty eo exceeds the critical value = O,25de and the silo is in Action 

Assessment Class 2 or 3, the following procedures should be used to determine the pressure distribution during 
eccentric discharge in a pipe flow channel above the outlet (see Figure 5.5a). 

(2) Where the maximum filling eccentricity ef exceeds the critical value = O,25dc and the slenderness of 

the silo exceeds hide 4,0, and the silo is in Action Assessment Class 2 or 3, the following procedures should 

be also used to determine the pressure distribution that may occur as a result of the formation of an eccentric 
pipe flow channel (see Figures 3.4d and 5.5a). 

(3) Where they are applicable (see (1) and (2)), the procedures of 5.2.4.2 and 5.2.4.3 should be used as a 
separate independent load case. This is an additional load case that is separate from that defined by filling and 
discharge pressures with the patch load treatment of 5.2.2 and 5.2.3. 

(4) The calculation should be performed using the lower characteristic value of J1 and the upper characteristic 

value of ¢i for the solid. 

(5) A simplified procedure is permitted for siJos in Action Assessment Class 2, as given in 5.2.4.2. For silos in 
Action Assessment Class 3, the procedure given in 5.2.4.3 should be implemented. 

5.2.4.2 Method for Action Assessment Class 2 

5.2.4.2.1 Flow channel geometry 

(1) Calculations are required for onJy one size of flow channel contact with the wall, which should be 
determined for: 

", (5.46) 

5.2.4.2.2 Wall pressures under eccentric discharge 

(I) The pressure on the vertical wall in the tlowing zone (see Figure 5.5c) should be taken as: 

Phce = 0 ... (5.47) 

(2) The pressures at depth z on the vertical wall in the zone in which the solid remains static (see Figure 5.5e) 
should be taken as: 

... (5,48) 

'" (5.49) 

and the frictional traction on the wall at depth z as: 

p\vse = Pwf ... (5.50) 

1 ) 

where: 

Phf is the horizontal filling pressure (see Expression (5.1 )); 

Pwf is the filling wall frictional traction (see Expression (5.2)), 
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NOTE: This simplitied method relates to an empty rathole (empty flow channel), and the method may therefore 
sometimes be rather conservative. 

(3) The method of 5.2.4.3.2 may alternatively be used. 

5.2.4.3 Method for Action Assessment Class 3 

5.2.4.3.1 Flow channel geometry 

(I)P The geometry of the now channel and its location shall be chosen to reflect the geometry of the container, 
the discharge arrangements and the properties of the stored solid. 

\Vhere the discharge arrangement leads to a now channel of well defined geometry and location, the 
appropriate parameters for this tlow channel should be adopted. 
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I Static pressures 
2 Static solid 
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4 Flow channel 
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Key 

Static pressures 
2 Static solid 
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a) flow channel and pressure pattern 
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5 

3 

4 

Figure 5.5: Eccentric discharge flow channel and pressure distribution 

(3) Where the geometry of the now channel cannot be directly deduced from the discharge arrangements and 
silo geometry, calculations should be performed for no less than three values of the radius of the tlow channel rc' 

to allow for random variations in the size of the flow channel from time to time. These three values should be 
taken as: 

r = k r c 3 

... (5.52) 

... (5.53) 

... (5.54) 
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where: 

r is the radius of the circular silo d/2). 

NOTE: The values of kt , k::. and k3 may be given in the National Annex. The recommended values are 0,25, 0,4 and 
0,6 respectively. 

(4) The flow channel eccentricity ec (see Figure 5.5) should be determined as: 

... (5.55) 

in which: 

G r ... (5.56) 

... (5.57) 

where: 

f.L is the lower characteristic wall friction coefficient for the vertical waJJ; 

¢i is the upper characteristic angle of internal friction of the stored solid; 

rc is the design radius of the now channel (see Expressions (5.52) to (5.54)). 

NOTE I: It should be noted that ¢w ::;; r/Ji since the material will rupture internally if slip at the wall contact 

demands a greater shear stress than the internal friction can sustain. This means that 77::;; I in all evaluations. 

NOTE 2: The now channel eccentricity ec may vary, as indicated in Figure 3.4d, and does not depend solely on the 

oullet eccentricity eo' This procedure is intended to identify conditions that are close to the most demanding for each 

silo geometry and structural arrangement. The flow channel eccentricity may consequently be less than both the critical 
value of the outlet eccentricity eo,er and the critical value of the inlet eccentricity ef,tT 

NOTE 3: This evaluation of the location and radius of the flow channel is based on a minimization of the total 
frictional drag at the channel perimeter on the solid in the channel, assuming the periphery of the channel to be a 
circular arc. Other methods of predicting flow channel dimensions may be used. 

(5) Notwithstanding the above requirements concerning the assumed flow channel radius, where an expanded 
flow hopper is used (see Figure 3.5d), the radius of the now channel rc should be taken as the radius of the top 

of the expanded now hopper. 

(6) The angular length of the wall contact with the flowing channel should be found, bounded by the 
circumferential coordinates 8= ±8c' where: 

2 

.. , (5.58) 

(7) The arc length of the contact between the flow channel and the wall should be determined as: 

... (5.59) 

and the arc length of the contact between the flow channel and static solid as: 

... (5.60) 
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sin 'f :::: 
r 

sin~: 
r c 

where the angles Be and 'fare both expressed in radians. 

(8) The cross-sectional area of the flowing channel should be determined as: 
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... (5.61) 

... (5.62) 

5.2.4.3.2 \Vall pressures under eccentric discharge 

(I) The pressure on the vertical wall in the flowing zone 
equivalent solid surface and should be determined as: 

Figure 5.5c) depends on the distance z below the 

Phce :::: Pheo (I e -zl Zoe) ... (5.63) 

and the frictional traction on the wall at level z as: 

P " "Pheo (l_e-zlzoc) wee:::: r Phee fA" ... (5.64) 

in which: 

... (5.65) 

... (5.66) 

where: 

J1 is the wall friction coefficient for the vertical wall; 

K is the lateral pressure ratio for the solid. 

The pressure at depth z on the vertical wall far from the flowing channel in the zone where the solid 
remains static Figure S.Sc) should be taken as: 

... (S.67) 

and the frictional traction on the wall at depth z as: 

Pwse Pwf ... (5.68) 

where: 

Phf is the horizontal filling pressure (see Expression (S.l)); 

Pwf is the filling wall frictional traction (see Expression (5.2)). 

(3) A higher pressure Phae is exerted on the vertical wall in the zone of static solid adjacent to the llow zone 

(see Figure 5.5c) and depends on the depth z below the equivalent solid surface. The pressure at depth z in the 
static zone near Lo the llowing channel should be determined as: 

... (5.69) 
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and the frictional traction on the wall at depth z as: 

P wae fl Phae ... (5.70) 

5.3 Squat and intermediate slenderness silos 

5.3.1 Filling loads on vertical walls 

5.3.1.1 Filling symmetrical load 

(I) The symmetrical filling load (see Figure 5.6) should be calculated using Expressions (5.71) to (5.80). 

The values of horizontal pressure Phf and wall frictional traction Pwf at any depth after fil1ing should be 

determined as: 

Pwf = fl PhI' 

in which: 

] A ---
-KpU 

where 

lA y--
flU 

110 is the value of z at the highest solid-wall contact (see Figures 1. I a and 5.6). 

for a symmetricaUy filled circular silo of radius r, ho should be determined as: 

r 
ho = 3" tan¢r 

... (5.71) 

... (5.72) 

... (5.73) 

... (5.74) 

... (5.75) 

'" (5.76) 

... (5.77) 

and for a symmetrically filled rectangular silo of characteristic dimension dc, lto should be determined as: 

... (5.78) 

where: 

r is the characteristic value of the unit weight; 

J1 is the characteristic value of the wall friction coetJicient for solid sliding on the vertical wall; 

K is the characteristic value of the lateral pressure ratio; 

is the depth below the equivalent surface of the solid; 
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A is the plan cross-sectional area of the silo; 

V is the internal perimeter of the plan cross-section of the silo; 

~~r is the angle of repose of the solid Table E.1), 

(3) The value of vertical pressure Pvf at any depth after filling should be determined as: 

Pvf YZy 

in which: 

Key 

Equivalent surface 
2 Slender silo rule 
3 Squat silo pressures 
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.. , (5.79) 

... (5.80) 

Figure 5.6: Filling pressures in a squat or intermediate slenderness silo 

(4) The resulting characteristic value of the vertical force (compressive) in the wall l1 zSk per unit length of 

perimeter at any depth z should be determined as: 

z 
I1zSk = f Pwfz) dz f.1 Pho (Z Zy) ... (5.8]) 

o 

where Zy is given by Expression (5.80). 

NOTE: The stress resultant defined in Expression (5.81) is a characteristic value. Care should be taken when using 
this result to ensure that the appropriate partial factor on actions not omilted, since this expression is a resulr of a 
structural analysis (using the membrane theory of shells). The expression is included here to assist designers in the 
integration of Expression (5.72). It should also be noted that other loads (e.g. patch loads or unsymmetrical filling) may 
induce additional vertical forces in the wall. 
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5.3.1.2 Filling patch load 

(I) The filling patch load should be considered to act on any part of the silo wall. 

(2) The patch load consists of normal pressure only. No changes to the frictional traction associated with the 
changed normal pressure should be considered in design. 

(3) For squat silos (Il/dc :; ] ,0) in all Action Assessment Classes, the filling patch load need not be considered 

(Cpf=O). 

(4) For silos of intermediate slenderness (l,0 < hc/dc < 2,0) in Action Assessment Class I, the filling patch 

load may be ignored. 

(5) For silos of intermediate slenderness (1,0 < hJdc < 2,0) in Action Assessment Classes 2 and 3, the filling 

patch pressure Ppf taken from 5.2. I should be used to represent accidental asymmetries of loading and small 

eccentricities of filling ef (see 1.1 b). 

(6) For silos of squat or intermediate slenderness (IIJde < 2,0) in Action Assessment Classes 2 and 3, where 

the eccentricity of filling ef exceeds the critical value er,cr 0,25dc, the additional load case for large filling 

eccentricities in squat silos should be used (see 5.3.3). 

5.3.2 Discharge loads on vertical walls 

5.3.2.1 Discharge symmetrical load 

(I)P Symmetrical increases in the discharge load shall be used where it is necessary to represent possible 
transitory increases in pressure during the discharge process. 

(2) For squat silos (hJdc :; 1,0), the symmetrical discharge loads may be taken as identical to the filling loads. 

(3) For silos of intermediate slenderness (1,0 < hJdc < 2,0), the symmetrical discharge pressures 

should be determined as: 

and Pwe 

... (5.82) 

'" (5.83) 

where: 

Ch and Cw are discharge factors according to Expressions (5.84) to (5.89) as appropriate. 

(4) For silos in all Action Assessment Classes that are unloaded from the top (no flow within the stored solid): 

... (5.84) 

(5) For intermediate slenderness silos in Action Assessment Class 2 and 3, the discharge factors should be 
taken as: 

Ch ) ,0 + 0, ] 5 Cs ... (5.85) 

... (5.86) 

... (5.87) 

where 

Cs is the slenderness adjustment factor. 
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(6) For intermediate slenderness silos in Action Assessment Class 1, where the mean value of the material 

properties K and J1 have been used for design, the discharge factors should be taken as: 

... (5.88) 

... (5.89) 

... (5.90) 

where: 

ef is the maximum eccentricity of the surface pile during filling; 

eo is the eccentricity of the centre of the outlet; 

Cop is the patch load solid reference factor for the solid (see Table E.I); 

Cs is the slenderness adjustment factor (Expression (5.87». 

(7) The resulting characteristic value of the discharge vertical force (compressive) in the wall 1/zSk per unit 

length of perimeter at any depth should be determined as: 

z 
nzsk f Pwe(z) dz ... (5.91) 

° 
where Zy is given by Expression (5.80). 

NOTE: The stress resultant defined in Expression (5.91) is a characteristic value. Care should be taken when 
this result to ensure that the appropriate partial factor on actions is not omitted, since this expression is a result of a 
structural analysis (using the membrane theory of shells). The expression is included here to assist designers in the 
inlegration of Expression (5.83). It should also be noted that other loads (e.g. patch loads or unsymmetrical filling) may 
induce additional vertical forces in the wall. 

5.3.2.2 Discharge patch 10ad 

(I) The discharge patch pressure Ppe should be used to represent accidental asymmetries of loading (see Figure 

1.1 b). 

(2) The rules set out in 5.2.2 should be used to define the form, location and magnitude of the patch load. 

(3) For squat or intermediate slenderness silos (II/dc < 2,0) in all Action Assessment Classes, where the 

eccentricity of discharge eo exceeds the critical value eo,cr = 0,25dc' the additional load case defined in 5.3.4 

should also be adopted. 

