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This document EN 1996-1-1 has been prepared by Technical Comnlittee CEN/TC 250 "Structural 
Eurocodes", the secretariat of which is held by BSL 

This European Standard shal1 be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by May 2006, and conflicting national standards shall 
be withdrawn at the latest by March 2010. 

CEN/TC 250 is responsible for all Stluctural Eurocodes. 

This document supersedes ENV 1996-1-1: 1995 and ENV 1996-1-3: 1998. 

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, Dennlark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxenlbourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, 
Slovenia, Spain, Sweden, Switzerland and the United Kingdom. 

Background to the Eurocode programme 

In 1975, the Conmlission of the European C01111nunity decided on an action programme in the field 
of construction, based 011 Article 95 of the Treaty. The objective of the progranlnle was the 
elimination of technical obstacles to trade and the harmonisation of technical specifications. 

Within this action programme, the Comnlission took the initiative to establish a set of harnl0nised 
technical rules for the design of construction works which, in a first stage, would serve as an 
alternative to the national nIles in force in the Member States and, ultimately, would replace thenl. 

For fifteen years, the Comlnission, with the help of a Steering Committee with Representatives of 
Member States, conducted the development of the Eurocodes progranlme, 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 EFT A decided, on the basis of an 
agreementl) 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 89/1 06/EEC on constluction products - CPD - and Council Directives 93/37 IEEC, 
92/50lEEC and 89/440/EEC on public works and services and equivalent EFTA Directives initiated 
in pursuit of setting up the internal market). 

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 (BCICEN/03/89). 

7 
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The Structural Eurocode programme cOlnpnses the following standards generally consisting of a 
n Ulnber 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. 

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 ED and EFTA recognise that Eurocodes serve as reference docun1ents 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 harn10nised technical specifications for construction products 
(ENs and ETAs). 

The Eurocodes, as far as they concern the construction works themselves, have a direct re1ationship 
with the Interpretative Documents2) refened to in Article 12 of the CPD, although they are of a 
different nature fronl harmonised product standards3). Therefore, technical aspects arising from the 

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 behveen the essential requirements and the mandates for harmonised ENs and ET AGs/ET As. 

3) According to Alticle 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 

8 
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Eurocodes work need to be adequately considered by CEN Technical Committees and/or EOT A 
Working Groups working on product standards with a view to achieving full cOlupatibility 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 COlupnse the full text of the 
Eurocode (including any annexes), as published by which may be preceded by a National title 
page and National foreword, and may be followed by aN ational Annex (informative). 

The National Annex may only contain information on those parmueters which are left open in the 
Eurocode for national choice, known as Nationally Deternlined 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), snow map, 

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

and it nlay 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, all the information accompanying the CE 
Marking of the construction products, which refer to Eurocodes, shall clearly mention which 
Nationally Detenuined Parameters have been taken into account. 

This European Standard is Part of 1996 which comprises the following Parts: 

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, defacto, playa similar role in the field of the ER 1 and a part ofER 2. 

4) see Al1icle 3.3 and Article 12 of the CPD, as well as clauses 4.2, 4.3.1,4.3.2 and 5.2 ofID 1. 
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Part 1-1: General - Rules for reinforced and unreinforced masonry structures 

NOTE This Part combines ENV 1996-1-1 and ENV 1996-1-3. 

Part 1-2: General rules Structural fire design. 

Part 2: Design considerations, selection of materia Is and execution o.fmasonry. 

Part 3: Simpltlied calculation method'l for unreinforced masonry structures 

EN 1996-1-1 describes the Principles and requirements for safety, serviceability and durability of 
masonry structures. It is based on the limit state concept used in conjunction with a partial factor 
nlethod. 

For the design of new structures, EN 1996-1-1 is intended to be used, for direct application, together 
with ENs 1990, 1991, 1992, 1993, 1994, 1995, 1997, 1998 and 1999. 

EN 1996-1-1 is intended for use by: 

committees drafting standards for structural design and related products, testing and execution 
standards; 

clients (e. g. for the formulation of their specific requirements on reliability levels and 
durability); 

designers and contractors; 

relevant authorities. 

National Annex for EN 1996-1-1 

This standard gives some symbols and some alternative methods for which a National value or 
choice needs to be given; notes under the relevant clauses indicate where national choices nlay have 
to be nlade. The National Standard implenlenting EN 1996-1-1 in a particular country should have a 
National Annex containing all Nationally Detelmined Paralneters to be used for the design of 
buildings and civil engineering \,yorks to be constructed in that country. 

National choice is allo\ved in EN 1996-1-1 through clauses: 

2.4.3( 1)P Ultimate linlit states; 

2.4.4(1) Serviceability litnit states; 

3.2.2(1) Specification of masonry mortar; 

3.6.1.2(1) Characteristic compressive strength ofnlasonry other than shell bedded; 

3.6.2(3), (4) and (6) Characteristic shear strength of masonry; 

3.6.3(3) Characteristic flexural strength of masonry; 

10 



3.7.2(2) Modulus of elasticity; 

3.7.4(2) Creep, moisture expansion or shrinkage and thermal expansion; 

4.3.3(3) and (4) Reinforcing steel; 

5.5.1.3(3) Effective thickness of masonry walls; 

6.1.2.2(2) Slenderness ratio Ac below which creep may be ignored; 

8.1.2 (2) Minimum thickness ofwal1; 

8.5.2.2(2) Cavity and veneer walls; 

8.5.2.3(2) Double-Ieafwalls. 

8.6.2 (l) Vertical chases and recesses; 

8.6.3 (l) Horizontal and inclined chases 

Section 1 General 

1.1 Scope 

1.1.1 Scope of Eurocode 6 

BS EN 1996-1-1 :2005 
EN 1996-1-1 :2005 (E) 

(l)P Eurocode 6 applies to the design of buildings and civil engineering works, or parts thereof, in 
unreinforced, reinforced, prestressed and confined masonry. 

(2)P Eurocode 6 deals only with the requirements for resistance, serviceability and durabi1ity of 
structures. Other requirements, for example, concerning thernlal or sound insulation, are not 
considered. 

(3)P Execution is covered to the extent that is necessary to indicate the quality of the construction 
materials and products that should be used and the standard of workmanship on site needed to 
comply with the assumptions made in the design rules. 

(4)P Eurocode 6 does not cover the special requirements of seisnlic design. Provisions related to such 
requiretnents are given in Eurocode 8 which complements, and is consistent with Eurocode 6. 

(5)P Nunlerical values of the actions on buildings and civi1 engineering works to be taken into 
account in the design are not given in Eurocode 6. They are provided in Eurocode I. 

1.1.2 Scope of Part 1-1 of Eurocode 6 

(I)P The basis for the design of buildings and civil engineering works in masonry is given in this 
Part I-I of Eurocode 6, which deals with unreinforced masonry and reinforced tnasonry where the 
reinforcement is added to provide ductility, strength or improve serviceability. The princip1es of the 
design of prestressed masonry and confined nlasonry are given, but application ru1es are not provided. 
This Part is not valid for masonry with a plan area of less than 0,04 m2 . 
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(2) For those types of structures not covered entirely, for new structural uses for established materials, 
for new Inaterials, or where actions and other influences outside nonnal experience have to be 
resisted, the principles and application rules given in this EN may be applicable, but may need to be 
supplemented. 

(3) Part 1 1 gives detailed rules which are mainly applicable to ordinary buildings. The applicability 
of these rules nlay be linlited, for practical reasons or due to simplifications; any limits of 
applicability are given in the text where necessary. 

(4)P The following subjects are dealt with in Part 1-1: 

section 1 : General; 

section 2 : Basis of design; 

section 3 : Materials; 

section 4 : Durability; 

section 5 : Structural analysis; 

section 6 : Ultilnate Limit State; 

section 7 : Serviceability Limit State; 

section 8 : Detailing; 

section 9 : Execution; 

(5)P Part 1-1 does not cover: 

resistance to fire (which is dealt \vith in EN 1996-1-2); 

particular aspects of special types of building (for exanlple, dynamic effects on tall buildings); 

particular aspects of special types of civil engineering works (such as masonry bridges, dams, 
chinlneys or liquid-retaining structures); 

particular aspects of special types of structures (such as arches or dOInes); 

masonry where gypsum, with or without cement, mortars are used; 

nlasonry where the units are not laid in a regular pattern of courses (rubble masonry); 

masonry reinforced with other materials than steel. 

~ Subclause deleted @] 
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1.2 Normative references 

1.2.1 General 

(l)P This European standard incorporates by dated or undated reference, prOVISIons fronl 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 refelTed to applies 
(including amendments). 

1.2.2 Reference standards 

The following standards are referenced in this EN 1996-1-1: 

EN 206-1, Concrete -Part 1: Specification, performance, production and conformity; 

EN 771-1, Specification for masonlY units -Part 1: Clay masonry units; 

EN 771-2, Specificationfor masonry units -Part 2: Calcium silicate masonry units; 

EN 771-3, Specification for masonry units - Part 3: Aggregate concrete masonry units (Dense 
and light-weight aggregates); 

771-4, Spec~fication for masonry units 
units; 

Part 4: Autoclaved aerated concrete masonry 

EN 771-5, Specificationfor masonry units -Part 5: Manufactured stone masonry units; 

EN 771-6, Spec~ficationfor masonry units -Part 6: Natural stone masonry unit .. ,'; 

EN 772-1, Methods oftestfor masonry units -Part 1: Determination ofcompres,s'ive strength; 

EN 845-1, Specification for ancillary components for masonry 
hangers and brackets; 

Part 1: Ties, tension straps, 

845-2, Spec!fication for ancilialY components for masonry -Part 2: Lintels; 

EN 845-3, Spec!fication for ancillary components for masonry 
reinforcement of steel meshwork; 

Part 3: Bed joint 

EN 846-2, Methods of test for ancillwy components for masomy Part 2: Determination of 
bond strength of prefabricated bedjoint reinforcement in mortar joints; 

EN 998-1, Spec!fication for mortarfor masonlY 1: Rendering and plastering mortar; 

EN 998-2, Specification for mortar for masonry -Part 2: Masonry mortar; 
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EN lOIS-II, Methods of test for mortarfor masonry Part 11: Determination o.!flexural and 
compressive strength a.! hardened mortar; 

EN 1 OS2-1, Methods a.! testfor 111asonlY -Part 1: Determination of compressive strength; 

10S2-2, Methods a.! test for masonlY -Part 2: Determination of flexural strength; 

EN 10S2-3, Methods o.!testfor masonry -Part 3: Determination ofinitial shear strength; 

EN 10S2-4, Methods a.! test for masonry Part 4: Determination of shear strength including 
damp proo.! course; 

EN 10S2-S, Methods a.! test for masonlY - Part 5: Determination a.! bond strength by bond 
wrench method; 

1990, Basis a.! structural design; 

EN 1991, A CtiOI1S on structures; 

EN 1992, Design of concrete structures; 

EN 1993, Design o.!steel structures; 

EN 1994, Design a.! composite steel and concrete structures; 

EN 1995, Design o.!timber structures; 

1996-2, Design, selection of materials and execution a.! masonlY; 

EN 1997, Geotechnical design; 

EN 1999, Design a.! aluminium structures; 

EN 10080, Steelfor the reinforcement of concrete - Weldable reinforcing steel; 

prEN 10138, Prestressing steels; 

prEN 10348, Steel})r the reinforcement a.! concrete Galvanized reinforcing steel. @J] 

1.3 Assumptions 

(1)P The assumptions given in 1.3 of 1990:2002 apply to this 1996-1-1. 