(4) For squat silos (hcldc ~ 1,0) in all Action Assessment Classes and with discharge eccentricity eo less than 

== 0, Idc' the diseharge patch load should not be considered (Cpe = 0). 

(5) For squat or intermediate slenderness silos (h/dc < 2,0) in Aetion Assessment Class I, the discharge patch 

load should not be considered (Cpe = 0). 

(6) For squat silos (II/dc ~ 1,0) in Action Assessment Class 2 and with discharge eccentricity eo greater than 

= 0, Idc' the provisions of 5.3.2.3 should be adopted. 
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(7) For silos of intermediate slenderness (1,0 < h/de < 2,0) in Action Assessment Class 2, the provisions of 

5.3.2.3 should be adopted. 

(8) For squat silos (h/de :::; 1,0) in Action Assessment Class 3 and with discharge eccentricity eo greater than 

eo,er = 0,1 de' the provisions of 5.2.2.2 to 5.2.2.5, as appropriate, should be adopted. 

(9) For silos of intermediate slenderness (l,0 < II/de < 2,0) in Action Assessment Class 3, the provisions of 

5.2.2.2 to 5.2.2.5, as appropriate, should be adopted. 

5.3.2.3 Substitute uniform pressure increase for filling and discharge 

(1) For silos in Action Assessment Class 2, a uniform increase in the symmetrical load may be substituted for 
the patch load method of 5.3.1.2 and 5.3.2.2 to account for asymmetries in the filling and discharge processes. 

(2) The provisions of 5.2.3 may be applied to the patch loads obtained from 5.3.1.2 and 5.3.2.2, using 
Expressions (5.38) to (5.45) as appropriate. 

5.3.3 Large eccentricity filling loads in squat and intermediate circular silos 

(l)P For silos of circular planform in Action Assessment Class 3 that have a squat or intermediate slenderness 
(II/de < 2,0) and a top surface filling eccentricity et greater than et,er = 0,25de (see Figure 5.7), the effect of the 

asymmetry of the normal pressures in inducing vertical forces in the silo wall shall be considered. 

(2) Where hand calculations are performed, the requirements of 5.3.3 (l)P may be fulfiJled by adding the 
vertical wall forces nzSk defined by Expression (5.92) to those evaluated for symmetrical filling with a fill level 

corresponding to filling symmetrically to the highest wall contact (see 5.3.1.1). 

(3) The effect of unsymmetrical pressures may be accounted for by an increase in the vertical force in the wall 
at the circumferential location where the filling height is greatest. 

NOTE: The increase in vertical wall force arises from the global bending action of the silo when the normal 
pressures are absent from the opposite wall. The increase in vertical force is therefore direcliy additive to the forces 
arising from friction that are defined for symmetrical load cases above. 

(4) The calculation should be performed using the upper characteristic values of the properties K and J1 for the 
solid. 
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(5) The characteristic value of the resulting additional vertical force (compressive) in the wall per unit 

length of circumference at any depth Zs below the point of highest waJ] contact should be determined as: 

"zSk ... (5.92) 

in which: 

... (5.93) 

... (5.94) 

r 
B = 2j1K ... (5.95) 

... (5.96) 

where 

Zs is the depth below the highest point of solid contact with the wall; 

(A is the angle of repose of the particulate solid; 

r is the radius of the circular silo wall; 

et is the radial eccentricity of the top of the filling pile (see Figures 1.1 band 5.7). 

NOTE: The stress resultant defined in Expression (5.92) is a characteristic value. Care should be taken when 
this result to ensure that the appropriate partial faclOr on actions is not omitted, since this expression is a result of a 
structural analysis (using the membrane theory of shells). 

(6) The force per unit circumference defined in Expression (5.92) should be added to the force arising from 
wall friction, which may be taken from Expression (5.81). 

5.3.4 Large eccentricity discharge loads in squat and intermediate circular silos 

()) Where the eccentricity of discharge eo exceeds the critical value eo,er = 0,25dc in a silo of squat or 

intermediate slenderness (hide < 2,0) in Action Assessment Class 2 or 3, the procedure for large discharge 

eccentricities in slender silos should be used (5.2.4) as an extra load case separate from the symmetrical and 
patch load treatment given in 5.3.2. 

5.4 Retaining silos 

5.4.1 Filling loads on vertical walls 

(1)P The filling load on the vertical wall shall consider the effect of the geometry of the pile of stored solid, and 
where appropriate, the curvature of the silo wall. 

(2) The evaluation of the lateral pressure ratio K should take account of the restraint provided by the wall 
against outward movement of the stored solid (i.e. at rest pressure condition). Where a structural analysis is used 
to demonstrate that the wall can displace sufficiently in its elastic range, a lower value of K may be adopted. 

(3) The characteristic value of the horizontal pressure Ph on a vertical wall 

determined. 

Figure 5.8) should be 
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NOTE I: The method to be used for determining the horizontal pressure Ph may be given in the National Annex. The 

recommended method is given in Expression (5.97): 

'" (5.97) 

where: 

Zs is the depth below the highest stored solid contact with the wall (see Figure 5.8); 

r is the upper characteristic value of the unit weight of the solid; 

K is the upper characteristic value of the lateral pressure ratio for the solid; 

¢r is the angle of repose of the stored solid. 

NOTE 2: Expression (5 .97) is precise for a straight vertical wall with fully frictional wall contact and the angle of 
repose equal to the angle of internal friction. It matches the expression gi ven in EN 1997. 

Key 

Retaining silo pressure 

Figure 5.8: Filling pressures in a retaining silo 

(4) The characteristic value of the resulting vertical force l1zSk (compressive) in the wall per unit length of 

circumference at any depth Zs below the point of highest wall contact should be determined in a manner that is 

consistent with the pressures defined in (3) and the wall friction coefficient p. 

NOTE: The method to be used for determining the resulting vertical force I/zSk may be given in the National Annex. 

The recommended method is given in Expression (5.98): 

... (5.98) 

where f.l. is the upper characteristic value of the wall friction coefficient of the solid. 

(5) Notwithstanding other rules within this part of EN 1991, the variability of the properties of the stored 
solids may be deemed to have been considered for retaining silos by adopting only the upper characteristic 

values of the unit weight rand the lateral pressure ratio K of the solid. 

5.4.2 Discharge loads on vertical walls 

(1) The discharge load on the vertical wall may be taken to be less than the filling load. 
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With regard to 5.4.2 (1), the evaluation of the conditions of discharge should take account of the possibility 
of unsymmetrical pressures as a result of uneven removal of solid from within the silo. 

5.5 Silos containing solids with entrained air 

5.5.1 General 

(l)P Silos in which it is possible for the stored solid to be fully or partially t1uidized as a consequence of the 
entrainment of air shall be designed for the additional pressures that may arise due to fluidization and air 
pressure. 

(2)P Homogenizing fluidized silos and silos with a high filling velocity 
designed for the following load cases: 

the stored solid fluidized; 

the stored solid not lluidized. 

1.5.16 and 1.5.17) shall be 

(3) Load evaluations for conditions when the stored solid is not fluidized should be performed according to 
5.2 or 5.3 above. 

5.5.2 Loads in silos containing fluidized solids 

(I) In silos storing powders (see 1.5.31), it should be assumed that the stored solid can become lluidized if the 
velocity of the rising surface of the stored solid exceeds 10m/h. 

NOTE: The conditions under which a stored powder can become fluidized depend on many factors and are not 
simple to define. The above rule provides a simple estimate of whether this may be an important design consideration. 
Where any doubt exists, it is recommended that specialist advice on the behaviour of the stored solid be sought. 

(2) In homogenizing fluidized silos 1.5.18) storing powders 1.5.32) that are recirculated, it 
should be assumed that the stored solid can become fluidized. 

(3) The pressure normal to the silo wall Ph from fluidized solids should be calculated as follows: 

... (5.99) 

where: 

I] is the fluidized unit weight. 

(4) The fluidized unit weight of a powder I] may be taken as equal to: 

I] 0,8 r ... (5.100) 

where: 

r is the bulk unit weight of the powder determined from Section 4. 

5.6 Thennal differentials between stored solids and the silo structure 

5.6.1 General 

(1)P The design of a silo structure shall consider the consequences of thermal effects (displacements, strains, 
curvatures, stresses, forces and moments) due to a temperature difference between the stored solid and the silo 
structure and/or between the extemal environment and the silo structure. 
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(2)P Silos in which it is possible for the bulk of the stored solid to be at a different temperature from that of all 
or part of the wall shall be designed for the additional pressures Lhat may arise due to differential thermal 
expansion in the presence of a stiff solid. 

(3) The thermal conditions should be assessed with reference to EN 1991-] -5. 

(4) Differential thermal displacements between the silo and any connected structure should be considered. The 
following design situations should be considered. 

reduction in ambient temperature relative to the temperature of the silo and stored solid; 

filling of the silo with hot solid; 

differential heating rates belween exposed steel members and reinforced concrete; 

restraint to wall displacements from the silo structure. 

NOTE: Differential heating between exposed steel members and reinforced concrete is typically found in silo roofs 
where Lhe roof beams have sliding supports at the wall and provide vertical support to the roof only (i.e. no composite 
action). The problem stems from short term differential expansion; this reduces with time as the concrete temperature 
rises to match that in the exposed steel member. 

5.6.2 Pressures due to reduction in ambient atmospheric temperature 

(1)P Where it is possible for the ambient temperature of the atmosphere to faJi considerably within a short 
period, the design shall consider the pressures induced by differential thermal shrinkage between the external 
structure and the relatively thermally inert stored solid. 

For silos with a circular planform, an additional normal pressure PhT should be taken to act on a silo 

vertical waJl when the container is cooled relative to the stored solid. The additional pressure at each height in 
the silo should be determined as: 

... (5. I 01) 

where: 

CT is the temperature load multiplier; 

aw is the coefficient of thermal expansion of the silo wall; 

iJT is the temperature differential; 

r is the silo radius (=dc12); 

is the wall thickness; 

Ew is the elastic modulus of the silo wall; 

v is Poisson's ratio for the particulate solid 0,3 may be assumed); 

Esu is the unloading effecrive elastic modulus of the stored solid at the depth z. 

(3) The assessment of the unloading effective elastic modulus of the solid Esu at the depth z should take 

account of the vertical stress Pvf in the stored sol1d at that depth after filling. 

(4) The unloading effective elastic modulus should be determined using the method described in C.IO. 
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(5) Where materials testing of the solid is used to obtain the unloading effective elastic modulus, the value of 
the temperature load multiplier should be taken as = 1,2. Where the unloading effective elastic modulus is 

estimated from the density, the value of the temperature load multiplier should be taken as CT = 3. 

5.6.3 Pressures due to filling with hot solids 

(l)P Where hot solids are placed in a silo, account shall be taken of the temperature differential between the 
cooler solids that have been there for some time and the hot atmosphere above the solids surface. The effect of 
such temperature differentials on the differential expansion of the silo wall at different levels shall be 
considered, together with the bending moments arising from satisfying compatibility between these 
deformations. 

(2) These effects need not be considered for silos in Action Assessment Class 1. 

5.7 Loads in rectangular silos 

5.7.1 Rectangular silos 

(I) The wall loads due to bulk solids in rectangular silos should be taken as defined in 5.2, 5.3 and 5.4, as 
appropriate. 

(2) Notwithstanding the general requirement of 4.1 (2), where the silo is constructed with flexible walls whose 
stiffness is comparable with the stiffness of the contained solid, silos in Action Assessment Classes] and 2 may 
be designed to take advantage of bulk solid-structure interaction effects that reduce the pressures at the midside 
of the walls and increase the pressures in the corners. 

(3) Where a variation of pressure at a level is assumed, according to (2), the mean pressure at that level should 
be taken as the value of pressure calculated using 5.2 or 5.3. 

(4) With regard to 5.7.1 (3) and where such reduced pressures are used, a rational method of pressure 
assessment should be used. 

5.7.2 Silos with internal ties 

(I) The wall loads due to bulk solids in rectangular silos with internal ties should be taken as defined in 5.2, 
5.3 and 5.4 as appropriate. 

(2) The forces applied by the ties to the walls of the structure should be evaluated taking into account the bulk 
solids loading on each tie, the location and fixation of each tie, the sag of the tie and the stiffness of the structure 
in resisting increased sag in the tie as a result of bulk solids loading. 

(3) For silos in the Action Assessment Classes 1 and 2 of this standard, the forces applied by the ties to the 
walls of the structure should be evaluated using the structural analysis according to EN 1993-4-1. 
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Section 6 Loads on silo hoppers and silo bottoms 

6.1 General 

6.1.1 Physical properties 

(l)P The characteristic values of the filling and discharge loads on silo bottoms, which are prescribed in this 
section for the following types of silo, shall be used: 

flat bottoms; 

steep hoppers; 

shallow hoppers. 
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Figure 6.1: The boundary between steep and shallow hoppers 

(2)P The loads on the walls of silo hoppers shall be evaluated according to the steepness of the hopper, 
determined according to [he following classes: 

a flat bottom shall have an inclination to the horizontal a Jess than 5°; 

a shallow hopper shal1 be any hopper not classified as either flat or steep; 

a steep hopper shall be any hopper that satisfies the following criterion (see Figures 6.1 and 6.2): 

where: 
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K is the lower characteristic value of the lateral pressure ratio on the vertical walls; 

fJ is the hopper apex half angle; 

... (6. I) 
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Jih is the lower characteristic value of wal I friction coefficient in the hopper. 

NOTE: A steep hopper is one in which the solid slides down the inclined hopper wall when the silo is filled and the 
solid above the hopper causes it to be consolidated. The wall frictional shear stress or traction is then related to the 
normal pressure on the hopper by the wall friction coefficient (fully mobilized wall friction). A shallow hopper is one 
in which the solid does not slide down the inclined hopper wall when the silo is filled (the slope is too low or the 
friction too high). The wall frictional shear stress or traction is then not related to the normal pressure on the hopper by 
the wall friction coefficient, but by a lower value, which depends on the hopper slope and the stress state in the solid 
(wall friction not flllly mobilized). The compressibility of the solid also plays a role in this distinction, but it is less 
important. The boundary between steep and shallow hoppers is smooth, with the same pressures applied to a hopper 
that is at the boundary whether it is in either category (wall friction just flllly mobilized). 

I 
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Figure 6.2: Distributions of filling pressures in steep and shallow hoppers 

6.1.2 General rules 

(1) For the calculation of pressures on hopper walls two methods are given. The reference method is given in 
this clause (6.1.2), and the alternative method is given in Annex G. 

(2) The mean vertical pressure at the transition between the vertical walled segment and the hopper or on the 
silo bottom should be determined as: 

where: 

... (6.2) 

Pyf is the filling value of the vertical pressure calculated using Expression (5.3) or (5.79) according to 

the slenderness of the silo, with the z coordinate equal to the height of the vertical wall he (i.e. at 

the transition: see Figure 1.1a) and using the values of solids properties that induce maximum 
hopper loading (see Table 3.1.); 

Cb is a bottom load magnifier to account for the possibility of larger loads being transferred to the 

hopper or bottom from the vertical walled segment. 
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(3) For silos in Action Assessment Classes 2 and 3, the bottom load magnifier should be determined as: 

Cb = 1,0 except under the conditions defined in below ... (6.3) 

(4) For silos in Action Assessment Class 1 where the mean value of the material properties K and Ji have been 
used for design, the bottom load magnifier should be determined as: 

Cb = 1,3 except under the conditions defined in (5) below ... (6.4) 

(5) Where there is a significant probability that the stored solid can develop dynamic loading conditions, 
higher loads are applied to the hopper or silo bottom. These conditions should be assumed to occur if either: 

a silo with a slender vertical walled section is used to store solids that cannot be classed as of low cohesion 
(see 1.5.23); 

the stored solid is identified as susceptible to mechanical interlocking (e.g. cement clinker). 

NOTE: The evaluation of the cohesion c of a solid is in C.9. The cohesion is classed as low if, following 
consolidation to a normal stress level 0;., the assessed cohesion c does not exceed clo-r = 0,04 (see 1.5.23). 

(6) Where the conditions of are met, the higher loads on the hopper or silo bottom should be determined 
using the bottom load magnifier Cb, which should be taken as: 

1.2 for Action Assessment Classes 2 and 3 ... (6.5) 

C b 1,6 for Action Assessment Class 1 ... (6.6) 

(7) For each condition in a hopper, the mean vertical stress in the solid at height x above the apex of the 
hopper (see 6.2) should be determined as: 

... (6.7) 

in which: 

where: 
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n S (F Jiheff cotP + F) - 2 ... (6.8) 

S 2 for conical and square pyramidal hoppers ... (6.9) 

S for wedge hoppers ... (6.10) 

S = (1 + lila) for hoppers of rectangular planform ... (6.11) 

r is the upper characteristic value of the solid unit weight; 

hh is the vertical height between the hopper apex and the transition (see Figure 6.2); 

x is the vertical coordinate upwards from hopper apex Figure 

is the effective or mobilized characteristic wall friction coefficient for the hopper (Expressions 

(6.16) and (6.26) as appropriate); 

S is a hopper shape coefficient; 

F is lhe characteristic value of the hopper pressure ratio (Expressions (6.17), (6.21) or as 
approprjate ); 
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j3 is the hopper apex half angle (= 90° a), or the steepest slope on a square or rectangular 
pyramidal hopper; 

Pvft is the mean vertical stress in the solid at the transition after filling (Expression (6.2)); 

a is the length of a ~~""'}~_'_' planform (see Figure 1.1 d); 

b is the width of a rectangular planform (see Figure l.Id). 

(8) The determination of the value of the hopper pressure ratio F should take account of whether the hopper is 
steep or shallow and whether filling or discharge loads are being evaluated. Appropriate values of F should be 
taken from 6.3 and 6.4. 

(9) The determination of the value of the effective or mobilized hopper wall friction coefficient JLheff should 

take account of whether the hopper is steep or shallow. Appropriate values should be taken from 6.3 and 6.4. 

6.2 Flat bottOIns 

6.2.1 Vertical pressures on flat bottoms in slender silos 

(1) The vertical pressure acting on a tlat bottom (inclination a::;; 5°) may be taken as uniform, except when the 
silo is squat or of intermediate slenderness. For these cases, 6.2.2 should be used. 

The vertical pressure Pv acting on a nat bottom should be determined as: 

Py = Pvft ... (6.12) 

where: 

Pvft is obtained from Expression (6.2). 

(3) The vertical pressure 
pressure at the end of filling. 

on a flat boLtom during discharge should be taken as identical to the vertical 

6.2.2 Vertical pressures on flat bottoms in squat and intermediate silos 

(1) The potential that pressures higher than those defined in 6.1 (see Expression (6.2» may occur locally on 
the flat bottom of a squat or intermediate slenderness silo should be considered. 

(2) The vertical pressure Pysq acting on the nat bottom of a squat or intermediate slenderness silo may be taken 

as: 

... (6.13) 

in which: 

where: 

Pytp Pyho ... (6.14) 

... (6.15) 

Pvb is the uniform component of vertical pressure, obtained from Expression (6.2) with z = he and 

adopling characteristic values for the solid's properties that induce maximum hopper loading (see 
Table 3.1); 
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Pvho is the Janssen vertical pressure at the base of the top pile, obtained from Expression (5.79) with 

z ho; 

flo is the depth below the equivalent surface of the base of the top pile, defined as the lowest point on 

the wall that is not in contact with the stored solid (see Figure 6.3); 

hlp is the total height of the top pile, defined as the vertical distance from lowest point on the wall that 

is not in contact with the stored solid to the highest stored particle (see Figure 6.3); 

he is the depth of the silo base below the equivalent surface. 

NOTE: The above rule provides a linear transition between the base pressure defined by the Janssen equation for a 
silo that is slender, hIde = 2,0, and the pressure J'Z (z=ho) for the condition where the solids in the silo are only in 

the form of a (he=ho) with no contact with the vertical wall. The latter is greater than the true maximum pressure 

beneath a pile of particulate solid, but the result gives a simple conservati ve estimate. 

h 
tp 

Key 

1 Equivalent surface 
2 Lowest point without solid contact 

Figure 6.3: Pressures on the bottom of a squat or intermediate silo 

(3) The vertical pressure Pvsg given in Expression (6.1 3) may be taken to act both after filling and during 

discharge. 

The value of Pvsq given by Expression (6.13) represents the vertical pressure near the centre of the silo 

1100r. Where support of the floor slab is not uniform, a rational analysis should be used to determine the floor 
pressure variation. 

6.3 Steep hoppers 

6.3.1 lVlobilized friction 

(I) For both filling and discharge conditions, the effective or mobilized wall friction coefficient in Expression 
(6.8) should be taken as 

... (6.16) 

where: 
Ph is the lower characteristic value of wall friction coefficient in the hopper. 
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6.3.2 Filling loads 

(I) Under filling conditions, the mean vertical stress Pv in the stored solid at any level in a steep hopper should 

be determined using Expressions (6.7) and (6.8), with the value of the parameter F given by F Fr, with Ff as: 

b 
... (6.17) 

The parameter n (see Expression (6.8)) is then given by: 

n = S (I-b) fJh cotfJ ... (6.18) 

where: 

b is an empirical coefficient: b = 0,2. 

The other parameters are defined in 6.1.2 (6). 

(2) The normal pressure Pnf and frictional traction Ptf at any point on the wall of a steep hopper after filling 

(see Figure 6.2) should be determined as: 

... (6.19) 

'" (6.20) 

where Ff is given by Expression (6.] 7). 

6.3.3 Discharge loads 

(1) Under discharge conditions, the mean vertical stress in the stored solid at any level in a steep hopper 
should be determined using Expressions (6.7) and (6.8), with the value of the parameter F given by F Fe' 

(2) The value of Fe may be calculated either by using the reference method given in Expression (6.2]), or by 

the alternative method given in G.10: 

1 + sin¢i cos£ 

] - sin ¢i cos(2fJ+£) 

in which: 

where: 

. -I { sin¢Wh} 
£= ¢wh + sm -'-A-,

S1l1 Y'i 

-I 
tan fJh 

fJh is the lower characteristic value of wall friction coefficient in the hopper; 

¢i is the angle of internal friction of the stored solid. 

... (6.21) 

... (6.22) 

... (6.23) 

NOTE I: It should be noted that ¢wh ~ ¢;;. always, since the material will rupture internally if slip at the wall contact 
demands a greater shear stress than the internal friction can sustain. 
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NOTE 2: The above Expression (6.21) for Fe is based on the simple theory of Walker for discharge pressures. The 

alternative expression of Enstad for Fe' set out in G.1O, may alternatively be used . 

(3) The normal pressure Pne and frictional traction Pte (see Figure 6.4) at any point on the wall of a steep 

hopper during discharge should be determined as: 

where Fe is obtained as defined in (2). 

Key 

Steep 
2 Shallow 

:-.. 
\ \r Pne 

\ 
\ 
\ 

2 

Figure 6.4: Discharge pressures in steep and shallow hoppers 

6.4 Shallow hoppers 

6.4.1 Mobilized friction 

. .. (6.24) 

... (6.25) 

(J) In a shallow hopper, the waIl friction is not fully mobilized. The mobilized or effective wall friction 
coefficient should be determined as: 

where: 
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(l-K) 
Jiheff = 2 tanfJ ... (6.26) 

K is the lower characteristic value of lateral pressure ratio for the vertical section (see table 3.1); 

fJ is the half angle of the hopper (see Figure 6.2). 
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6.4.2 Filling loads 

(1) Under filling conditions, the mean vertical stress in the stored solid at any level of a shallow hopper should 
be determined using Expressions (6.7) and (6.8), with the value of the parameter F given by: 

= ] - {b I (1 + tanpi fiheff)} ... (6.27) 

The parameter 12 (see Expression (6.8)) is then given by: 

n = S (I-b) fiheff cotP ... (6.28) 

where: 

fiheff is the mobilized or effective wall friction coefficient in the shallow hopper (see Expression 

(6.26)); 

b is an empirical coefficient: b 0,2. 

The other parameters are defined in 6.].2 (6). 

(2) The normal pressure Pnf and frictional traction Ptf at any point on the wall of a shallow hopper after filling 

(see Figure 6.2) should be determined as: 

Pnf= Ff Pv ... (6.29) 

... (6.30) 

where: 
Ff is given by Expression (6.27). 

6.4.3 Discharge loads 

(1) In shallow hoppers under discharge conditions (see Figure 6.4), the normal pressure and frictional traction 
may be taken as identical to the values on filling (see 6.4.2). 

6.5 Hoppers in silos containing solids with entrained air 

(I)P Hoppers in which it is possible for the stored solid to be fully or partially fluidized as a consequence of the 
eI1lrainment of air shall be designed for the additional pressures that may arise due to nuidizatiol1 and air 
pressure. 

(2) The design pressures should be evaluated as defined in 5.5.2 with no frictional traction all the hopper wall. 
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Section 7 Loads on tanks from liquids 

7.1 General 

(I)P The following rules shall be used to determine the characteristic values of pressure loads from the liquid 
stored in tanks. 

NOTE 1; These rules are valid for static conditions in all types of tanks, but tanks in which dynamic phenomena may 
occur are not included. 

NOTE 2: A list of relevant actions, partial factors and combinations of actions on tanks may be found in Annex B. 