1.4 Distinction between principles and application rules 

(1)P The rules in 1 A of 1990:2002 apply to this EN 1996-1-1. 

14 



BS EN 1996-1-1 :2005 
EN 1996-1-1 :2005 (E) 

1.5 Terms and Definitions 

1.5.1 General 

(l) The ternlS and definitions given in EN 1990:2002, Clause 1.5, apply to this EN 1996-1-1. 

(2) The ternlS and definitions used in this EN 1996-1-1 are given the meanings contained in clauses 
1.5.2 to 1.5.11, inclusive. 

1.5.2 Terms relating to nlasonry 

1.5.2.1 
masonry 
an assen1blage of n1asonry units laid in a specified pattern and joined together with nl0rtar 

1.5.2.2 
unreinforced masonry 
masonry not containing sufficient reinforceinent so as to be considered as reinforced Inasonry 

1.5.2.3 
reinforced masonry 
masomy in which bars or mesh are embedded in Inortar or concrete so that all the materials act together 
in resisting action effects 

1.5.2.4 
prestressed masonry 
masonry in which internal compreSSIve stresses have been intentional1y induced by tensioned 
reinforcement 

1.5.2.5 
confined masonry 
masonry provided with reinforced concrete or reinforced masonry confining elements in the vertical and 
horizontal direction 

1.5.2.6 
masonry bond 
disposition of units in masonry in a regular pattern to achieve common action 

1.5.3 Terms relating to strength of masonry 

1.5.3.1 
characteristic strength of masonry 
value of the strength of masonry having a prescribed probability of 50/0 of not being attained in a 
hypothetically unlimited test series. This value generally corresponds to a specified fractile of the 
assumed statistical distribution of the particular property of the nlaterial or product in a test series. A 
nominal value is used as the characteristic value in some circumstances 

1.5.3.2 
compressive strength of masonry 
the strength of masomy in compression without the effects of platen restraint, slendenless or eccentricity 
of loading 
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1.5.3.3 
shear strength of masonry 

~the strength of masonry in shear subjected to shear forces@j] 

1.5.3.4 
flexural strength of masonry 
the strength of masonry in bending 

1.5.3.5 
anchorage bond strength 
the bond strength, per unit surface area, between reinforcelnent and concrete or mortar, when the 
reinforcement is subjected to tensile or compressive forces 

1.5.3.6 
adhesion 
the effect of mortar developing a tensile and shear resistance at the contact surface of masonry units 

1.5.4 Terms relating to masonry units 

1.5.4.1 
masonry unit 
a preformed conlponent, intended for use in masonry construction 

1.5.4.2 
groups 1, 2,3 and 4 masonry units 
group designations for nlasoru), units, according to the percentage 
units when laid 

1.5.4.3 
bed face 
the top or bottom surface of a masonry unit when laid as intended 

1.5.4.4 
frog 

and orientation of holes in the 

a depression, fonned during manufacture, in one or both bed faces of a masonry unit 

1.5.4.5 
hole 
a formed void which nlay or may not pass completely through a masonry unit 

1.5.4.6 
griphole 
a fOlTIled void in a nlasonry unit to enable it to be more readily grasped and lifted with one or both hands 
or by machine 

1.5.4.7 
web 
the solid material between the holes in a masoru)' unit 
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1.5.4.8 
shell 
the peripheral n1aterial between a hole and the face of a masonry unit 

1.5.4.9 
gross area 
the area of a cross-section through the unit without reduction for the area of holes, voids and re-entrants 

1.5.4.10 
compressive strength of masonry units 
the mean con1pressive strength of a specified number of masomy units (see EN 771-1 to EN 771-6) 

1.5.4.11 
normalized compressive strength of masonry units 
the compressive strength of n1asonry units converted to the air dried compressive strength of an 
equivalent 100 mm wide x 100 n1n1 high masonry unit (see EN 771-1 to EN 771-6) 

1.5.5 Terms relating to mortar 

1.5.5.1 
masonry mortar 
ll1ixture of one or more inorganic binders, aggregates and water, and sometin1es additions and/or 
adlnixtures, for bedding, jointing and pointing of masonry 

1.5.5.2 
general purpose masonry mortar 
masonlY 1110rtar without special characteristics 

1.5.5.3 
thin layer masonry mortar 
designed masomy 11101iar with a Inaxinlum aggregate size less than or equal to a prescribed figure 

NOTE see note in 3.6.1.2 (2) 

1.5.5.4 
lightweight masonry mortar 

~ designed masonry mortar with a dry hardened density equal to or below 1300 kg/In3 according to 
EN 998-2 @iI 

1.5.5.5 
designed masonry mortar 
a mOliar whose composition and manufacturing method IS chosen In order to achieve specified 
propeliies (performance concept) 

1.5.5.6 
prescribed masonry mortar 
mortar made in predetermined proportions, the properties of which are assumed from the stated 
proportions of the constituents (recipe concept) 

1.5.5.7 
factory made masonry mortar 
mortar batched and mixed in a factory 
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1.5.5.8 
semi-finished factory made masonry mortar 
prebatched masonry mortar or a premixed lime and sand nlasonry nlortar 

1.5.5.9 
prebatched masonry mortar 
mortar whose constituents are wholly batched in a factory, supplied to the building site and mixed there 
according to the manufacturers' specification and conditions 

1.5.5.10 
premixed lime and sand masonry mortar 
mortar whose constituents are wholly batched and mixed in a factOlY, supplied to the building site, 
where further constituents specified or provided by the factory are added (e. g. cement) and mixed with 
the lime and sand 

1.5.5.11 
site-made nlortar 
a mortar composed of individual constituents batched and mixed on the building site 

1.5.5.12 
compressive strength of mortar 
the nlean conlpressive strength of a specified number of mOliar specimens after curing for 28 days 

1.5.6 Terms relating to concrete infill 

1.5.6.1 
concrete infill 
a concrete used to fill pre-fornled cavities or voids in masonry 

1.5.7 Terms relating to reinforcement 

1.5.7.1 
reinforcing steel 
steel reinforcenlent for use in Inasonry 

1.5.7.2 
bed joint reinforcement 
reinforcing steel that is prefabricated for building into a bed joint 

1.5.7.3 
prestressing steel 
steel wires, bars or strands for use in nlasonry 

1.5.8 Terms relating to ancillary components 

1.5.8.1 
damp proof course 
a layer of sheeting, masonry units or other material used in masonry to resist the passage of water 

18 
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a device for connecting one leaf of a cavity wall across a cavity to another leaf or to a framed structure 
or backing wall 

1.5.8.3 
strap 
a device for connecting masonry n1embers to other adjacent components, such as floors and roofs 

1.5.9 Terms relating to mortar joints 

1.5.9.1 
bed joint 
a mortar layer between the bed faces of tnasonry units 

1.5.9.2 
perpend joint (head joint) 
a mortar joint perpendicular to the bed joint and to the face of wall 

1.5.9.3 
longitudinal joint 
a vertical m01iar joint within the thickness of a wall, parallel to the face of the wall 

1.5.9.4 
thin layer joint 
a joint made with thin layer lnortar 

1.5.9.5 
jointing 
the process of finishing a mortar joint as the work proceeds 

1.5.9.6 
pointing 
the process of filling and finishing mortar joints where the surface of the joint has been raked out or left 
open for pointing 

1.5.10 Terms relating to wall types 

1.5.10.1 
load-bearing wall 
a wall prin1arily designed to carry an i1nposed load in addition to its own weight 

1.5.10.2 
single-leaf wall 
a wall without a cavity or continuous vertical joint in its plane 

1.5.10.3 
cavity wall 
a wall consisting of two parallel single-leaf walls, effectively tied together with wall ties or bed joint 
reinforcelnent. The space between the leaves is left as a continuous cavity or filled or partially filled 
with non-loadbearing thermal insulating material 
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NOTE A wall consisting of two leaves separated by a cavity, where one of the leaves is not contributing to the 
strength or stiffness of the other (possibly loadbearing) leaf, is to be regarded as a veneer wall. 

1.5.10.4 
double-leaf wall 
a wall consisting of two parallel leaves with the longitudinal joint between filled solidly with mortar and 
securely tied together with wall ties so as to result in common action under load 

1.5.10.5 
grouted cavity wall 
a wall consisting of two parallel leaves with the cavity filled with concrete or grout and securely tied 
together with wall ties or bed joint reinforcement so as to result in common action under load 

1.5.10.6 
faced wall 
a wall with facing units bonded to backing units so as to result in common action under load 

1.5.10.7 
shell bedded wall 
a wall in which the lnasonry units are bedded 011 two or l1lore strips of nlortar two of which are at the 
outside edges of the bed face of the units 

1.5.10.8 
veneer wall 
a wan used as a facing but not bonded or contributing to the strength of the backing wall or franled 
structure 

1.5.10.9 
shear wall 
a wa]] to resist lateral forces in its plane 

1.5.10.10 
stiffening wall 
a wall set perpendicular to another wall to give it support against lateral forces or to resist buckling and 
so to provide stability to the building 

1.5.10.11 
non-Ioadbearing wall 
a wall not considered to resist forces such that it can be removed without prejudicing the remaining 
integrity of the sbucture 

1.5.11 Miscellaneous terms 

1.5.11.1 
chase 
channe1 fomled in masonry 

1.5.11.2 
recess 
indentation fOll11ed in the face of a wall 
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1.5.11.3 
grout 
a pourable n1ixture of cement, sand and water for filling small voids or spaces 

1.5.11.4 
nlovenlent joint 
a joint permitting free movement in the plane of the wall 

1.6 Symbols 

(l) Material-independent symbols are given in 1.6 of EN 1990. 