7.2 Loads due to stored liquids 

(I) Loads due to liquids should be calculated after considering: 
a defined range of 1iquids to be stored in the tank; 

the geometry of the tank 

the maximum possible depth of liquid in the tank. 

(2) The characteristic value of pressure p should be determined as: 

p(z) = r z 

where: 

? is the depth below the liquid surface; 

r is the unit weight of the liquid. 

7.3 Liquid properties 

(]) The densi tics given in EN J 991-1- ], Annex A should be used. 

7.4 Suction due to inadequate venting 

... (7.1) 

(I)P Where the venting system to a tank may be susceptible to blockage or impediment, a rational analysis shall 
be used to determine the suction pressures arising during tank discharge at the peak rate. This analysis shall 
consider the possible adiabatic nature of the process. 
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Annex A 
(Informati ve) 

Basis of design - supplementary paragraphs to EN 1990 for silos and tanks 

EDITORIAL NOTE: This annex is for iJ1formatioll only and will be tra/l.>ferred to EN 1990 Forma/ Vote. 

A.l General 

(1) In principle the general format given in EN 1990 for design procedures is applicable. However silos and 
tanks are different to many other structures because they may be subjected to the full loads from particulate 
solids or liquids for most of their life. 

(2) This annex provides supplementary guidance applicable to silos or tanks regarding partial factors on 

actions factors) and on combinations on silos and tanks with other actions; and the relevant ¥tfactors. 

(3) Thermal actions include climatic effects and the effects of hot solids. Design situations that should be 
considered include: 

hot solid or liquid filled into a partly filled silo or tank. The effecls of healed air above the stored material 
should be considered; 

resistance of the stored solid to silo wall conlraction during cooling. 

Determination of the effect of differential settlements of batteries of silo or tank cells should be based on 
the worst combination of full and empty cells. 

A.2 Ultimate Bmit state 

A.2.1 Partial factors r 
(l) The values given in EN 1990, A.I may be used for the design of silos and tanks. 

(2) If the maximum depth of liquid and the unit weight of the heaviest stored liquid are defined, the value of 

the partial factor YF may be reduced from 1,50 to 1,35. 

A.2.2 Combination factors 'If 

(1) For the combination factors ¥tror silo loads and tank loads and combination factors with other actions, see 
A.4. 

A.3 Actions for combination 

(1) The following actions should be considered in the ultimate limit state design of the silo: 
filling and storage of particulate solids (referred to as filling loads in EN 1991-4); 

discharge of particulate solids (referred to as discharge loads in EN 1991-4); 

imposed loads EN 1991-1-1); 

snow loads EN 1991-1-3); 

wind action when the silo is either full or empty (see EN 1991-1-4); 

thermal loads (see EN 199) -1-5); 

imposed deformations: foundation settlement (see EN 1997); 

seismic loads (see EN 1998); 

dust explosion loads. 
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A.4 Design situations and action combinations for Action Assessment Classes 2 and 3 

(1) The dominant action and the permanent action should be taken at their full value in each load case, but the 

accompanying actions may be reduced by the combination factor IfI to account for the reduced probability of 
simultaneous occurrence in accordance with EN 1990. Combinations should be chosen in accordance with the 
rules of EN 1990. 

(2) The combination factor lfIo, I should be taken as 1,0 and ~l = 0,9 in all the above load combinations. 

(3) Where the dominant action is seismic or accidental, the accompanying solids loading may be obtained 

using the single value of the mean wall friction coefficient Jim' the mean lateral pressure ratio Km and the mean 

hopper pressure ratio Fm for the stored particulate solid provided the appropriate procedures in 5.2, 5.3 and 6.1 

are adopted. 
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NOTE: The values of If/may be set by the National Annex. The values and combinations given in Tables A.l, A.2, 
A.3, AA and A.S are recommended values, with Accompanying Actions 2 and 3 reduced by their appropriate 
combination factors If/. 

Table A.I: Design situations and action combinations to be considered 

Short Design situation Permanent Accompanying Action vrO,2 Accompanying Action 3 vrO,3 
title I Dominant actions 2 

action 1 
D Solids discharge Self weight Foundation settlement 1,0 Snow or wind or thermal 0,6 

Imposed loads or 0,7 
deformation 

I Imposed loads or Self weight Solids filling 1,0 Snow or wind or thermal 0,6 
deformation 

S Snow Self weight Solids fill ing 1,0 
WF Wind and full Self weight Solids filling 1,0 

silo 
WE Wind and empty Self weight Solids empty 0,0 

silo 
T Thermal Self weight Solids filling 1,0 
F Foundation Self weight Solids discharge 1,0 Snow or wind or thermal 0,6 

settlement 

1f/2.2 1f/2,3 
E Explosion Self weight Solids filling 0,9 I mposed loads or 0,3 

deformation 
V Vehicle impact Self weight Solids filling 0,8 Imposed loads or 0,3 

deformation 

NOTE I: This table refers to terms in the load combination rules of Section 6 in EN 1990. 

NOTE 2: The subscripts of If/ have the following significance: first subscript is for the type of design situation: 
normal combination values are 0; frequent values are 1; quasi-permanent values are 2. The second subscript refers to 
the load number in the combination. 
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Table A.2: "Ordinary" ultimate limit state ("Ordinary" ULS) - design situations and action combinations to be 
considered 

Short Design Permanent actions Leading variable Accompanying Accompanying Accompanying 
title situation / action variable action 1 variable aclion 2 variable action 3,4, 

Leading (main) etc. 
variable 
action 

Description ~l (See next Description ¥lil.l Description Wil.1 Description Ij/(u 
column, Ij/(l4 
"main") etc 

D Solids Self weight 0,9 Solids LO Foundation 0,7 Snow, wind, 0,6 
discharge discharge settlement thermal 

Imposed loads, 0,7 
imposed 
deformation 

I Imposed Self weight 0,9 Solids filling 1,0 Imposed 0,7 Snow, \vind, 0,6 
deformation deformation thennal 

Imposed loads 0,7 
S Snow Self weight 0,9 Solids filling 1,0 Snow 0.6 Imposed loads 0,7 
WF Wind and Self weight 0,9 Solids filling, 1,0 I Wind 0,6 Imposed loads 0,7 

full silo full silo 
WE Wind and Self weight 0,9 Solids, empty 0,0 Wind 0,6 Imposed loads 0,7 

empty silo silo 
T Thellllal Self weight 0,9 Solids filling 1,0 Thermal 0,6 Imposcd loads 0,7 

NOTE: Table A.2 should be lIsed with Expressions (6.1 Oa) and (6.1 ~b) in EN 1990,6.4.3.2. 

TabJe A.3: "Accidental" ultimate limit state ("Accidental" ULS) - design situations and action combinations to bc 
considered 

ShOl1 Design Permanent actions Leading accidental Accom pan yi n g Accompanying Accompanying 
title situation / action variable action 1 variable action 2 variable action 3, 4, 

Leading (main) etc. 
variable 
action 

Description Description Description !,lI1.1 Description ¥'2.2 Description !,lin 
or ¥'H 

1JI21 etc 
E Explosion Self weight B last pressure Solids filling 0,9 Imposed 0,3 Imposed loads 0,3 

or deformation 
0,8 

V Vehicle Self weight Vehicle Solids filling 0,9 Imposed 0,3 Imposed loads 0,3 
impact impaci or deformation 

0,8 

NOTE: Table A.3 should be used with Expression (6.llb) in EN 1990, 6A.3.3. 

Table A.4: "Seismic" ultimatc limit state ("Seismic" ULS) - design situations and action combinations to be 
considered 

Short Design Permanent actions Leading seismic Accompanying Accompanying Accompanying 
title situation / action variable action I variable action 2 variable action 3, 

Leading (main) etc. 
variable 
action 

Description Description Description VIi,i Description /fhl Description !,lin 

VliA 
etc 

SF Seismic Self weight Seismic action Solids filling, 0,8 Imposed 0,3 Imposed loads 0,3 
action and (eat1hquake) full silo deformation 
full silo 

SE Seismic Self weight Seismic action Solids, empty 0,8 Imposed 0,3 Imposed loads 0,3 
action and (earthquake) silo deformation 
empty silo 

NOTE: Table AA should be llsed with Expression (6.12b) in EN 1990, 6.4.3A and those of EN 1998-1 and EN 1998-4. 
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Table A.S: Serviceability limit state (SLS) - design situations and action combinations to be considered 

Short Design Permanent actions Leading variable Accompanying Accompanying Accompanying 
title situation / action variable action 1 variable action 2 variable action 3,4, 

(main) elC. 

action 
Description (See next Description If/LI Description If/il.c Description 

column, or or 
"main") 1f/2.1 1f/21 

D Solids Self weight Solids 0,9 Foundation 0,7 Snow, wind, 
discharge discharge or settlement or thelmal 

0,8 0,3 
Imposed 
loads, imposed 
deformation 

I Imposed Self weight Solids filling 0,9 Imposed 0,7 Snow, wind, 
defonnatioll or deformation or thennal 

0.8 0,3 
Imposed loads 

S Snow Self weight Solids filling 0,9 Snow 

i 
Imposed loads 

or 
0,8 

WF Wind and Sclfweight Solids filling, 0,9 Wind Imposed loads 
full silo full silo or or 

0,8 0,0 
WE Wind and Self weight Solids, empty 0,0 Wind 0,6 Imposed loads 

empty silo silo or 
0,0 I 

T Thennal Self weight Solids filling 0,9 Them1al ;;: II mposed load, 
or or 
0,8 0,0 

NOTE: Table A.S should be used with Expressions (6.14b), (6.15b) and (6.16b) in EN 1990,6.5.3 as follows: 

Characteristic combination, Expression (6.] 4b): 
The characteristic combination is normally used for irreversible limit states. 

Frequent combination, Expression (6.ISb): 
The frequent combination is normally lIsed for reversible limit states. 

Quasi-permanent combination, Expression (6.16b): 
The quasi-permanent combination is normally used for long-term effects and the appearance of the structure. 

A.S Action combinations for Action Assessment Class 1 

(I) The foJlowing simplified 
filling; 

discharge; 

wind when empty; 

fil1ing with wind; 

snow (for the roof). 

situations may be considered for silos in Action Assessment Class 1: 

(2) A simplified treatment of wind loading is permitted according to rules of EN 1991-J-4. 
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/fJ(u 

/fJ()A 

or 

1JI23 
If/lA 
etc 

0,6 
or 
0,0 
0,7 
or 
0,3 
0,6 
or 
0,0 
0,7 
or 
0,3 
0,7 
or 
0,3 
0,7 
or 
0,3 
0,7 
or 
0,3 
0,7 
or 
0,3 
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Annex B 
(Informati ve) 

Actions, partial factors and combinations of actions on tanks 

EDITORIAL NOTE: This annex is/or il~formatiol1 ollly and will be t.VlI'1,'tt''',·,JI1 to EN 1990 Formal Vote. 

B.l General 

(l)P The design shall take account of the characteristic values of the actions listed in B.2. J to B.2.14. 

The partial factors on actions according to B.3 and the action combination rules according to BA should he 
applied LO these characteristic values. 

B.2 Actions 

B.2.l Liquid induced loads 

(I)P During operation, the load due to the contents shall be the weight of the product to be stored ff'om 
maxinua1Z design liquid level to empty. 

(2)P During test, the load due to the contents shall be the weight of the test medium front maximum test liquid 
level to empty. 

B.2.2 Internal pressure loads 

(I)P During operation, the internal pressure load shall be the load due to the specified minimum and maximum 
values of the internal pressure. 

(2)P During test, the internal pressure load shall be the load due to the specified minimum and maximum values 
of the test internal pressure. 

B.2.3 Thermally induced loads 

(l) Stresses resulting from restraint of thermal expansion may be ignored if the number of load cycles due to 
thermal expansion is such that there is no risk of fatigue failure or cyclic plastic failure. 

B.2.4 Self-weight loads 

(I)P The self-weight loads on the tank shall be considered as those resulting from the weight of all component 
parts of the tank and all components permanently attached to the tank. 

(2) Numerical values should be taken from EN 1991-1-1, Annex A. 

B.2.S Insulation 

(l)P The insulation loads shall be those resulting from the self-weight of the insulation. 

(2) Numerical values should he taken from EN 1991 1-1, Annex A. 

B.2.6 Distributed imposed load 

(1) The distributed imposed load should be taken from EN 1991-1-1 unless specified by the client. 

B.2.7 Concentrated imposed load 

(1) The concentrated imposed load should be taken from EN 1991-1-1 unless specified by the client. 

B.2.S Snow 

(1) The loads should be taken from EN 1991-1-3. 

79 



EN 1991-4:2006 (E) 

B.2.9 Wind 

( 1) The loads should be taken from EN 1991-1-4. 