(2) Material-dependent sYlnbols used in this EN 1996-1-1 are: 

Latin letters 

a l distance from the end of a wall to the nearest edge of a loaded area; 

ax distance from the face of a support to the cross-section being considered; 

A loaded horizontal gross cross-sectional area of a wall; 

Acf effective area of bearing; 

cross-sectional area of steel reinforcen1ent; 

area of shear reinforcement; 

b width of a section; 

width of the con1pression face midway between restraints; 

effective width of a flanged member; 

effective width of a L-shaped flanged melnber; 

effective width of aT-shaped flanged member;@1] 

nominal concrete cover; 

d effective depth of a beam; 

deflection of an arch under the design lateral load; 

largest dimension of the cross section ofa core in the direction of bending; 

additional eccentricity; 

eccentricity at the top or bottom of a wall, resulting from horizontal loads; 
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ehm eccentricity at the middle of a wall, resulting from horizontal loads; 

ej eccentricity at the top or the bottonl of a wall; 

initial eccentricity; 

eccentricity due to creep; 

eccentricity due to loads; 

eccentricity at the middle of the wall; 

E short term secant modulus of elasticity of masonry; 

design value of the load applied to a reinforced masonry member; @il 

long telm modulus of elasticity of masonry; 

modulus of elasticity of member n; 

A nonnalised mean conlpressive strength of a masonry unit; 

.tbad design anchorage strength of reinforcing steel; 

.fbok characteristic anchorage strength; 

characteristic compressive strength of concrete infill; 

.t~vk characteristic shear strength of concrete infill; 

./~ design compressive strength of lnasonry in the direction being considered; 

A characteristic cOll1pressive strength of nlasonry; 

'/;11 conlpressive strength of masonry nl0rtar; 

I' design shear strenooth of masonry; ./vd 

fvk characteristic shear strength of masonry; 

characteristic initial shear strength of masonry, under zero compressive stress; 

fvlt limit to the value offvk; 

.f~d design flexural strength appropriate to the plane of bending; 

.!xd I design flexural strength of nlasonry having the plane of failure parallel to the bed 
joints; 

.!xd I,app apparent design flexural strength of masonry having the plane of failure parallel to the 

bed joints; 
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.fxkl characteristic flexural strength of masonry having I§) the plane of failure @j] parallel 

to the bed joints; 

.fxd2 design flexural strength of masonry having the plane of failure perpendicular to the 

bed joints; 

.fxd2,app 

.fxk2 

g 

G 

h 

h-1 

f. 
J 

k 

K 

apparent design flexural strength of masonry having the plane of failure perpendicular 

to the bed joints; 

characteristic flexural strength of masonry having ~ the plane of failure @il 

perpendicular to the bed joints; 

design strength of reinforcing steel; 

characteristic strength of reinforcing steel 

design compressive or tensile resistance of a wall tie; 

total of the widths of mortar strips; 

shear modulus of masonry; 

clear height of a masonry wall; 

clear height of n1asonry wall, i; 

effective height of a wall; 

total height of a structure, fron1 the top of the foundation, or a wall, or a core; 

height of a wall to the level of the load; 

second moment of area of member,} ; 

ratio of the lateral load capacity of a vertically spanning wall to the lateral load 
capacity of the actual wall area, taking possible edge restraint into account; 

ratio of slab stiffness to wall stiffness 

rotational stiffness of a restraint; 

constant used in the calculation of the compressive strength of masonry; 

length of a wall (between other walls, between a wall and an opening, or between 
openings); 

Ib straight anchorage length; 

Ie length of the compressed part of a wall; 
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lei clear length of an opening 

effective span of a masonry beam; 

(f111 effective length of a bearing at Inid height of a wall; 

Ir clear distance between lateral restraints; 

la the length or the height of the waH between supports capable of resisting an arch 

thrust; 

M,l<1 additional design moment; 

~l design bending mornent at the bottom of a core; 

~ end moment at node i; @j] 

Mid design value of the bending mOlnent at the top or the bottom of the wall; 

~11d design value of the greatest moment at the middle of the height of the wall; 

M Rd design value of the nloment of resistance; 

MEd design value of the moment applied; 

MEdu design value of the moment above a floor; 

MEdf design value of the lnonlent below a floor; 

11 nUlnber of storeys; 

nj stiffness factor of members; 

nt number of wall ties or connectors per m2 of wall; 

ntmin miniInuln number of wall ties or connectors per m2 of wall; 

N sunl of the design vertical actions on a building; 

Nad the nlaxinlunl design arch thrust per unit length of wall; 

Nid design value of the vertical load at the top or botton1 of a wall or column; 

N md design value of the vertical load at the middle of the height of a wall or colunln; 

N Rd design value of the vertical resistance of a masonry wall or column; 

NRdc design value of the vertical concentrated load resistance of a wall; 



NEd design value of the vertical load; 

NEdf design value of the load out of a floor; 

NEdu design value of the load above the floor; 

IE1) Text deleted(gJJ 

design value of a concentrated vertical load; 

qlat,d design lateral strength per unit area of wall; 
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Qd design value of the total vertical load, in the part of a building stabilised by a core; 

r arch rise; 

Rc yield strength of steel; (gJJ 

s spacing of shear reinforcement; 

~Text deleted(gJJ 

t thickness of a wall; 

leh,v nlaxinlUlTI depth of a vertical chase or recess without calculation; 

tch,h maximum depth of a horizontal or inclined chase; 

ti thickness of wall i; 

lmin minimum thickness of a wall; 

tef effective thickness of a wall; 

If thickness of a flange; 

tri thickness of the rib, i; 

design value of a shear load; 

VRd design value of the shear resistance; 

Wi uniformly distributed design load, i; 

WEd design lateral load per unit area; 

x depth to the neutral axis; 

z lever aml; 

25 



BS EN 1996-1-1 :2005 
EN 1996-1-1 :2005 (E) 

26 

Z elastic section modulus of a unit height or length of the wall; 

Greek letters 

a angle of shear reinforcelnent to the axis of the beam; 

at coefficient of thermal expansion of n1asonry ; 

a l ,2 bending moment coefficients; 

f3 enhancen1ent factor for concentrated loads; 

X n1agnification factor for the shear resistance of reinforced "valls; 

5 factor used in the deternlination of the normalised mean compressive strength of 
masonry units; 

CCCfJ final creep strain of masonry; 

ccl elastic strain of masonry; 

Cmu limiting con1pressive strain in masonry; 

Csy yield strain of reinforcenlent; 

¢ effective diameter of the reinforcing steel; 

¢CfJ final creep coefficient of masonry; 

(/J reduction factor; 

(/Jtl reduction factor, taking the influence of the flexural strength into account; 

(/Jj reduction factor at the top or bottom of the wall; 

~11 reduction factor "vithin the middle height of the wall; 

rM partial factor for n1aterials, including uncertainties about geometry and n10delling; 

77 factor for use in calculating the out-of-plane eccentricity of loading on walls; 

/Ly depth of the compressed zone in a beam, when using a rectangular stress block; 

Ac value of the slenderness ratio up to which eccentricities due to creep can be neglected; 

j1 orthogonal ratio of the flexural strengths of masonry; 

~ magnification factor for the rotational stiffness of the restraint of the structural 
elen1ent being considered; 



Pd dry density; 

Pn reduction factor; 

Pt stiffness coefficient; 

~i design compressive stress; 

v angle of inclination to the vertical of the structure. 

Section 2 Basis of design 

2.1 Basic requirements 

2.1.1 General 
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(1)P The design of masonry structures shall be in accordance with the general rules given in EN 1990. 

(2)P Specific provisions for masonry structures are given in this section and shall be applied. 

(3) The basic requirements of EN 1990 Section 2 are deemed to be satisfied for masonry structures 
when the following are applied: 

limit state design in conjunction with the partial factor l11ethod described in EN 1990; 

actions given in EN 1991; 

combination rules given in EN 1990; 

the principles and rules of application given in this EN 1996-1-1. 

2.1.2 Reliability 

(l)P The reliability required for masonry structures will be obtained by carrying out design according 
to this EN 1996-1-1. 

2.1.3 Design working life and durability 

(1) For the consideration of durability reference should be made to Section 4. 

2.2 Principles of limit state design 

(l)P Limit states may concern only the masonry, or such other materials as are used for parts of the 
structure, for which reference shall be made to relevant Parts of EN 1992, EN 1993, EN 1994, 
EN 1995 and EN 1999. 

(2)P For masonry structures, the ultimate limit state and serviceability lin1it state shal1 be considered 
for all aspects of the structure including ancillary components in the masonry. 
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(3)P For Inasonry structures, all relevant design solutions including relevant stages in the sequence of 
construction shaH be considered. 

2.3 Basic variables 

2.3.1 Actions 

(I)P Actions shall be obtained from the relevant Parts of EN 1991. 

2.3.2 Design values of actions 

(l)P Partial factors for actions ~ shall @iI be obtained from EN 1990. 

(2) Partial factors for creep and shrinkage of concrete elements in masonry structures should be 
obtained from EN 1992-1 1. 

(3) For serviceability limit states, imposed deformations should be introduced as estimated (mean) 
values. 

2.3.3 Material and product properties 

(1) Properties of materials and construction products and geometrical data to be used for design 
should be those specified in the relevant ENs, hENs or ETAs, unless otherwise indicated in this 
EN 1996-1- 1. 

2.4 Verification by the partial factor method 

2.4.1 Design values of material properties 

(1)P The design value for a nlaterial property is obtained by dividing its characteristic value by the 
relevant partial factor for materials, rM' 

2.4.2 Combination of actions 

(1)P Combination of actions shall be in accordance with the general rules given in EN 1990. 

NOTE] In residential and office structures, it will usually be possible to simplify the load cornbinations given in 
EN 1990. 

NOTE 2 In normal residential and office structures the imposed loads, as given in the EN 1991-1 series, may be 
treated as one fixed variable action (that is, equal loading on an spans, or zero, when appropriate) for which reduction 
factors are gi ven in the EN ] 991-1 seri es. 