In addition, the following pressure coefficients may be used for circular cylindrical tanks, see figure B.1: 
a) internal pressure of open top tanks and open top catch basin: = -0,6. 

b) internal pressure of vented tanks with small openings: = -0,4. 

c) where there is a catch basin, the external pressure on the tank shell may be assumed to reduce linearly with 
height. 

(J) Due to their temporary character, reduced wind loads may be used for erection situations according to EN 
1991 1-4 and EN 1991-1-6. 

B.2.10 

Cp = 0,6 

Key 

Cp according to EN 1991-1-4 
2 Cp 0,4 vented tank only 

a) Tank with catch basin 

b) Tank without catch basin 

Figure B.1: Pressure coefficients for wind loading on a circular cylindrical tank 

Suction due to inadequate venting 

( I) The loads should be taken from section 7 of this standard. 
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B.2.11 Seismic loadings 

(l)P The loads shall be taken ji'OITI EN 1998-4, which also sets out the requirements for seismic design. 

B.2.12 Loads resulting from connections 

(l)P Loads resulting from pipes, valves and other items eonnected to the tank and loads resulting from 
settlement of independent item supports relative to the tank foundation shall be taken into account. Pipework 
shall be designed to minimize loadings applied to the tank. 

B.2.13 Loads resulting from uneven settlement 

(I)P ScUlcment loads shall be taken into account where uneven settlement can be expected during the lifetime 
of the tank. 

B.2.14 Accidental actions 

(I) The loads should include the consequences of events such as external blast, impact, adjacent external fire, 
explosion, leakage from the inner tank, roll over and overfilling of the inner tank. 

NOTE: These loads may be specified in the National Annex, or by the client for the individual project. 

B.3 Partial factors for actions 

(l)P The partial factors according to EN 1990 shall be applied to the actions B.2.2 to B.2.14. 

(2) The recommended value of the partial factor for the liquid induced loads during operation 

YF= 1,20. 

B.2.1(l)) is 

(3) The recommended value of the partial factor for the liquid induced loads during test (see B.2.1 (2)) is 

YF= 1,00. 

(4) For accidental design situations, the recommended value of the partial factor for the variable actions is 

1F- 1,00. 

B.4 Combination of actions 

( I)P The general requirements of EN 1990, Section 6 shall be followed. 

(2) It is recommended that imposed loads and snow loads need not be considered to act simultaneously. 

(3) It is recommended that seismic actions need not be considered to act during test conditions. 

(4) It is recommended that accidental actions need not be considered to act during test conditions, hut lhat the 
combination rules for accidental actions given in EN 1990 are appJied. 
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Annex C 
(Normative) 

Measurement of properties of solids for silo load evaluation 

C.IObject 

(1) This annex describes test methods for the determination of the stored solids parameters introduced in EN 
1991-4 for the purposes of silo load evaluation only. These methods are not intended for use in design for 
reliable discharge. Where the properties are required for load assessment, the following aspects are important: 
the relevant stress level is much larger than that for flow assessment, the sample preparation must reflect 
conditions in highly stressed parts of the stored solid after filling, and the stress history of the material is 
generally different from that associated with flow stoppages. As a result, the sample preparation differs in some 
key ways from that appropriate to the measurement of flow properties. 

The particle packing aITangements sought in these tests should achieve high densities for the stored solid. All the 
parameters that affect silo pressures should be evaluated under these conditions because this condition for the 
solid is the reference state for the upper characteristic values of the actions on the silo structure. 

C.2 Fie1d of appJication 

(I) The test methods defined here are for use on silos in Action Assessment Class 3, or for a stored solid that 
is not listed in Table E.I, or as an alternative to the simplified values given in Table E.I. The reference stresses 
in the tests are either vertical or horizontal and they should be representative of the stresses in the stored solid at 
the silo transition when the silo is in the full condition. 

(2) The test methods may also be used for the measurement of values of solids properties of general relevance 
to silo design. Tests to determine such generally relevant values should be carried out, where applicable, using 
the following reference stress levels: 
a) to represent the vertical pressure (see e.6, e.S and e.9): reference stress O"r = 100 kPa 

b) to represent the horizontal pressure (see C.7.2): reference stress O"r = 50 kPa. 

C.3 Notation 

For the purpose of this annex the following notation applies: 

a property modification coefficient 

c cohesion (see Figure CA) 

D cell internal diameter 

Fr residual shear force at end of wall friction test (see Figure C.2b) 

Kmo mean lateral pressure ratio for smooth wall conditions 

L1 displacement of top part of shear cell during test 

(A angle of internal friction measured during loading of the sample 

¢c angle of internal friction measured under decreasing normal stresses 

J1 coefficient of friction between the sample of solid and the sample of wall 

0;. reference stress 

~l final shear stress measured in a shear test after increasing the normal stress (see Figure CA) 
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peak shear stress measured in a shear test after decreasing the normal stress Figure CA) 

T shear stress measured in a shear test. 

C.4 Definitions 

For the purpose of this annex the following definitions apply. 

C.4.1 
secondary parameter 
any parameter that may influence stored material properties but is not listed as a primary cause of parameter 
variation. Secondary parameters include composition, grading, moisture content, temperature, age, electrical 
charge due to handling, and production method. Variations in the reference stresses mentioned in e.2 should 
each be considered as a secondary parameter 

C.4.2 
sampling 
the selection of representative samples of stored solids or silo wall material, including variations wi th ti me 

C.4.3 
reference stress 
the reference stress is the stress state at which the measurements of stored solid properties are carried out. The 
reference stress is normally selected to correspond to the stress level in the silo after filling. Sometimes it may be 
necessary to define the reference stress with more than one principal stress 

C.S Sampling and preparation of samples 

(I) should be carried out on representative samples of the particulate solid. 

(2) The choice of sample should be made with appropriate consideration of the vanatlOns that may occur 
during the lifetime of the structure, the changes that may be caused by variations in ambient conditions, the 
effects of methods of silo operation, and the effects of segregation of solids within the silo. 

The mean value for each solids property should be determined making proper allowance for variation of 
secondary parameters. 

The reference stress q. for each test should be identified in relation to the stress state in the stored solid 

after filling. The value of the reference stress need not be accurately defined. 

NOTE: A precise evaluation of the reference stress would require the outcome of the test to be known before the test 
is The precise value of the reference stress is not critical to the tests, but these tests should be at 
stress levels that are appropriate to the purpose to which will be put. 

(5) The following method of sample preparation should be used for the tests described in C.6, e.7.2, e.8.1 and 
C.9. 

(6) The sample should be poured into the test cell, without vibration or other compacting forces and the 
reference stress q. applied. A top plate should be rotated clockwise and antic10ckwise about the vertical axis 

several times through an angle of at least 10 to conso1idate the sample. 

NOTE J: Reference may be made to the ASTM Standard D6128 concerning this procedure. 

NOTE 2: The number of twists that is required depends on the solid being tested. 

(7) The mean test values should be adjusted by conversion factors to derive eXlreme values. The conversion 
factors should be selected to allow for the influence of secondary parameters, the variability of the solids 
properties over the silo life, and for sampling inaccuracies. 
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(8) The conversion factors a for the properties of a solid should be adjusted if the effect of one secondary 
parameter accounts for more than 75 of the margin introduced for the solids property by the conversion 
factor. 

C.6 Bulk unit weight r 
C.6.1 Principle of the test 

(1) The bulk unit weight rshould be determined using a consolidated sample of the partieulate solid. 

NOTE: The aim of this test is to obtain a good estimate of the maximum density likely to occur in the silo. This aim 
is achieved by identifying the maximum achievable bulk density at the stress level likely to arise in the silo. To achieve 
this, it is necessary to pack the solid into the test apparatus with an appropriately densely packed arrangement of the 
particles before the consolidating stress is applied. This can be achieved either by rain filling of the solid, or tWlsllllg 
of the lid to achieve a density that is representative of the conditions relevant to silo pressure evaluation. For this 
reason, a rough lid is chosen, with rotation of the lid to achieve appropriate particle rearrangement. This procedure 
differs from the ASTM method given in ASTM 06683-0 I "Standard test method for measuring bulk density values of 
powders and other bulk solids" because the latter is chiel1y concerned with powders, where the aim is to achieve a 
loose 

Key 

Standardised twisting 
2 Smooth 
3 Rough 

Figure C.1: Device for the determination of r 
C.6.2 Apparatus 

(1) The celJ shown in Figure C.l should be used to measure the weight and volume of the solid sample. The 
diameter D of the ceJl should be at least 5 times the maximum particle size and not less than 10 times the mean 
particle size. The compacted height H of the sample should be between O,3D and O,4D. 

NOTE: The restrictions on particle sizes are chosen for the following reasons. The maximum particle size is limited 
10 ensure that the restrictions on particle arrangements caused by the fixed lines of the walls do not have an inordinate 
innuence on the measured density. In addition, it is recognized that this influence is greater where the particles are all 
of about rhe same size than where smaller particles can occupy the interstitial spaces between the larger particles. Thus, 
for monosized materials the above restriction is at 10 times the particle size, but for solids with a wide particle size 
distributioll, the restriction falls to 5 times the largest particle size. 

C.6.3 Procedure 

(I) The reference stress q. should be equal to the vertical stress in the stored solid in the silo pV. 
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(2) Sample preparation should be carried out according to the guidelines given in C.S. The bulk unit weight is 
determined by dividing the weight of a consolidated sample of the particulate solid by the bulk volume. The 
height H should be taken as the mean of three measurements at the same radius and at 120° separations around 
the cell. 

NOTE: If the density is measured instead ASTM Standard 06683, a lower density may be found. The 
ditTerence is generally small for powders, but it may be significant for coarse grained solids. 

C.7 Wall friction 

C.7.1 General 

(1) A distinction should be made between the two parameters: 
coefficient of wall friction Jim for the determination of pressures; 

angle of wall friction 9wh for the evaluation of flow. 

(2) For solids containing a range of particle sizes that may segregate during the filling process, the sample 
used for the determination of the wall friction coefficient Jim should be chosen with appropriate consideration of 

the effects of segregation. 

Wall friction tests should be conducted with wall sample coupons that are representative of the wall 
surface materials that will be used in construction. 

NOTE: Allhough testing laboratories may have sample coupons of a wide range of construction and lining materials, 
an individual coupon may have a different finish from that which is available at the time of construction. Coupons of 
nominally identical description may produce wall friction that differ by several degrees. Where possible, wall 
coupons should be obtained from the anticipated source of the construction material (such as a sleel mill or vessel 
fabricator). Painted steel surfaces should be painted with the same type of paint. For major projects, it is recommended 
that test coupons are retained for later comparison with the construction materials that are actually used. It is not 
currently possible to characterize a wall coupon surface in a way that reliably predicts its wall friction behaviour. 

(4) Wherever the silo wall may later be subject to either cOlTosion or abrasion, wall friction tests should be 
conducted on both fresh and used coupons. 

NOTE: Wall surface finishes in silos usually change over time. Con"osion may roughen a surface. while abrasive 
wear may either polish or roughen the surface. Surfaces such as polyethylene may be gouged, and painted surfaces may 
be scratched. Silo walls may also become smoother due to an accumulation of fine products from the stored solids in 
small voids (grease, fines etc.). These changes may cause a funnel flow pattern to occur in a silo intended for mass 
flow, or for mass flow to occur in a silo intended for funnel flow. The filling pressures may increase in a silo with 
polished walls and the filling wall frictional traction may increase in a silo with a roughened wall. 

C.7.2 Coefficient of waH friction JIm for the determination of pressures 

C. 7.2.1 Principle of the test 

(l) A sample of the particulate solid should be sheared along a surface representing the silo wall (a sample 
with corrugation in the case of corrugated steel silos) and the friction force at the sheared surface should be 
measured. 

NOTE: Care should be used to ensure that the wall shear data is interpreted appropriately according to whether 
loading or flow calculations are performed. 

C.7.2.2 Apparatus 

(1) The test apparatus is shown in Figure C.2. The diameter of the cell should be at least 20 limcs thc 
maximum particle size and not less than 40 limes the mean particle size. The compacted height H of the sample 
should be between O,lSD and 0,20D. In the case of waJl samples with irregularities such as corrugalions the cell 
size should be selected accordingly. 
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NOTE: The restrictions on particle sizes are chosen for the following reasons. The maximum particle size is limited 
to ensure that the restrictions on particle arrangements caused by the fixed lines of the walls do not have an inordinate 
inlluence all the measured property. In addition, it is recognized that this influence is greater where the particles are all 
of about the same size than where smaller particles can occupy the interstitial spaces between the larger particles. Thus, 
for monosized materials the above restriction is at 40 times the particle size, but for solids with a wide particle size 
distribution, the restriction falls to 20 times the largest particle size. 

C.7.2.3 Procedure 

(1) The reference stress 0;. should be taken as the largest horizontal silo pressure PI,. 