2.4.3 Ultimate limit states 

(1)P The relevant values of the partial factor for materials rM shall be used for the ultimate limit state 

for ordinary and accidental situations. When analysing the stIucture for accidental actions, the 
probability of the accidental action being present sha11 be taken into account. 

28 



BS EN 1996-1-1 :2005 
EN 1996-1-1 :2005 (E) 

NOTE The numerical values to be ascribed to the symbol YM for use in a country may be found in its National 
Annex. Recommended values, given as classes that may be related to execution control also Annex according to 
national choice, are given in the table below. 

YM 

Material Class 

2 3 4 5 

Masonry made with: 

A Units of Category l~ designed mortara 1,5 1,7 2,0 2,2 

B Units of Category I, prescribed mortarb 1,7 2,0 2,2 2,5 2,7 

C Units II, any mortara, b. e 2,0 2,5 2,7 3,0 

D Anchorage of reinforcing steel 1,7 2,0 2,5 2,7 

E Reinforcing steel and pi '0 steel 1,15 

F Ancillary componentsC, d 1,7 2,0 2,2 
I 

G Lintels according to EN 845-2 1,5 to 

a Requirements for designed mortars are given in EN 998-2 and EN 1996-2, 

b Requirements for prescribed mortars are given in EN 998-2 and EN 1996-2. 

c Declared values are mean values. 

d Damp proof courses are assumed to be covered by masonry }1v1.. 

e When the coefficient of variation for :ategory 11 units is not greater than 25 %. 

END OF NOTE 

2.4.4 Serviceability limit states 

(l) Where silTIplified rules are given in the relevant clauses dealing with serviceability limit states, 
detailed calculations using con1binations of actions are not required. When needed, the partial factor 
for materials, for the serviceability limit state, is YM' 

NOTE The value to be ascribed to the symbol YM for use in a country may be found in its National Annex. The 

recommended value for YM, for all material propertIes for serviceability limit states is 1,0. 

2.5 Design assisted by testing 

(l) Structural properties of masonry may be detern1ined by testing. 

NOTE Annex D (informative) of EN 1990 gives recommendations for assisted by testing. 
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Section 3 Materials 

3.1 Masonry Units 

3.1.1 Types and grouping of masonry units 

(1 )PMasonry units shaH conlply with any of the following types: 

clay units in accordance with 1-1. 

calcium silicate units in accordance with EN 771-2. 

aggregate concrete units (dense and lightweight aggregate) in accordance with EN 771-3. 

autoclaved aerated concrete units in accordance with 771-4. 

manufactured stone units in accordance with EN 

dinlensioned natural stone uni ts in accordance with ~ EN 771-6 @11 . 

(2) Masonry units may be Category I or Category II. 

NOTE The definitions I and II units are given in EN 771-1 to 6. 

(3) Masonry units should be grouped as Group 1, Group 2, Group 3 or Group 4, for the purposes of 
using the equations and other nunlerical values given in 3.6.1.2 (2), (3), (4), (5) and (6), and 3.6.1.3 
and where grouping is refened to in other clauses. 

NOTE Normally the manufacturer will state the grouping of his units. 

(4) Autoclaved aerated concrete, manufactured stone and dimensioned natural stone units are 
considered to be Group 1. The geometrical requirements for grouping of clay, calcium silicate and 
aggregate concrete units are given in table 3.1. 
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Table 3.1 - Geometrical requirements for Grouping of Masonry Units 

Materials and limits for Masonry Units 

Group 1 uroup 2 Group 3 Group 4 

(all Horizontal 
materials) Units Vertical holes 

holes 

Volun1e of all 
clay > 25; 55 2:: 25; :'S 70 > 25; :'S 70 

holes 
:'S 25 calcium 

(0/0 of the silicate 
> 25; < not used not used 

gross volume) 
concrete b > 25; :'S 60 > 25; :'S 70 25; < 50 

each of multiple each of multiple 
each of 

clay 
holes :'S 2 holes < 2 

111ultiple holes 
gripholes up to a gripholes up to a 

total of 12,5 total of 12,5 
<30 

Volume of any each of multiple 
hole 

:'S 12,5 
calcium holes 15 

not used not used 
(% of the silicate gripholes up to a 
gross volume) totalof30 

each of n1ultip Ie each of n1ultiple 
each of 

concreteb holes :'S 30 holes:'S 30 
lTIultiple holes 

gripholes up to a gripholes up to a 
total of 30 total of 30 

:'S 25 

eb shell web shell w~shell 
Declared 

I values of No clay ~8 23 26 25 6 

thickness of reqLL1re- calcium 
webs and ment silicate 

25 ~ 10 not used not used 

shells (nl1TI) 
concrete b ~ 20 I 220 ~ 15 2 18 ~ 15 2 15 

Declared value clay 2 16 ~ 12 ~ 12 
of combined 

calcium 
thickness a of No 220 not used not used 
webs and require-

silicate 

shells (% of ment 
the overall concrete b ~ 18 ~ 15 ~45 

width) 

a The combined thickness is the thickness of the webs and shells, measured horizontally in the relevant 
direction. The check is to be seen as a qualification test and need only be repeated in the case of principal 
changes to the design dimensions of units. 

b In the case of conical holes, or cellular holes, use the mean value of the thickness of the webs and the 
shells. 
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3.1.2 Properties of masonry units -compressive strength 

(l)P The c0111pressive strength of masonry units, to be used in design, shall be the normaJised mean 
con1pressive strength, lb' 

NOTE In the EN 771 series of standards, the normalised mean compressive strength is either: 
- declared by the manufacturer; or 
- obtained by converting the compressive strength by using EN 772-1, Annex A (Conversion of the compressive 

strength of masonry units to the nonnalised mean compressive strength). 

(2) When the nlanufacturer declares the nonnaJised compressive strength of masonry units as a 
characteristic strength, this should be converted to the Inean equivalent, using a factor based on the 
coefficient of variation of ~the con1pressive strength of~ the units. 

3.2 Mortar 

3.2.1 Types of masonry mortar 

(l) Masonry mortars are defined as general purpose, thin layer or lightweight mortar according to 
their constituents. 

(2) Masonry n101tars are considered as designed or prescribed mortars according to the Inethod of 
defining their composition. 

(3) Masonry mortars Inay be factory made (pre-batched or pre-mixed), semi-finished factory made or 
site-made, according to the method of manufacture. 

(4)P Factory made and semi-finished factory made masonry mortars shall be in accordance with 
EN 998-2. Site-made masonry mortar shall be in accordance with EN 1996-2. Pre-mixed lime and 
sand n1asonry nl0rtar shall be in accordance with EN 998-2, and shall be used in accordance with 

998-2. 

3.2.2 Specification of masonry mortar 

(1) Mortars should be classified by their compressive strength, expressed as the 1etter M followed by 
the compressive strength in N/n1m2, for example, M5. Prescribed n1asonry 1110rtars, additionally to 
the M number, will be described by their prescribed constituents, e. g. 1: 1: 5 cement: lime: sand by 
volume. 

NOTE The National Annex ofa country may ascribe acceptable equivalent mixes, described by the proportion of the 
constituents, to statedM values. Such acceptable equivalent mixes should be given in the National Annex. 

(2) General purpose nlasonry mortars may be designed mortars in accordance with EN 998-2 or 
prescribed n1asonry n10rtars in accordance with EN 998-2. 

(3) Thin layer and lightweight Inasonry mortars should be designed mortars in accordance with 
EN 998-2. 
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(l)P The cOlnpressive strength of masonry mortar, fm, shall be determined in accordance with 
EN 1015-1 L 

~Text deleted~ 

3.2.3.2 Adhesion between units and mortar 

(1 )P The adhesion between the mortar and the masonry units shall be adequate for the intended use. 

NOTE 1 Adequate adhesion will depend on the type of mortar used and the units to which that mortar is applied. 

~ NOTE 2 EN 1052-3 deals with the determination of the initial shear strength of masonry and EN 1052-5 
dea1s with the detel1nination of flexural bond strength. ~ 

3.3 Concrete infill 

3.3.1 General 

(l)P Concrete used for infill shall be in accordance with 206. 

(2) Concrete infill is specified by the characteristic compressive strength, fck' (concrete strength 

class), which relates to the cylinder/cube strength at 28 days, in accordance with EN 206. 

3.3.2 Specification for concrete infi)] 

(1) The strength class, as defined in EN 206-1, of concrete infill should not be less than C12115. 

(2) The concrete nlay be designed or prescribed and should contain just sufficient water to provide 
the specified strength and to give adequate workability. 

(3)P The workability of concrete infill shall be such as to ensure that voids will be completely filled, 
when the concrete is placed in accordance with EN 1996-2. 

(4) The slump class S3 to S5 or flow class F4 to F6, in accordance with EN 206-1, will be 
satisfactory for IllOSt cases. In holes, where the smallest dimension is less than 85 mnl, ~slump class 
S5 or flow class F6~ should be used. Where high slump concretes are to be used, lneasures need to 
be taken to reduce the resulting high shrinkage of the concrete. 

(5) The maximum aggregate size of concrete infill should not exceed 20 mm. When concrete infill is 
to be used in voids whose least dimension is less than 100 mIn or when the cover to the 
reinforcement is less than 25 mm, the maximum aggregate size should not exceed 10 nlm. 

3.3.3 Properties of concrete infill 

(l)P The characteristic compressive strength and shear strength of concrete infill shall be determined 
fi'onl tests on concrete specimens. 
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NOTE Test results may be obtained from tests carried out for the project, or be available from a database. 

(2) Where test data are not available the characteristic compressive strength, fck, and the 

characteristic shear strength,.f~vk' of concrete infill may be taken fronl table 3.2. 

Table 3.2 Characteristic strengths of concrete in fill 

Strength class of concrete C12/15 C16/20 C20/25 
C25/30, or 

stronger 

fck (Nh11m2) 12 16 20 25 

.f~vk (N/mm2) 0,27 0,33 0,39 0,45 

3.4 Reinforcing steel 

3.4.1 General 

(l)P Reinforcing carbon steel shall be specified in accordance with ~ EN 10080 @j]. Stainless 
steel and specially coated bars shall be specified separately. 

(2)P The requirements for the properties of the reinforcenlent are for the lnaterial as placed in the 
hardened masonry or concrete intill. Operations can-ied out on site or during manufacture, that might 
damage the properties of the material shall be avoided. 

mJ) NOTE EN 10080 refers to a yield strength Re, which includes the characteristic, minimum and maximum values 
based on the long-term quality of production. In contrast j~k is the characteristic yield stress based on only that 
reinforcement required for the structure. There is no direct relationship between and the characteristic Re. 
However the methods of evaluation and verification of yield strength given in EN 10080 provide a sufficient check 
for obtainingj~k' @j] 

(3) Reinforcing steellnay be carbon steel or austenitic stainless steel. Reinforcing steel may be plain 
or ribbed (high bond) and weldable. 

(4) Detailed information on the properties of reinforcing steel is to be found in EN 1992-1 1. 

3.4.2 Properties of reinforcing steel bars 

(l)P The characteristic strength of reinforcing steel bars,.f~k' shall be in accordance with annex C of 

EN 1992-1-1 

(2) The coefficient of thermal expansion lnay be assUlned to be 12 x 10-6 K-l. 

NOTE 
neglected. 

The difIerence between this value and the value for the surrounding masonry or concrete may nomlally be 

~ 3.4.3 Properties of bed joint reinforcement @j] 

(l)P Prefabricated bed joint reinforcement shall be in accordance with EN 845-3. 
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3.5 Prestressing steel 

(l ) P Prestressing steel shall be in accordance with 
Approval. 

10138 or an appropriate European Technical 

(2) The properties of prestressing steel should be obtained frOln 1992-1-1. 

3.6 Mechanical properties of masonry 

3.6.1 Characteristic compressive strength of masonry 

3.6.1.1 General 

(l)P The characteristic compressive strength of masonry'/k' shall be determined fronl results of tests 

on Inasonry specimens. 

NOTE Test results may be obtained from tests carried out for the project, or be available from a database. 

3.6.1.2 Characteristic compressive strength of masonry other than shell bedded masonry 

(1) The characteristic compressive strength of masonry should be determined fronl either: 

(i) results of tests in accordance with EN 1052-1 \vhich tests may be carried out for the project or be 
available from tests previously calTied out e.g. a database; the results of the tests should be expressed 
as a table, or in terms of equation (3.1). 

(3.1) 

where: 

A is the characteristic compressive strength of the Inasonry, in N/mm2 

is a constant and, where relevant, modified according to 3.6.1.2(3) 

3.6.1.2(6) 

u, ~ are constants 

and/or @1] 

A is the normalised n1ean conlpressive strength of the units, in the direction of the applied 

action effect, in N/mm2 

fm is the compressive strength of the mortar, in N/mm2 

Limitations on the use of equation (3.1) should be given in terms of A, .A,l' the coefficient of variation 

of the test results, and the Grouping of the units. 

or 

(ii) froln (2) and (3), below. 

NOTE The decision on which of methods (i) and (ii) is to be used in a country may be found in its National Annex. 
If (i) is used, tabulated values or the constants to be used in equation (3.1) and the limitations, preferably 
rett~rnrlg to the grouping in Table 3.1, should be in the National Annex. 
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(2) The relationship between the characteristic compressive strength of masonry,,h, the nornlalised 

mean compressive strength of the units,h, and the mortar strength'.!;11, may be obtained from: 

equation (3.2), for masonry made with general purpose mortar and lightweight mortar; 

equation (3.3), for nlasonry nlade with thin layer nl0rtar, in bed joints of thickness 0,5 mm to 
3 nl111, and clay units of Group 1 and 4, calcium silicate, aggregate ~ concrete@1] and autoclaved 
aerated concrete units; 

equation (3.4), for ~ masonry made @1] with thin layer mortar, in bed joints of thickness 
0,5 lum to 3 mnl, and c1ay units of Group 2 and 3. 

NOTE EN 998-2 gives no limit for the thickness of joints made of thin layer mortar; the limit on the thickness of bed 
joints of ~ 0,5 mm@il to 3 mm is to ensure that the thin layer mortar has the enhanced properties assumed 
to exist to enable equations (3.3) and (3.4) to be valid. The mortar strength,.hll' does not need 10 be used with 
equation (3.3) and (3.4). 

~ {' = K {,0,7 {'0,3 
./k ./b./111 (3.2) @1] 

/ ' = K /,0,85 
, k . b (3.3) 

{' = K /,0,7 
./ k ' b (3.4) 

where: 

K is a constant according to table 3.3, and where relevant, modified according to 
3.6.1.2(3) and or 3.6.1.2(6) 

provided that the following requirements are satisfied: 

the masonry is detailed in accordance with section 8 of this EN 1996-1-1; 

all joints satisfy the requirements of 8.1.5 (1) and (3) so as to be considered as filled; 

- h is not taken to be greater than 75 N/mm2 when units are laid in general purpose mortar 

- h is not taken to be greater than 50 N/mm2 when units are laid in thin layer mortar; 

- fm is not taken to be greater than 20 N/mm2 nor greater than 2 fb when units are laid in general 

purpose TTIOrtar; 

- J;n is not taken to be greater than 10 N/nln12 when units are laid in lightweight nlortar; 
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(3) Where action effects are parallel to the direction of the bed joints, the characteristic compressive 
strength may also be determined from equations (3.2), (3.3) or (3.4), using the nOlmalized 
compressive strength of the masonry unit,./b, obtained from tests where the direction of application of 
the load to the test specimen is the same as the direction of the action effect in the masonry, but with 
the factor, 6, as given in EN 772-1, not taken to be greater than 1,0. For Group 2 and 3 units, K 
should then be multiplied by 0,5. 

(4) For ll1asonry nlade of general purpose mortar where Group 2 and Group 3 aggregate concrete 
units are used with the vertical cavities filled completely with concrete, the value off~ should be 

obtained by considering the units to be Group I with a compressive strength corresponding to the 
compressive strength of the units or of the concrete infill, whichever is the lesser. 

(5) When the perpendjoints are unfilled, equations (3.2), (3.3) or (3.4) may be used, considering any 
horizontal actions that might be applied to, or be transmitted by, the masonry. See also 3.6.2(4). 

(6) For masonry made with general purpose mortar where there is a mortar joint pm-a1lel to the face 
of the wall through all or any part of the length of the wall, the values of K can be obtained by 
multiplying the values given in table 3.3 by 0,8. 

Table 3.3 - Values of K for use with general purpose, thin layer and lightweight mortars 

Masonry Unit Thin layer Lightweight mortar of density 
General mortar 
purpose (bed joint 600 :::;Pd 800 < Pd 
mortar > 0,5 mm and < 800 kg/m3 :::; 1 300kg/m3 

_ 3 nlm) 

Group 1 0,55 0,75 0,30 0,40 

Clay 
Group 2 0,45 0,70 0,25 0,30 

Group 3 0,35 0,50 0,20 0,25 

Group 4 0,35 0,35 0,20 0,25 

Calcium Group 1 0,55 0,80 t + + 
Silicate Group 2 0,45 0,65 t t 

Group ~ 0,55 0,80 0,45 0,45 

Aggregate Group 0,45 0,65 0,45 0,45 
Concrete roup 3 0,40 0,50 t t 

Group 4 0,35 t t t 
+ + 

Autoclaved 
Aerated Group 1 0,55 0,80 0,45 0,45 
Concrete 

Manufactured 
Group 1 0,45 0,75 t t Stone 

Dimensioned 
Group 1 0,45 t ~: t Natural Stone 

.. 

t Conlbination of mortar/unit not nOlmally used, so no value given. 
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3.6.1.3 Characteristic compressive strength of shell bedded masonry 

~( 1) The characteristic compress ive strength of shell bedded masonry may also be obtained from 
3.6.1.2 using the nonnalised lnean compressive strength of the units fb that is obtained for normal 
bedding (thus not obtained from tests on units tested in accordance with EN 772-1 for shell bedded 
units), provided that:@1] 

the width of each strip of mortar is 30 mIn or greater; 

the thickness of the nlasonry is equal to the width or length of the masonry units so that there is 
no longitudinal mortar joint through all or part of the length of the wall; 

the ratio glt is not less than 0,4; 

is taken from 3.6.] .2 when glt = 1,0 or K is taken as half of those values when glt 0,4, with 
intermediate values obtained by linear interpolation, 

where: 

g is the total of the widths of the mortar strips; 

is the thickness of the wall. 

(2) The characteristic cOInpressive strength of shell bedded nlasonry ~ Text deleted@1] may be 
obtained fronl 3.6.1.2, provided that the normalised mean compressive strength of the units, f~, 

used in the equation is that obtained from tests on units tested in accordance with 772-1 for shell 

bedded units. 

3.6.2 Characteristic shear strength of masonry 

(l)P The characteristic shear strength of masonry,f~'k' shall be deternlined from the results of tests on 

lnasonry. 

NOTE Test results may be obtained from tests carried out for the project, or be available from a database. 

(2) The characteristic initial shear strength of Inasonry, hko' should be detelmined fronl tests in 

accordance with 1052-3 or EN 1052-4. 

(3) The characteristic shear strength of Inasonry,.f~!k' using general purpose nlO1"tar in accordance with 

3.2.2(2), or thin layer Inortar in beds of thickness 0,5 mm to 3,0 mm, in accordance with 3.2.2(3), or 
lightweight n10rtar in accordance with 3.2.2(4) with all joints satisfying the requirements of 8.1.5 so 
as to be considered as filled, nlay be taken fronl equation (3.5). 

f~k fvko + 0,4 ad (3.5) 

but not greater than 0,065 fb orfvlt 

where: 

fvko is the characteristic initial shear strength, under zero compressive stress; 

fvlt is a 1inlit to the value of.fvk; 
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ad is the design compressive stress perpendicular to the shear in the nlenlber at the level 

under consideration, using the appropriate load combination based on the average vertical 
stress over the compressed part of the wall that is providing shear resistance; 

fb is the nonnalised conlpressive strength of the masonry units, as described in 3.1.2.1, for 

the direction of application of the load on the test specinlens being perpendicular to the 
bed face. 

NOTE The decision on whether to use 0,065 Ib or Ivlt in a country, and the values or derivation of .fvlt related 
to e.g. the tensile strength of the units and/or overlap in the masonry, if that option is chosen, may be found in its 
National Annex. 