(2) Sample preparation should be carried out according to the guidelines given in C.S. 

After filling the cell and before shearing, the cell should be rotated and lifted slightly off the test surface, 
so that only friction between the particles and surface is measured. 

(4) Shearing of the sample should be carried out at a constant rate of approximately 0,04 mm/s. 

(S) The residual friction force Fr Figure C.2), attained at large deformations, should be used in the 

calculation of the coefficient of wall friction f1 for action calculations. 

(6) The sample value of the coefficient of wall friclion f1 for action calculations should be determined as: 

f1=N ... (C.I) 

where: 
Fr is the final or residual value of the shear force (see Figure C.2b); 

N is the applied vertical load on the cell. 

C.7.3 Angle of wall friction (Jwh for the evaluation of flow 

(1) Where it is necessary to obtain the angle of wall friction ¢wh for the evaluation of now, reference may be 

made to the ASTM Standard D6128. 

(2) The wall friction value needed for flow assessment should be obtained at low stress levels. 

(3) Care should be used to ensure that the wall shear data is interpreted appropriately according to whether 
loading or now calculations are being performed. 

F 

fl= N 
- - - -.;-:-=-=--~~~ ... .................................... 
.. 

/'" 
s 

1 
a) Cell for measuring wall friction b) Typical shear-displacement curves 

Figure C.2: Test method for determination of wall friction coefficient 
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C.8 Lateral pressure ratio K 

C.8.t Direct measurement 

C.8.I.l Principle of the test 

(1) A vertical stress (}I should he applied to a sample constrained against horizontal deformalion. The induced 

horizontal stress (}2 should he measured and the secant value of the lateral pressure ratio Ko determined. 

NOTE I: The magnitude of the coefficient Ko is influenced by the direction of the principal stresses in the test sample. 

The horizontal and vertical stresses are approximately principal stresses in the test sample whereas they may not be in 
the silo. 

NOTE 2: Where the sample is said to be constrained against horizontal deformation, this means that lhe horizontal 
strains in the solid are kept so small that their effect on the stress in the particulate solid sample is minor. Nevertheless 
these strains are large enough to produce measurable observations in the thin wall of the apparatus, or in special parts 
of the wall lhat have been to concentrate strains. A mean circumferential strain of the order of 100 
microstrains generally meets these criteria of limited strain in the solid with measurable values in the apparatlls. 

0"1 

Figure C.3: Test method for determining Ko 

C.8.1.2 Apparatus 

(l) The geometry of the test apparatus is shown in Figure C.3. The horizontal stress should he deduced from 
strains measured on the outer surface of the vertical section, hut the wa]] must be thin, and the design must 
ensure that the stress state in the wall is couectly interpreted. 

NOTE: The following features are generally necessary in this apparatus: 
a) a separate bottom plate that is independent of the walls; 
b) measurement of both horizontal and vertical strains on the cylindrical walls; 
c) the strain measurement devices distant from the specimen ends; and 
d) verification that the measured strains are related to the internal horizontal stress by the assl1med faclor (vertical 

bending of the cylindrical wall may affect this relationship). 

C.8.1.3 Procedure 

(1) The reference stress 0;. should be taken as the highest vertical stress in the stored solid in the silo. 

(2) Sample preparation should be calTied out according to the guidelines given in C.S. 

(3) The horizontal stress 0"2 in the sample that results from application of a vertical stress (}j equal to the 

reference stress (}r should be observed. The value of Ko should be calculated from these stresses (see Figure 

as: 
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(4) The value of K should be taken as: 

... (C.3) 

NOTE: The factor 1, I in (C.3) is used to give an approximate of the difference between 
the lateral pressure ralio (=Ko) measured under conditions of almost zero wall friction and the value of K measured 
when wall friction is present (see also 4.2.2 (5)). 

C.8.2 Indirect measurement 

(I) An approximate value for K may be deduced from the loading angle of internal friction which may be 

determined either from the method described in C.9 or from a triaxial test. The approximate relationship given in 
Expression (4.7) should be used to deduce K from ¢j' 

C.9 Strength parameters: cohesion c and internal friction angle rA 

C.9.1 Direct measurement 

C.9.1.1 Principle of the test 

(1) The strength of a stored solid sample may be determined from shear ceJ] tests. Two parameters c and (A 
should be used to define the effects of a stored solid's strength on silo pressures after the silo has been filled. 

(2) Reference may be made to the ASTM D6128, but it should be noted that the parameters derived from the 
test in that standard are not identical to those defined here. 
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b) Typical shear - displacement curves c) Typical shear stress - normal stress relations for 
measured shear stresses 

Figure C.4: Test method for determining the angles of internal friction rA and fJc and the cohesion c based 

on the preconsolidation stress err 

C.9.1.2 Apparatus 

(1) The test apparatus should consist of a cylindricaJ shear cell, as shown in Figure C.4. The shear cell 
diameter D should be at least 20 times the maximum particle size and not less than 40 times the mean particle 
size. The height H should be between 0,3D and O,4D. 

NOTE: The restrictions on particle sizes are chosen for the following reasons. The maximum size is limited 
to ensure that the restrictions on particle arrangements caused by the fixed Jines of the walls do not have an inordinate 
influence on the measured property. In addition, it is recognized that this influence is greater where the particles are all 
of about the same size than where smaller particles can occupy the interstitial spaces between the larger particles. Thus, 
for monosized materials the above restriction is at 40 times the particle size, but for solids with a wide particle size 
distribution, the restriction falls to 20 times the largest particle size. 

C.9.1.3 Procedure 

(1) The reference stress 0"[ should be approximately equal to the vertical stress in the stored solid in the silo 

defined in C.2. SampJe preparation should be carried out according to the guidelines given in c.s. 

(2) Shearing of the sample should be carried out at a constant rate of approximately 0,04 mm/s. 

(3) The shear stress r developed at or before a horizontal displacement of L1 = 0,06D should be used to 
calculate the strength parameters for the solid, where D is the internal diameter of the cell Figure C.4). 

(4) At least two tests should be carried out (see Table C.I and Figure C.4) as defined in (S) and (6) below. 

89 



EN 1991-4:2006 (E) 

(S) The first sample should be sheared under a normal load causing the reference stress 0;. to obtain the failure 

shear stress TA" 

(6) The second sample should first be pre-loaded under a normal load causing the reference stress O"r and just 

brought to shear failure as for the first sample. Shearing should be stopped and the applied shear load reduced to 
zero. The normal load on this second sample should then be reduced to a value causing approximately half the 

reference stress (O"B ::::::; o;J2) and sheared again to obtain the failure shear stress TB. Stresses determined fi'om the 

two tests are named in Table e.l). 

Table C.l: Recommended tests 

Test Pre-load value of Test load value of Maximum measured 
normal stress normal stress shear stress 

No. I 0"[ O"r TA 

No.2 0"[ O"B::::::; o;J2 TB 

C.9.1.4 Interpretation 

(I) The loading angle of internal friction 9i for the stored solid should be calculated as: 

¢i = arctan (TA / O"r) ... (C.4) 

(2) The cohesion c that develops in the stored solid under the reference stress 0;. sbould be calculated as: 

... (e.S) 

... (e.6) 

where: 

9c is the unloading internal friction angle for an overconsolidated material 

NOTE: The value of cohesion c depends strongly on the consolidation stress 0"[' so this cannot be regarded as a fixed 

properLy of the solid. 

(3) For a cohesionless solid (where c = 0), the frictional strength should be described only by the loading angle 

of internal friction 9i (which is then equal to 9c)' 

NOTE: A sLandard triaxial test may be used as an alternative to the test described above. 

C.9.2 Indirect measurement 

C.9.2.1 Principle of the test 

(l) Where shear cell tests using a Ienike Shear Cell (ASTM Standard D6128) have been undertaken, the 
cohesion of a stored solid may alternatively be approximately deduced from these results. 

(2) The cohesion should be found in relation to the maximum mean vertical stress in the silo after filling O"vft' 

which is defined in e.2. 

(3) The "major principal consolidating stress" O"c should be taken as equal to the maximum mean vertical 

stress in the silo after filling O"vf[' 
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(4) The unconfined yield stress O"u corresponding to this consolidation stress should be determined. The 

effective angle of internal friction 8 (determined under the corresponding stress conditions) should also be 
found. 

(5) An approximate value for the cohesion c should then be determined as: 

( 
sin8 - sin¢c ) 

c = O"c cos¢c (I +sin8) 

in which: 

_ " -I (2 sin8- k) 
¢c - Sll1 2 - k 

k = (::J (I + sin~ 
where: 

O"c is the major principal consolidating stress found in a lenike shear cell test; 

O"u is the unconfined yield strength found in a lenike shear cell test; 

8 is the effective angle of internal friction found in a .Tenike shear cell test; 

¢c is the unloading angle of internal friction (see Figure CAc). 

... (C.7) 

... (C.S) 

... (C.9) 

NOTE I: It should be noted that the value of cohesion c depends strongly on the consolidation stress 0;., so this cannot 

be regarded as a fixed property of the solid. 

NOTE 2: It should be noted that the major principal consolidating stress ()c is usually referred to as (), in the bulk 

solids handling literature. 

(6) An approximate value for the loading angle of internal friction ¢i may be found hom this test as: 

_I ( sin8 cos¢c ) 
= tan tA I - sin¢c sin8 

... (C.IO) 

NOTE: It should be noted that the two parameters c and ¢i are used in this standard only to define the effects of a 

stored solid's strength on silo pressures. 

C.lO Effective elastic modulus Es 

C.lO.l Direct measurement 

C.lO.I.l Principle of the test 

(l) A vertical stress 0"1 should be applied to a sample constrained against horizontal deformation. As the 

vertical stress increases by Lto"), the change in induced horizontal stress Lt0"2 and the change in vertical 

displacement Ltv) should be measured. The loading effective elastic modulus EsL should be deduced from these 

measurements. The vertical stress should then be decreased by LtO"I' the change in induced horizontal stress Li0"2 

and the change in vertical displacement Ltv] should be measured. The unloading effective elastic modulus Esu 

should be deduced from these measurements. 

NOTE I: The magnitude of the coefficient Ko is influenced by the direction of the principal stresses in the test sample. 

The horizontal and vertical stresses are approximately principal stresses in the test sample. 
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NOTE 2: Where the sample is said to be constrained against horizontal deformation, this means thaL the horizontal 
strains are kept so small that their effect on the stress in the particulate solid sample is minor, but the strains are large 
enough to produce measurable observations in the thin wall of the apparatus. Strains of the order of 100 microstrain 
meet these criteria. 

C.10.1.2 Apparatus 

(I) The geometry of the test apparatus that should be used is shown 111 Figure e.S and is similar to the 
apparatus described in e.S for the measurement of lateral pressure ratio K. 

(a) Test apparatus 

Key 

I Smooth 
2 Rough 

(b) Typical vertical displacements for increments of 
vertical stress Liu1 

Figure C.S: Test method for determining the loading and unloading elastic moduli 

(2) The horizontal stress should be deduced from strains measured on the outer surface of the vertical section. 
The wall of the cell should be thin, and the design should ensure that the stress state in the wall is correctly 
interpreted (it is generally necessary to have a separate bottom plate, to make both horizontal and vertical strain 
measurements, and to site the strain measurement devices distant from the specimen ends). 

(3)P An accurate means of measuring small increments in the vertical displacement of the sample shall be 
provided. 

C.10.1.3 Procedure 

(1) The reference stress O'r should be taken as the highest vertical stress in the stored solid in the silo. 

(2) Sample preparation should be carried out according to the guidelines given in C.S. 

(3) After application of a vertical stress O'j equal to the reference stress O'f' the measurement systems for 

observing horizontal stress and vertical displacement should be read. The height of the compressed sample H 
should also be accurately measured. 

(4) A small additional increment of vertical stress dO'] should be applied, and the horizontal stress and vertical 

displacement should be measured again. The increment of vertical stress dO'I should be approximately 10 % of 

the reference stress 0']. 
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(5) The change in horizontal stress (caused by the vertical stress increment Ltaj ) should be determined as Lta2 

and the change in vertical displacement should be determined as Ltl'. The loading incremental value of K should 
then be determined as KL: 

(6) The loading effective elastic modulus EsL should then be determined as: 

Lto-I r 2KL21 
EsL = H Ltv \1 - I + K,J 

... (C.II) 

... (C.12) 

(7) A small incremental reduction of vertical stress Lto-1 should then be applied (treated as negative quantity), 

and the horizontal stress and vertical displacement should be measured again. The increment of vertical stress 

Lto-I should again be approximately 10 % of the reference stress 0-1, 

(8) The change in horizontal stress (caused by the vertical stress increment Lto-I ) should be determined as Lio-2 

and the change in vertical displacement should be measured as Liv (both negative). The unloading incremental 
value of K should then be determined as Ku: 

Lto-2 

Lio-I 
... (Cn) 

(9) The unloading effective elastic modulus Esu should then be deduced as: 

ita] ( 2KU 
2 J =H- 1---

Liv 1 + Ku 
... (C.14) 

NOTE: The unloading effective elastic modulus is usually much higher than the loading modulus. In assessments 
where high elastic modulus may be deleterious to the structure (e.g. thermal differentials), the unloading modulus 
should be used. Where the elastic modulus of the solid is beneficial to the structure in thin-walled rectangular 
silos) the loading modulus should be used. 