(4) The characteristic shear strength of masonry using general purpose mortar in accordance with 
3.2.2(2), or thin layer lTIOrtar in accordance with 3.2.2(3), in beds of thickness 0,5 mnl to 3,0 nl1n, or 
lightweight mortar in accordance with 3.2.2(4), and having the perpend joints unfilled, but with 
adjacent faces of the masonry units closely abutted together, nlay be taken frOlTI equation (3.6). 

= 0,5 fvko + 0,4 ad (3.6) 

but not greater than 0,045.1i, or ivlt 

where: 

fvko,ivlt, ad andfb are as defined in (3) above. 

NOTE The decision on whether to use ~ 0,045 @1] f; or Ivlt in a country, and the values or derivation of.fvlt 
related to e.g. the tensile strength of the units and/or overlap in the masonry, if that option is chosen, may be found in 
its National Annex. 

(5) In shell bedded Inasonry, where the units are bedded on two or more equal strips of general 
purpose nlOltar, each at least 30 mIn in width,ivk may be taken from equation (3.7). 

fvk = fvko + 0,4 ad 
t 

but not greater than would be obtained from (4) above. 

where: 

fvk' ad and.f~ are as defined in (3) above and: 

g is the total of the widths of the mortar strips; 

t is the thickness of the wall. 

(6) The initial shear strength of the masonry,ivko' may be detemlined from either: 

(3.7) 

the evaluation of a database on the results of tests on the initial shear strength of nlasonry, 

or 
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from the values given in table 3.4, provided that general purpose nl0rtars made in accordance 
with EN 1996-2 do not contain adnlixtures or additives. 

NOTE The decision on which of the above two methods is to be used in a country may be found in its National 
Annex. When a country decides to determine its values of!vko from a database, the values may be given in the National 
Annex. 

(7) The vertical shear resistance of the junction of two masonry walls may be obtained fronl suitable 
tests for a specific project or it may be taken from an evaluation of test data. In the absence of such 
data, the characteristic vertical shear resistance may be based onf~ko' where ivko is the shear strength 
under zero conlpressive stress, as given in 3.6.2(2) and (6), provided that the connection between the 
walls is in accordance with 8.5.2.1. 

Table 3.4 - Values of the ~ initial @il shear strength of masonry, hko 

fvko (N Imm2) 

Masonry units 
Thin layer nlortar 

General purpose mortar of the (bed joint :::: Lightweight 
Strength Class given 0,5 mm and mortar 

< 3 lnm) 

MIO - M20 0,30 

Clay M2,5 - M9 0,20 0,30 0,15 

M1-M2 0,10 

M10 - M20 0,20 

Calcium silicate M2,5 -M9 0,15 0,40 0,15 

M1-M2 0,10 

Aggregate concrete M10 - M20 0,20 

Autoclaved Aerated 
M2,5 - M9 0,15 

Concrete 

Manufactured stone 
0,30 0,15 

and 
MI-M2 0,10 

Dimensioned 
natural stone 

3.6.3 Characteristic flexural strength of masonry 

(1) In relation to out-of plane bending, the following situations should be considered: flexural 
strength having a plane of failure parallel to the bedjoints, fxkl; flexural strength having a plane of 

failure perpendicular to the bedjoints,hk2 (see figure 3.1). 
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a) plane of failure parallel to bed joints,j~kl b) plane of failure perpendicular to bed joints,.f~k2 

Figure 3.1 - Planes of failure of masonry in bending 

(2)P The characteristic flexural strength of masonrY,.f~k1 andj~k2' shall be detelTI1ined from the results 

of tests on masonry. 

NOTE Tests results may be obtained from tests carried out for the project, or be available from a database. 

(3) The characteristic flexural strength of masonry Dlay be detennined by tests in accordance with 
EN 1052-2, or it may be established from an evaluation of test data based on the flexural strengths of 
masonry obtained fronl appropriate combinations of units and mortar. 

NOTE 1 Values offxkl andfxk2 to be used in a country may be found in its National Annex. 

NOTE 2 Where test data are not available values of the characteristic flexural strength of masonry made with 
purpose mortar, thin layer mortar or lightweight mortar, may be taken from the tables in this note, provided that thin layer 
mortar and lightweight mortars are M5, or stronger. 

NOTE 3 For masonry made with autoclaved aerated concrete units laid in thin layer mortar,fxkl andj~k2 values may be 
taken from the tables in this note or from the following equations: 

0,035 Ib, with filled and unfilled perpend joints 
= 0,035 Ib, with filled perpend joints or 0,025 Ib, with unfilled perpend joints 

Values ofj'(kl' for plane of failure parallel to bed joints 

fxkl (N/mm2) 

Masonry Unit General purpose mortar Thin layer mortar Lightweight mortar 

5 N/mm2 fm2': 

5 N/mm2 

Clay 0,10 0,10 0,15 0,10 

Calcium silicate 0,05 0,10 0,20 not lIsed 

Aggregate concrete 0,05 0,10 0,20 not used 

Autoclaved aerated concrete 0,05 0,10 0,15 0,10 

Manufactured stone 0,05 0,10 not used not used 

Dimensioned natural stone 0,05 0,10 0,15 not used 
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Va] ues of.fxk2' for plane of failure perpendicular to bed joints 

1v..k2 (N/mm2) 

Masonry Unit General purpose mortar Thin layer mortar 

fln < 5 N/mm2 fin 2': 5 N/mm2 

Clay 0,20 0,40 0,15 

Calcium silicate 0,20 0,40 0,30 

Aggregate concrete 0,20 0,40 0,30 

Autoc1aved aerated p< 400 kg/m3 0,20 0,20 0,20 

concrete 
p~ 400 kg/m3 0,20 0,40 0,30 

Manufactured stone 0,20 0,40 not used 

Dimensioned natural stone 0,20 0,40 0,15 

NOTE 4 .f~k2 should not be taken to be greater than the flexural strength of the unit. 

END OF NOTES. 

3.6.4 Characteristic anchorage strength of reinforcement 

Lightweight mortar 

0,10 

not used 

not used 

0,]5 

0,15 

not used 

not used 

(l)P The characteristic anchorage strength of reinforcement bedded in mortar or concrete shall be 
obtained fronl the results of tests. 

NOTE Test results may be obtained from tests carried out for the project, or be available from a database. 

(2) The characteristic anchorage strength of reinforcenlent may be established from an evaluation of 
test data. 

(3) Where test data are not available, for reinforcenlent embedded in concrete sections with 
dinlensions greater than or equal to 150 mm, or where the concrete infill surrounding the 
reinforcement is confined within masonry units, so that the reinforcement can be considered to be 
confined, the characteristic anchorage strength,./bok' is given in table 3.5. 

(4) For reinforcement embedded in mortar, or in concrete sections with dimensions less than 150 mm, 
or where the concrete infill surrounding the reinforcelnent is not confined within nlasonry units so 
that the reinforcelnent is considered not to be confined, the characteristic anchorage strength, ./bOk' is 
given in table 3.6. 

(5) For prefabricated bed joint reinforcenlent, the characteristic anchorage strength should be 
determined by tests in accordance with 846-2, or the bond strength of the longitudinal wires 
alone should be used. 
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Table 3.5 - Characteristic anchorage strength of reinforcement in confined concrete infill 

Strength class of concrete C121lS C16/20 C20/2S 
C25/30 

or stronger 

fbok for plain carbon steel bars 
1,3 I,S 1,6 1,8 

(N/mm2) 

fbok for high-bond carbon and 
2,4 3,0 3,4 4,1 

stainless steel bars (N/mm2) 

Table 3.6 - Characteristic anchorage strength of reinforcement in mortar or concrete not 
fi d ·th· "t con lne WI In masonry unl s 

Mortar ~M2-M4@j] MS-M9 MI0-M14 MlS-MI91 M20 

Strength class of 
Cl211S C20/2S 

C2S/30 or 
Concrete not used C16/20 

stronger 

.hok for plain carbon steel bars 
O,S 0,7 1,2 1,4 1A 

(N/mm2) 

hOk for high-bond carbon steel 
O,S 1,0 I,S 2,0 3,4 

and stainless steel bars (N/n1m2) 

3.7 Deformation properties of masonry 

3.7.1 Stress-strain relationship 

(l) The stress-strain relationship of masonry in compression is non-linear and may be taken as linear, 
parabolic, parabolic rectangular (see figure 3.2) or as rectangular, for the purposes of designing a 
masonry section (see 6.6.l(l)P). 

NOTE Figure 32 is an approximation and may not be suitable for all of masonry units. 
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l) 
(j 
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3) 

Key 
1) typical 
2) idealised diagram (parabolic-rectangular) 

E 3) design diagram 

Figure 3.2 - Stress-strain relationship for masonry in compression 

3.7.2 Modulus of elasticity 

(l)P The short term secant n10dulus of elasticity, E, shall be deten11ined by tests in accordance with 
EN 1052-1. 

NOTE Test results may be obtained from tests carried out for the project, or be available from a database. 

(2) In the absence of a value detennined by tests in accordance with EN 1052-1, the short term secant 
modulus of elasticity oflllasonry, E, for use in structural analysis, may be taken to be KEfk' 

NOTE The values of KE to be used in a country may be found in its National Annex. The recommended value of 

KE is 1 000. 

(3) The long tenn modulus should be based on the short tenn secant value, reduced to allow for creep 
effects, (see 3.7.4), such that: 

E 
E10ng term = 1 + ¢Cf) (3.8) 

where: 

¢oc is the final creep coefficient. 

3.7.3 Shear modulus 

(l) The shear modulus, G, may be taken as 40 % of the elastic lllOdulus, 
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3.7.4 Creep, moisture expansion or shrinkage and thermal expansion 

(l)P Coefficients of creep, moisture expansion or shrinkage and thelmal expanSIon shall be 
detelmined by test. 

NOTE I Test results may be obtained from tests carried out for the project, or be available from a database. 

NOTE 2 No European test method to determine creep or moisture expansion for masonry currently exists. 

(2) The final creep coefficient, ¢w, long term moisture expansion or shrinkage, or the coefficient of 

thernlal expansion, at, should be obtained from an evaluation of test data. 