C.I0.2 Indirect assessment 

(1) As an aid to determine whether testing is justified in a particular case, an approximate value for Esu may 

be estimated from 

XPvft .. , (C.15) 

where: 

Pvft is the vertieal stress at the base of the vertical walled section (Expression (5.3) or (5.79)); 

X is the modulus contiguity eoefficient. 

NOTE: The unloading effecti ve elastic modulus EsU and the vertical stress Pvft are expressed in the same units in 

Expression (C.lS). 

(2) In the absence of experimental data from tests according to C.1O.l, the modulus contiguity eoefficient X 
may be estimated as 

... (CI6) 

where: 

r is the unit weight of the stored solid in kN/m3
. 
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(3) The value of X may alternatively be taken as 70 for dry agricultural grains, 100 for small mineral particles 
and 150 for large hard mineral particles. 

C.II Assessment of the upper and lower characteristic values of a property and determination of the 
conversion factor a 

C.I1.1 Principle 

(I)P The silo shall be designed for the most adverse loading condition which may occur during its design life. 
This section deals with the assessment of the variability of properties which may occur in samples presented for 
testing at the lime of design. 

NOTE: It is 
easy to assess. 

that the properties of the stored solid will change during the life of the structure, but these are not 

(2)P The extreme values of loads for design shall be represented by their characteristic values, which are values 
with accepted prescribed probabilities of not being exceeded (5 percentile and 95 percentile values normally) 
during the intended life of the container or the permanency of the design. 

(3)P The extreme values of properties needed to achieve these extreme load levels shaH be termed characteristic 
values of the properties. 

(4)P Both upper and lower characteristic values of the relevant properties shall be used to obtain the relevant 
loading conditions. 

(5) The simplified treatment defined here should be used, in which the characteristic value is taken as 1,28 
standard deviations from the mean. 

NOTE J: The values of properties required to achieve a fixed probability of exceedence of the load levels depend on 
the geometry and absolute size of the container, the load case being considered, and whether the loads are on vertical or 
hopper walls. In addition, the moisture content, temperature, potential for segregation and age all affect these values. 

NOTE 2: It may be noted that EN 1990, Annex D "Design assisted by testing", recommends a different value from 
1,28. As stated ill the above paragraph, because several uncorrelated properties contribute to the characteristic load 
value, a 10 percenti Ie or 90 percentile value of each property is judged to be a reasonable estimate of the value required 
to give an appropriate probability for the final load. The use of a higher value than this is likely to lead to that 
are considerably more conservative than current practice. 

If adequate ex peri mental data is available, the characteristic values should be determined using statistical 
techniques. 

NOTE I: Test data, although useful as the basis for the assessment of characteristic values, have their limitations 
(limited sample size, limited sampling technique, etc.). These limitations may cause the data to be unrepresentative of 
the fuJI range of properties that may occur in the design life of the structure. 

NOTE 2: The values given in Table E.1 represent a mixture of judgement based on experience and available 
experi mental data. 

(7) If the client or designer has adequate data or experience for a particular design situation, then the client 
may select characteristic values to represent the range of values of properties that may occur during the design 
life of the container. 

C.11.2 l\Ilethod of estimation 

(1) The following procedure may be used to obtain the characteristic values of any property. In the following, 
the variable x is used to represent any property. 

The mean value of the property x, should be determined from test data. 

(3) Where possible, the coefficient of variation is should be determined from the test data. 
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(4) Where the test data is insufficient to provide a good estimate of the coefficient of variation, an appropriate 
value should be estimated for the solid. Table C.2 may be used as a guide. 

(5) The upper characteristic value for the property (xu = xO,90) should be determined as: 

XO,90 = x (I + 1,28 0) 

(6) The lower characteristic value for the property should be determined as: 

X0.10 x (l - 1,28 0) 

(7) The conversion factor ax for the property should be determined as: 

1 + 1,288 ::::: 1 + 1.288+ 8 2 

1-1,288 ' 

17) 

... (C.18) 

... (C.19) 

NOTE: Expression (C19) is the simplest method of determining a single value for that gives a close approximation 

for both xO,90 and xO, I O. However, it should be noted that because Expressions (CI7) and (CI8) are additive 

expressions, but the use of ax is multiplicative, there will be a small discrepancy between the characteristic 

values determined from Expressions (C.17) and (CI8) and those found using the simpler method of this standard 
based on Expression (CI9) and Expressions (4.1) to (4.6). 

(8) Where the values must be estimated, the coefficient of variation 8 for unit weight should be taken as 0,10. 
For other properties, the values may be estimated from those for similar particulate solids using Table C.2. 
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Table C.2: Typical values of the coefficient of variation of particulate solids properties 

Coefficient of variation 0 
Bulk solid Lateral Angle of Wall friction coefficient (j.1) 

pressure internal 
ratio (K) friction (rA) 

(degrees) 
Wall friction category 

TypeD] TypcD2 Type D3 

Aggregate 0,11 0,11 0,09 0,09 0,09 

Alumina 0,14 0,16 0,05 0,05 0,05 

Animal feed mixture 

= 
0,08 0,06 0,19 0,19 0,19 

Animal feed pellets 0,05 0,05 0,14 0,]4 0,14 

Barley 0,08 0,10 0,11 0,11 0,11 

Cerncn\ 0,14 0,16 0,05 0,05 0,05 

Cement clinker 0,21 0,14 0,05 0,05 0,05 

Coal 0,11 0,11 0,09 0,09 0,09 

Coal, powdered 0,14 0,18 0,05 0,05 0,05 

Coke 0,11 0,1 ] 0,09 0,09 I 0,09 

Flyash 0,14 0,12 0,05 0,05 0,05 

Flour 0,08 0,05 O,IJ 0,11 0,11 

Iron ore pellets 0,11 0,11 0,09 0,09 0,09 

Lime, hydrated 0,14 0,18 0,05 0,05 0,05 

Limestone powder 0,]4 0,16 0,05 0,05 0,05 

Maize 0,10 0,10 0,17 0,17 0,17 

Phosphale 0,11 0,13 0.09 0,09 0,09 

Potatoes 0,08 0,09 0,11 0,11 0,11 

Sand I 0,08 0.07 0,11 0,11 0,11 

Slag clinkers 0.08 0,07 0,11 O,J 1 0,11 

Soya beans 0,08 0,12 0,11 0,11 0,11 

Sugar 0,14 0,14 0,05 0,05 0,05 

Sugarbeet pellets 0,11 0,11 0,09 0,09 0,09 

Wheat 0,08 0,09 0,11 0,11 0,1 I 
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D.10bject 

Annex D 
(Normative) 

Evaluation of properties of solids for silo load evaluation 

This annex describes methods for the evaluation of parameters needed in EN 1991-4 for the purposes of silo 
load evaluation that cannot be measured directly. 

D.2 Evaluation of the wall friction coefficient for a corrugated wall 

(I) For Wall Surface Category D4 (corrugated or profile steel sheeting or walls with horizontal ribs) (see 
Figure D.I), the effective wall friction should be determined as: 

where: 

f.1eff is the effective wall friction coefficient; 

¢i is the angle of internal friction; 

f.1w is the wall friction coefficient (against a flat wall surface); 

aw is the wall contact factor. 

... (D.I) 

NOTE: For Wall Surface Category 04, the effective wall friction depends on the stored solid's internal friction, the 
friction coefficient against a flat wall, and the profile of the sheeting. 

1 

2 ~ 

a) Trapezoidal corrugated profile 

Key 

Filled solids 
2 Solid flow 
3 Rupture surface 

b) Sinusoidal corrugated profiJe 

Figure D.1: Dimensions of profile steel sheeting 

(2) The parameter aw in Expression (D. I), which represents the extent of solids movement against the wall 

surface, should be determined from the geometry of the wall sheeting profile (see Figure D.l a): 

... (D.2) 
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NOTE: The interface between the 
internal rupture surface within the solid. The 

by G w' 

and stationary zones i::; partly in contact with the wall and partly an 
of interface that involves the solid moving against the wall is 

(3) Where necessary, an appropriate estimate should be made of the solid/wall contact regime (see Figure 
D.lb). 

NOTE: For wall profiles similar to that shown in Figure 0.1 b, the value may be taken as 0,20. 

D.3 InternaJ and waH friction for coarse-grained solids without fines 

(I) The wall friction coefficient J1 and the angle of internal friction ¢i cannot be easily determined for solids 

which consist of large particles without a fines content (e.g. lupins, peas, potatoes), so the of internal 
friction ¢i should be taken as equal to Lhe angle of repose ¢r of a loose poured heap of solid with an 

approximately planar surface. 
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E.1 General 

Annex E 
(Normative) 

Values of the properties of particulate solids 

( 1) This annex provides values of stored solid properties for design. 

E.2 Defined values 

(1) The values that should be used in design are given in Table E.l. 

Table E.l: Particulate solids properties 

Type of U' . h h nit welg t Angle of Angle of internal Lateral Wall friction coefficient C 

particulate repose friction pressure 
J.1 d, e 

CPr CPi ratio solid y (p = tan q)w) 
K 

Wall Wall Wall 

y( /;1 CPr CPil11 
K Cl K type type type (II' 11/ 

Dl D2 D3 
Lower Upper Mean Factor Mean Factor Mean Mean Mean Factor 

kN/m3 kN/m3 degree: egrees 

Default material a 6,0 22,0 40 35 1,3 0,50 1,5 0,32 0,39 050 1,40 

Aggregate 17,0 18,0 36 31 1,16 0,52 
t= 

1,15 0,39 0,49 0,59 1,12 
Alumina 10,0 12,0 36 30 1,22 0,54 1,20 0,41 0,46 0,51 L07 
Animal feed mix 5,0 6,0 39 36 1,08 I 0,45 LlO 0,22 0,30 ~43 1,28 
Animal feed pellets 6,5 8.0 37 35 1,06 0,47 1.07 0,23 0,28 J7 1,20 
Barley (j 7,0 8,0 31 28 1,14 0,59 I I,ll 0,24 0,33 0,48 1.16 
Cement 13,0 J6,0 36 30 1,22 0,54 1.20 0,41 0,46 0,51 1,07 

Cement clinker g 15,0 18,0 47 40 1,20 0,38 1,31 0,46 0,56 0,62 1,07 

Coal 0 7,0 10,0 36 31 1,16 0.52 LIS 0,44 0,49 I 0,59 1,12 
Coal, powdered 0 6,0 8,0 34 27 1,26 0,58 1,20 0,41 0,51 ! 0,56 1,07 
Coke 6,5 8,0 36 31 1,16 0,52 1,1 ) 0,49 0,54 0,59 1,12 
Flyash 8,0 15,0 41 35 1,16 0,46 1.20 0,51 0,62 0,72 1,07 
Flour 0 6,5 7,0 45 42 1,06 0,36 I,ll 0,24 0,33 0,48 1,16 
Iron ore pellets 19,0 22,0 36 31 1,16 0,52 1,15 0,49 0,54 0,59 1,12 
Lime, hydrated 6,0 8,0 34 27 1,26 0,58 1,20 0,36 0,41 0,51 1,07 
Limestone powder 11,0 13,0 36 30 1,22 0,54 1,20 0,41 O,SI 0,56 1,07 
Maize 0 7,0 8,0 35 31 1,14 0,53 1,14 0,22 0,36 0,53 1,24 
Phosphate 16,0 22,0 34 29 1,18 0,56 1,15 0,39 0,49 0,54 1,12 
Potatoes 6,0 8,0 34 30 1,12 0,54 I,ll 0,33 0,38 0,48 1,16 
Sand 14,0 ]6,0 39 36 1,09 0,45 1,11 0,38 0,48 0,57 1,16 
Slag clinkers 10,5 12,0 39 36 1,09 0,45 I,ll 0,48 0,57 0,67 L16 
Soya beans 7,0 8,0 29 25 1,16 0,63 I,ll 0,24 0,38 0,48 1,16 
Sugar 0 8,0 9,S 38 32 1,19 0,50 1,20 0,46 0,51 0,56 1,07 
Sugarbeet pellets 6.5 7,0 36 31 1.16 0,52 I,1S O,3S 0,44 0,54 1,12 
Wheat (j 7,5 9,0 34 30 1,12 0,54 I,ll 0,24 0,38 0,57 1,16 

NOTE Where this table does not contain the material to be stored, testing should be undertaken. 