NOTE Ranges of values for the defonnation properties of masonry are given in the table below. The values to be 
used in a country may be found in its National Annex 

of coefficients of creep, moisture expansion or shrinkage, and thermal properties of masonry 

Final creep coefficienta Long term moisture expansion or 
Coefficient of thermal 

Type of masonry unit shrinkageb 
expansion, at. 10-6/K 

mm/m 

Clay 0,5 to 1,5 -0,2 to + 1,0 4 to 8 

Calcium Silicate 1,0 to 2,0 -0,4 to -0,1 7 to 11 

Dense aggregate concrete 
1,0 to 2,0 -0,6 to -0, I 6 to 12 

and manufactured stone 

Lightweight aggregate 
1,0 to 3,0 

concrete 
-1,0 to -0,2 6 to 12 

Autoclaved aerated 
0,5 to 1,5 -0,4 to +0,2 7 to 9 

concrete 

ft.". 5 to 9 
'-" 

Natural 
SedimentaJY -0,4 to +0,7 2 to 7 c 

stone 

Metamorphic I to 18 

a The final creep coefficient = Ecw I Ee], where is the final creep strain and a/E. 

b Where the long term value of moisture expansion or shrinkage is shown as a negative number it indicates shortening and as a 
positive number it indicates expansion. 

c Thesc values are normally very low. 

END OF NOTE 

3.8 Ancillary components 

3.8.1 Damp proof courses 

(l)P Damp proof courses shall resist the passage of ( capillary) water. 

3.8.2 Wall ties 

(l)P Wall ties shall be in accordance with EN 845-1. 
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3.8.3 Straps, hangers and brackets 

(l)P Straps, hangers and brackets shall be in accordance with EN 845-1. 

3.8.4 Prefabricated lintels 

(l)P Prefabricated lintels shall be in accordance with EN 845-2 

3.8.5 Prestressing devices 

(l)P Anchorages, couplers, ducts and sheaths shall be in accordance with the requirements of 
EN 1992-1-1. 

Section 4 Durability 

4.1 General 

(l)P Masonry shall be designed to have the durability required for its intended use, taking into 
account the relevant environmental conditions. 

4.2 Classification of environmental conditions 

(1) The classification of environmental conditions should be in accordance with EN 1996-2. 

4.3 Durability of masonry 

4.3.1 Masonry units 

(l)P Masonry units shall be sufficiently durable to resist the relevant exposure conditions for the 
intended life of the building. 

NOTE Guidance on design and construction to provide adequate durability is given in EN 1996-2 

4.3.2 Mortar 

(l)P Mortar in masonry shall be sufficiently durable to resist relevant micro exposure conditions for 
the intended life of the building, and shall not contain constituents which can have a detrimental 
effect on the properties or durability of the mortar or abutting materials. 

NOTE Guidance on design and construction to achieve adequate durability of mortar joints is given in section 8 of 
this EN 1996-1-1 and EN 1996-2. 

4.3.3 Reinforcing steel 

(l)P Reinforcing steel shall be sufficiently durable, either by being corrosion resistant or adequately 
protected, so that, when placed in accordance with the application rules in section 8, it will resist 
local exposure conditions for the intended life of the building. 

(2) Where carbon steel requires protection to provide adequate durability, it should be galvanised in 
accordance with~prEN 1 0348@j],such that the zinc coating is not less than that required to provide 
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the necessary durability (see (3), below) or the steel shou1d be given an equivalent protection such as 
by fusion bonded epoxy powder. 

(3) The type of reinforcing steel, and the minimum level of protection for the reinforcing steel, 
should be chosen with regard to the relevant exposure class of the place of use. 

NOTE RecOlmnended reinforcing steels for durability may be found in the National Annex. A table of 
recommendations is given below. 

Exposure classa 

~ Selection of reinforcing steel for durability@1] 

Minimum level of protection for reinforcing steel 

Located in mortar 
Located in concrete with cover less than 
required according to (4) 

t-M_X_l _______ ~tected carbon steelb 
I Unprotected carbon steet 

MX2 

MX3 

MX4 

MX5 

a See EN 1996-2 

Carbon steel, heavily galvanised or with 
equivalent protectionc Unprotected carbon steel or, where 
/------------------1 mortar is used to fill in the voids, carbon 
Unprotected carbon steel, in masonry steel, heavily galvanised or with 
with a rendering mortar on the exposed equivalent protectionc 
face d 

Austenitic stainless steel AISI 316 or 304 

Unprotected carbon steel, in masonry Carbon steel, heavily galvanised or with 

with a rendering mortar on the exposed equivalent protectionc 

face d 

Austenitic stainless steel AISI 316 
Carbon steel heavily galvanised or with 

equivalent protection b with a rendering 

mortar on the exposed face d 

Austenitic stainless steel AISI 316 or 

304 e 

Austenitic stainless steel AISI 316 

Austenitic stainless steel AISI 316 or 

304 e 

b For the inner leaf of external cavity walls likely to become damp, carbon steel, heavily galvanised or with 
equivalent protection as c, should be used. 

~ c Carbon steel should be galvanised with a minimum mass of zinc coating of 900 g/m2 or galvanised 

with a minimum mass of zinc coating of 60 g/m2 and provided with a bonded epoxy coating of at least 
80 J-un thickness, with an average of 100 J-lm. See also 3.4. @1] 

d The mortar should be general purpose or thin layer mortar, not less than M4, the side cover in figure 8.2 
should be increased to 30 mm and the masonry should be rendered with a rendering mortar in accordance with 
EN 998-1. 

e Austenitic stainless steel may still not be suitable for all aggressive environments, and these should be 
considered on a project by project basis. 

END OF NOTE 

(4) Where unprotected carbon steel is used, it should be protected by concrete cover of depth cnol11 • 
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NOTE Values of enom to be used in a country will be found in its National Annex. RecOlIDnended values are given 

in the following table. 

~Recommended values for the minimum concrete cover cnom for carbon reinforced steel ®1 

Minimum cement content a 

kg/m3 

275 300 325 350 400 

Exposure class Maximum water/cement ratio 

0~65 0,60 0,55 0,50 0~45 

Thickness of minimum concrete cover 

lIDn 

MXlb 20 20 20c 20c 20c 

MX2 - 35 30 25 20 

MX3 - 40 I 30 25 

MX4 andMX5 - - 60d 50 

a All mixes are based on the use of normal-weight aggregate of 20 mm nominal maximum size. Where 
other sized aggregates are used~ cement contents should be adjusted by +20 % for 14 mm aggregate and 
+40 % for 10 mm aggregate. 

b Alternatively, a 1: 0 to V4 : 3: 2 (cement: lime: sand: 10 lIDn nominal aggregate mix by volume) may 
be used to meet exposure situation MXl, when the cover to reinforcement is a minimum of 15 mm. 

c These covers may be reduced to a minimum of 15 mm provided that the nominal maximum size of 
the aggregate does not exceed 10 mm. 

d Where the concrete infill may be subjected to freezing while still wet, frost resistant concrete should 
be used. 

END OF NOTE 

(5) Where galvanising is used to provide protection, the reinforcing steel should be galvanised after it 
has been bent to shape. 

(6) For prefabricated bed joint reinforcement, EN 845-3 lists the protection systems that are to be 
declared by the manufacturer. 

4.3.4 Prestressing steel 

(l)P Prestressing steel shall be sufficiently durable, when placed in accordance with the application 
rules in section 8, to resist relevant micro exposure conditions for the intended life of the building. 

(2) When prestressing steel is to be galvanised it should be of such a composition that it will not be 
adversely affected by the galvanising process. 
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(l)P Anchorages, couplers, ducts and sheaths shall be corrosion resistant in the environmental 
condition in which they are used. 

4.3.6 Ancillary components and support angles 

(l) EN 1996-2 gives requirements for the durability of ancillary cOlnponents (damp proof courses, 
wall straps, hangers and brackets, and support angles). 

4.4 Masonry below ground 

(l)P Masonry below ground shall be such that it is not adversely affected by the ground conditions or 
it shall be suitably protected there from. 

(2) Measures should be taken to protect nlasonry that Inay be damaged by the effects of n10isture 
when in contact with the ground. 

(3) When the soil is likely to contain chemicals, which might be hannful to the Inasonry, the 
Inasonry should be constructed of materials resistant to the chemicals or it should be protected in 
such a way that the aggressive chenlicals cannot be transmitted into it. 

Section 5 Structural analysis 

5.1 General 

(l)P For each relevant liInit state verification, a calculation model of the structure shall be set up 
from: 

an appropriate description of the structure, the materials from which it is made, and the relevant 
environnlent of its location; 

the behaviour of the whole or parts of the structure, related to the relevant limit state; 

the actions and how they are inlposed. 

(2)P The general arrangement of the structure and the interaction and connection of its various parts 
shall be such as to give appropriate stability and robustness during construction and use. 

(3) Calculation nl0dels nlay be based on separate parts of the structure (such as walls) independently, 
provided that 5.1 (2)P is satisfied. 

NOTE 
ensured. 

""'here the stmcture is made of separately designed components the overall stability and robustness should be 

(4) The response of the structure should be calculated using either 

non linear theory, assuming a specific relationship between stress and strain (see 3.7.1) 

or 
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linear theory of elasticity, assuming a linear relationship between stress and strain with a slope 
equal to the short term secant lnodulus of elasticity (see 3.7.2). 

(5) The results obtained from analysis of the calculation models should provide, in any lnelnber, 

the axial loads due to vertical and horizontal actions; 

the shear loads due to vertical and/or horizontal actions; 

the bending Inon1ents due to vertical and/or lateral actions; 

the torsional moments, if applicable. 

(6)P Structural members shall be verified in the ultimate 1in1it state and the serviceability limit state, 
using, as actions, the results obtained frOin the analysis. 

(7) Design lules for verification in the ultimate limit state and the serviceability limit state are given 
in Sections 6 and 7. 

5.2 Structural behaviour in accidental situations (other than earthquakes and fire) 

(l)P In addition to designing the structure to support loads arising from normal use, it shall be 
ensured that there is a reasonable probability that it will not be damaged under the effect of misuse or 
accident to an extent disproportionate to the original cause. 

NOTE No structure can be expected to be resistant to the excessive loads or forces, or loss of bearing members or 
portions of the structure that could arise due to an extreme cause. For example in a small building the primary damage 
may cause total destruction. 

(2) The structural behaviour under accidental situations should be considered using one of the 
foJIowing methods: 

111embers designed to resist the effects of accidental actions given in EN 1991 

the hypothetical ren10val of essentialloadbearing members in turn 

use of a tie-ing system; 

reducing the risk of accidental actions, such as the use of impact barriers against vehicle in1pact. 

5.3 Imperfections 

(l)P Imperfections shall be taken into account in design. 