Patch load 

solid 
reference 

factor 

Cop 

1,0 

0,4 
0.5 
1,0 
0,7 
0,5 
0,5 
0,7 

0.6 
0,5 
0,6 
0,5 
0,6 
0,5 
0,6 
0,5 

I 
0,9 
0,5 
{),5 
0,4 
0,6 
0,5 
0,4 
0,5 
0.5 

a 
For situations where it is difficult to justify the cost of testing, because the cost implications of using a wide property range for the 
design are minor, the propelties of the "default material" may be used. For small installations, these propeliies may be adequate. 
However, they will lead LO very uneconomic designs for silos, and testing should always be preferred. 

b The unit weight of the solid Yu is the upper characteristic value, to be used for all calculations of actions. The lower characteristic 

value Ye is provided in Table E.I to assist in estimating the required volume of a silo that will have a defined capacity. 
c Effective wall fdclioH for wall Type D4 (corrugated wall) may be found using the method defined in Annex D, 0.2. 
d Solids in this table that are known to be susceptible to dust explosion are identified by the symbol 0 

" Solids that are susceptible to mechanical interlocking are identi fied by the symbol ~ 
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Annex F 
(lnformati ve) 

Flow pattern determination 

F.l Mass and funnel flow 

(J) Determination of the flow pattern for the functional design of the silo is outside the scope of lhis standard. 
However, the information in Figure F.l is given to alert the designer to the possibility that mass flow pressures 
may occur in the silo. This information is aJso needed when the alternative hopper design method of Annex G is 
used. 

100 

a) Conical hoppers 

Key 

Funnel flow 
2 Mass flow 
3 Mass flow or funnel tlow may occur between these limits 

J3 Hopper apex half angle (degrees) 

Jlh Hopper wall friction coefficient 

b) Wed pers 

NOTE: In the zone between the limits of mass flow and funnel flow, the mode of 1l0w depends on parameters not 
included in this standard. 

Figure F.l: The conditions under which mass flow or funnel flow occur in 
conical and wedge-shaped hoppers 
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G.I General 

Annex G 
(Normative) 

Alternative rules for pressures in hoppers 

(I) This annex gives two alternative methods of assessing the pressures in hoppers. 

(2) The method defined in G.3 to G.9 may be used to define hopper pressures under both fi1Jing and discharge 
conditions. However, it should be noted that the integrated pressures do nol correspond to the weight of the 
stored solid, so these expressions should be treated with caution. 

(3) The expressions given in G.lD may alternatively be used in conjunction with those of 6.3 to define the 
discharge pressures in steep hoppers. 

Ga2 Notation 

~ inclined distance from hopper apex to the transition (see Figure G.l) 

Pn pressure normal to inclined hopper wall 

Pni components of pressure normal to inclined hopper (i 1, 2 and 3) 

Ps kick pressure at transition 

G.3 Definitions 

G.3.1 
kick load 
a local load that can occur at the transition during discharge from a mass flow silo 

G.4 Design situations 

(I) The hopper should be designed for filling and discharge conditions. 

(2) The expected flow mode for the hopper should be determined using Figure F.l. 

(3) Where a silo may flow in either mass flow or funnel flow, the design should account for both possible flow 
modes. 

G.S Evaluation of the bottom load multiplier Cb 

(1) For silos other than those identified in below, the bottom load magnifier should be determined as: 

... (G.}) 

(2) Where there is a significant probability that the stored solid can develop dynamic loading conditions 
(3)), higher loads are applied to the hopper or silo bottom, the bottom load magnitler should be taken as: 

... (G.2) 

Situations under which the conditions of may be deemed to occur include: 
where a siJo with a slender vertical walled section is used to store solids that cannot be classed as of low 
cohesion (see} 

where the stored solid is identified as susceptible to mechanical interlocking (e.g. cement clinker). 
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NOTE: The evaluation of the cohesion c of a solid is given in C.9. The cohesion is classed as low if, following 
consolidation to a normal stress level O"r' the assessed cohesion c does not exceed c1q. 0,04 (see 1.5.23). 

G.6 Filling pressures on flat and nearly-flat bottoms 

(1) Vertical loads acting on flat or nearly-flat silo bottoms (inclinations ex ~ 20°) should be calculated using: 

... (G.3) 

where: 

Pvf is calculated Expression or (5.79) at the relevant depth below the equivalent surface; 

Cb is the bottom load magnifier. 

G.7 Filling pressures in hoppers 

(1) When the inclination of the hopper wa]] to the horizontal is greater than 20° 

normal to the inclined hopper wall Pn at any level should be calculated as follows: 
Figure ]. 1 b) the pressure 

X 
Pn Pn:. + Pn2 + (Pnl - Pn2)~ ... (GA) 

in which: 

where: 
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... (G.5) 

... (G.6) 

.:1.!£ 2 
Pn3 = 3,0 U A r. cos ~ 

\J ~h 
... (G.7) 

fJ is the slope of the hopper to the vertical (see Figure G.I); 

x is a length between 0 and lh Figure G.l); 

Pn I and Pn2 define the hopper pressures due to the stored material vertical pressure at the transition; 

Pn:. is the hopper pressure due to solid within the hopper; 

Cb is the bottom load magnifier; 

Pvft is the vertical pressure Pvf acting at the transition level after filling, calculated using Expression 

(5.3) or (5.79) as appropriate; 

Jih is the characteristic value of wall friction coefficient in the hopper (lower characteristic value); 

K is the characteristic value of the lateral pressure ratio in the vertical walled segment; 

A plan cross-sectional area of vertical walled segment; 

U internal perimeter of the plan cross-section of the vertical walled se~~m(!nt. 
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(2) The value of the wall frictional pressure Pp is given by: 

Pt = Pn flh ... (G.S) 

where: 

Pn is calculated fi'om Expression (GA). 

(3) When evaluating the pressures according to Expressions G.5, G.6 and G.7, the same characteristic value of 
K should be used. Both the upper and lower characteristic values should be considered. 

NOTE: Because the lower characteristic value of K produces the highest value of p\1t, but the upper characteristic 

value of K produces the highest value of Pn3, it is not possible to make general statements about which characteristic 
value will induce the worst loading case for the hopper. Both characteristic values should be examined. 

r-... --...,---·--·_· ......... ""', 

Pn1 

Figure G.1: Alternative rule for hopper loads 

G.8 Discharge pressures on flat or nearly-flat bottoms 

(I) For flat or nearly-nat silo bottoms (inclinations ex ~ 20°), the discharge load may be calculated using the 
guidance for filling loads (see G.6). 

G.9 Discharge pressures on hoppers 

(1) For funnel flow silos, the discharge loads on hoppers may be calculated using the guidance for filling loads 
(see G.7). 

(2) For mass flow silos, an additional fixed normal pressure, the kick load Ps (see Figure G.]) is applied, over 

an inclined distance of 0,2dc down the hopper wall and all around the perimeter: 

where: 

Ps = 2 KPvft (G.9) 

Pvft is the vertical pressure acting at the transition after filling calculated using Expression (5.3) or 

(5.79) as appropriate. 

G.10 Alternative expression for the discharge hopper pressure ratio Fe 

(1) Under discharge conditions, the mean vertical stress in the stored soJid at any level in a steep hopper may 
be determined using Expressions (6.7) and (6.S), with the alternative value of the parameter F given by: 
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... (G.IO) 

... (G.] 1) 

12) 

where: 

Jlh is the lower characteristic value of wall friction coefficient in the hopper; 

(A is the angle of internal friction of the stored solid. 

NOTE: Where this of pressures is adopted, Expression (G. 1 0) should be used in place of Expression 
(6.21). This expression for is based on the more complete theory of Enstad for pressures. 
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H.I General 

AnnexH 
(Infofmati ve) 

Actions due to dust explosions 

(1) This annex gives advice on appropriate design for actions due to dust explosion. 

H.2 Scope 

EN 1991-4:2006 (E) 

(1) This annex is valid for all silos and similar vessels, where combustible or/and explosive non-toxic dusts 
are stored, produced, handled or discharged in significant quantities. 

Where the possibility of dust explosions can be exeluded with certainty as a result of special precautions 
taken in the design of the plant, the provisions of this annex need not be considered. 

(3) Where the possibility of dust explosions in existing plants is being assessed, this annex may also be used. 
In such cases, the actual conditions, rather than the design conditions, should be considered. Where doubt exists, 
experts should be consulted. 

H.3 Notation 

Pmax maximum overpressure 

Pred reduced maximum explosion pressure. 

Pu initial release pressure. 

H.4 Explosive dusts and relevant properties 

(1) Many different types of stored solids produce dust that can be explosive. Dust explosions are possible in 
both organie and inorganic when the particles are fine enough, distributed homogeneously in the air, and 
can react with oxygen to produce a continuous exothermic reaction. 

(2) During an explosion in the types of solids normally stored in silos, pressures of about 8 to lObar can be 
attained in a closed space without venting. 

The key design parameters for dust explosions are: 
the dust value KST; 

the maximum overpressure Pmax ' 

(4) The dust value may be determined from the rate of pressure rise (dp/dt). 

(5) The design should follow the procedures defined in EN 26184-1. 

(6) The most important types of explosive dusts are: cellulose, fertilizer, pea flour, animal feed, rubber, grain, 
wood, wood dust, coal lignite, synthetic materials, ground com, maize starch, malt, rye l1our, wheat nour, milk 
powder, paper, pigment, soya flour, cleaning products, sugar. 

H.S Ignition sources 

(1) Normally, a small energy source is sufficient to ignite an explosion in the above types of dust. Typical 
ignition sources in silos or neighbouring rooms and installations include: 

hot surfaces, generated through friction caused by a defect in machinery; 

sparks from welding, grinding and cutting during repair work; 

glowing cinders, carried into the silo with the bulk material; 
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sparks from foreign bodies; 

unsuitable or defective electrical products (for example light fixtures); 

heaL development during drying processes; and 

sel f ignition by e1ectrical static discharge. 

H.6 Protecting precautions 

(I) The damage due to an explosion is minimized by containing the explosion within the space where it 
originates. It should be prevented from spreading to other parts of the installation. The overpressure of the 
explosion should also be minimized. 

(2) The consequences of the explosion can be limited by taking appropriate preventive measures during the 
planning stages of the project (e.g. incorporating explosion barriers in a manner similar to fire walls). 

The individual plant sections between batTiers should, in principle, be designed for one of the following two 
conditions: 

where no venting is used, capable of resisting the maximum explosion pressure Pmax' or 

where appropriate venting is used, capable of resisting a reduced design pressure Pred' 

The value of the reduced design pressure Pn:d depends on the type of dust, the dimensions of the space to 

be vented, the venting area, the initial release pressure Pa and the inertia of the venting system. 

(5) Design for the consequences of an explosion should consider the effects of the flash of fire leaving a 
venting out1et. This fire should neither cause any impairment of the surroundings nor initiate an explosion in an 
adjacent section. 

(6) The design should consider limitation of the danger to persons from fragments of glass or other structural 
elements. Where possible, vent openings should lead directly into open spaces through planned venting outlets 
that reduce the explosion pressure. In single silos, this may be achieved by use of a vented roof. In the case of 
nested silos, stairwells or windows high above ground level may be used. 

(7) The venling system should be initiated at a low pressure and should have a low inertia. 

(8) The possibility should be considered that a rapid initiation of the venting system under a low pressure may 
cause a larger amount of dust-air mixture to be released. Under such circumstances, consideration should be 
given to use of a system with greater inertia. 

H.7 Design of structural elements 

(1) The design pressure of the explosion should be treated as an accidental load on all structural elements. 

H.8 Design pressure 

(1) All load bearing structural elements and all elements used for the purpose of explosion barriers should be 
designed to withstand the dust explosion design pressure. 

H.9 Design for underpressure 

(1) The inertia forces arising from a rapid discharge of gas, followed by cooling of the hot fumes should be 
considered in the design. These effects are associated with the explosion and can result in an underpressure that 
should be considered in the design. 
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H.10 Design of venting devices 

(1) All relevant parts of venting devices should be secured against detachment as a consequence of the 
explosion pressure waves explosion relief doors should be fixed at joints; caps should be fastened by ropes 
or similar fixings). 

NOTE: The design may follow the procedures described in DIN Report 140 "Design of silos for dust explosion" 
published in January 2005 by Beuth-Verlag. 

H.11 Reaction forces by venting 

(1) When venting is used, the reaction forces must be considered in the design of support systems. These are 
especially important in lightweight structures with horizontal venting areas and in any venting arrangement that 
is unsymmetrical in the silo cross section. 

NOTE: The may follow the procedures described in DIN Report 140 "Design of si los for dust explosion" 
published in 1anuary 2005 by Beuth-Verlag. 
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