(2) The possible effects of imperfections should be allowed for by assuming that the structure is 

inclined at an angle v ( ~) radians to the vertical, 
100 htot 

where: 

htot is the total height of the structure in metres. 
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(l)P Structures incorporating masonry walls designed according to this EN 1996-1 1 shall have their 
parts braced together adequately so that sway of the structure is either prevented or allowed for by 
calculation. 

(2) No allowance for sway of the structure is necessary if the vertical stiffening elements satisfy 
equation (5.1) in the relevant direction of bending at the bottonl of the building: 

s 0,6 for n ~ 4 

S 0,2 + 0,1 n for 1 S n S 4 
(5.1) 

where: 

htot is the total height of the structure from the top of the foundation; 

NEd is the design value of the vertical load (at the bottom of the building); 

L E1 is the SUln of the bending stiffnesses of all vertical stiffening building elelnents in the 
relevant direction; 

NOTE Openings in vertical stiffening elements of less than 2 m2 with heights not exceeding 0,6 h may be neglected. 

n is the number of storeys. 

(3) When the stiffening elements do not satisfy 5.4(2), calculations should be carried out to check 
that any sway can be resisted. 

NOTE A method for calculating the eccentricity of a stability core due to sway is given in Annex B 

5.5 Analysis of structural members 

5.5.1 Masonry walls subjected to vertical loading 

5.5.1.1 General 

(1) When analysing walls subjected to vertical loading, allowance in the design should be made for 
the following: 

vertical loads directly applied to the wall; 

second order effects; 

eccentricities calculated fronl a knowledge of the layout of the walls, the interaction of the floors 
and the stiffening walls; 

eccentricities resulting fronl construction deviations and differences in the tnaterial properties of 
individual components. 
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NOTE See EN 1996-2 for permitted construction deviations. 

(2) The bending mOlnents may be calculated from the material properties given in Section 3, the joint 
behaviour, and from the principles of structural mechanics. 

NOTE A simplified method for calculating the bending moments in walls due to vertical loading is given in 
Annex C. Annex C( 4) and C(5) may be used with any calculation, including linear elastic theory. 

(3)P An initial eccentricity, einip shall be assll1ned for the full height of a wall to allow for 

construction imperfections. 

(4) The initial eccentricity, einip may be assumed to be hc/450, where hef is the effective height of the 

wall, calculated from 5.5.1.2. 

5.5.1.2 Effective height of masonry walls 

(l)P The effective height of a loadbearing wall shall be assessed taking account of the relative 
stiffness of the elements of structure connected to the wall and the efficiency of the connections. 

(2) A wall may be stiffened by floors, or roofs, suitably placed cross walls, or any other sinlilarly 
rigid structural elements to which the wall is connected. 

(3) Walls may be considered as stiffened at a vertical edge if: 

or 

cracking between the wall and its stiffening wall is not expected to occur i.e. both walls are made 
of materials with approximately similar deformation behaviour, are approxilnately evenly loaded, 
are erected simultaneously and bonded together and differential movement between the walls, 
for example, due to shrinkage, loading etc, is not expected 

the connection between a wall and its stiffening wall can resist tension and conlpression forces 
by anchors or ties or other suitable means. 

(4) Stiffening walls should have a length of at least 1/5 of the clear height and have a thickness of at 
least 0,3 titnes the effective thickness of the wall to be stiffened. 

(5) If the stiffening wall is interrupted by openings, the minimunl length of the wall between 
openings, enconlpassing the stiffened wall, should be as shown in figure 5.1, and the stiffening wall 
should extend a distance of at least 1/5 of the storey height beyond each opening. 
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2) 

Key 

1) stiffened wall 
2) stiffening wall 
3) h2 (window) 

4) h2 (door) 

Figure 5.1 Minimum length of stiffening wall with openings 

(6) Walls may be stiffened by members other than masonry wal1s provided that such members have 
the equivalent stiffness of the masonry stiffening wall, described in paragraph (4) above, and they are 
connected to the stiffened wall with anchors or ties designed to resist the tension and compression 
forces that will develop. 

(7) Walls stiffened on two vertical edges, with I C:. 30 t, or walls stiffened on one vertical edge, with 
I C:. 15 t, where I is the length of the wall, between the stiffening walls or an edge and t is the 
thickness of the stiffened wall, should be treated as walls restrained at top and bottom only. 

(8) If the stiffened wall is weakened by vertical chases and/or recesses, other than those allowed by 
6.1.2.1 (7), the reduced thickness of the wall should be used for t, or a free edge should be assumed at 
the position of the vertical chase or recess. A free edge should always be assumed when the thickness 
of the wall remaining after the vertical chase or recess has been fomled is less than half the wall 
thickness. 

(9) Walls with openings having a clear height of more than 114 of the clear height of the waH or a 
clear width of more than 114 of the wall length or an area of more than 111 0 of the total area of the 
wall, should be considered as having a free edge at the edge of the opening for the purposes of 
detelmining the effective height. 

(10) The effective height of a wall should be taken as: 
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where: 

her is the effective height of the wall; 

h is the clear storey height of the wall; 

(S.2) 

Pn is a reduction factor where n = 3 or 4 depending on the edge restraint or stiffening of 

the wall. 

(11) The reduction factor, Pn, may be assunled to be: 

(i) For walls restrained at the top and bottonl by reinforced concrete floors or roofs spanning froln 
both sides at the same level or by a reinforced concrete floor spanning from one side only and having 
a bearing of at least 2/3 of the thickness of the wall: 

P2 = 0,75 (5.3) 

unless the eccentricity of the load at the top of the wall is greater than 0,25 times the thickness of 
wall in which case 

P2 1,0 (5.4) 

(1i) For wa]]s restrained at the top and bottOln by timber floors or roofs spanning fronl both sides at 
the saIne level or by a timber floor spanning from one side having a bearing of at least 2/3 the 
thickness of the wall but not less than 8S mm: 

P2 = 1,0 (5.5) 

(iii) For walls restrained at the top and bottom and stiffened on one vertical edge (with one free 
vertical edge): 

when h .:s;3,S I, 

with P2 from (i) or (ii), whichever is appropriate, or 

when h > 3,5 I, 

1,51 ~ 0,3 
h 

where: 

1 is the length of the wall. 
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(iv) For walls restrained at the top and bottom and stiffened on two vertical edges: 

or 

when h::;; 1,15 I, withp2 from (i) or (ii), whichever is appropriate, 

P4 = [ ]2 P2 
1 + P2 h 

1 

when h > 1,15 I, 

0,5/ 
P4 :::::-

h 

where 

is the length of the wall. 

NOTE Values for P4 are shown in graphical form in Annex D. 

5.5.1.3 Effective thickness of nlasonry walls 

(5.8) 

(5.9) 

(1) The effective thickness, tcf' of a single-leaf wall, a double-leaf wall, a faced wall, a shell bedded 

wall and a grouted cavity wall, as defined in 1.5.10, should be taken as the actual thickness of the 
wall, t. 

(2) The effective thickness of a wall stiffened by piers should be obtained from equation (5.10): 

tef = Pt t (5.10) 

where: 

tcf is the effective thickness; 

PI is a coefficient obtained from table 5.1; 

t is the thickness of the wall. 
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Table 5.1 Stiffness coefficient, Pt' for walls stiffened by piers, see figure 5.2 

Ratio of pier spacing (centre to Ratio of ~ pier depth @j]to actual thickness of wall to which 
centre) to pier width it is bonded 

1 2 3 

6 1,0 1,4 2,0 

10 1,0 1,2 1,4 

20 1,0 1,0 1,0 

NOTE Linear interpolation between the values given in table 5.1 is permissible. 

1) Key 

1 3) 
1) pier 
spacing 
2) pier depth 2) 

3) thickness 
of wall 

r::: 
4) 4) pier width 

Figure 5.2 Diagrammatic view of the definitions used in table 5.1 

(3) effective thickness, tr::r, of a cavity wall in which both leaves are connected with wall ties in 

accordance with 6.5 should be detennined using equation (5.11): 

+ t~ (5.11) 

where: 

t J , t2 are the actual thicknesses of the leaves or their effective thicknesses, calculated from 

equation (5.10), when relevant, and tl is the thickness of the outer or unloaded leaf and t2 is 
the thickness of the inner or loaded leaf; 

ktcf is a factor to allow for the relative E values of the leaves t) and 

NOTE The value of to be used in a country may be found in its National Annex. The recommended value of 
kef (defined as EJ should not be taken to be greater than 2 

(4) \Vhen only one leaf of a cavity wall is loaded, equation (5.11) may be used to calculate the 
effective thickness, provided that the wall ties have sufficient flexibility such that the loaded leaf is 
not affected adversely by the unloaded leaf. In calculating the effective thickness, the thickness of the 
unloaded leaf should not be taken to be greater than the thickness of the loaded leaf. 
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(1)P The slenderness ratio of a masonry wall shall be obtained by dividing the value of the effective 
height, hct) by the value of the effective thickness, tcf' 

(2) The slendenless ratio of the masonry wall should not be greater than when subjected to mainly 
vertical loading. 

5.5.2 Reinforced masonry members subjected to vertical loading 

5.5.2.1 Slenderness ratio 

(1) The slenderness ratio of vertically loaded reinforced masonry members in the plane of the 
member should be determined in accordance with 5.5.1.4 

(2) When calculating the slendenless ratio of grouted cavity walls, the thickness of the wall should 
not be based on a cavity width greater than 100 mm. 

(3) The slenderness ratio of the members should not be greater than 

5.5.2.2 Effective span of masonry beams 

(1) The effective span, Icc, of simply supported or continuous masonry beams, \vith the exception of 
deep bealns, may be taken as the smaller of the following (see figure 5.3): 

the distance between centres of suppOlis; 

the clear distance between supports plus the effective depth, d. 

/\ 

d 

/~-1) ------____________ ~_____________________________________ I 

3) 

( 

Key 

1) reinforcement 
2) t/2 or dl2 whichever is the smaller 

3) ti2 or dl2 whichever is the slnaller 

Figure 5.3 Effective span of simply supported or continuous masonry beams 
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(2) The effective span, lcr' of a masonry cantilever nlay be taken as the smaller of the following (see 

figure 5.4): 

the distance between the end of the cantilever and the centre of its support; 

the distance between the end of the cantilever and the face of the support plus half its effective 
depth, d. 

1) ---- lp---" ..... -'-------~-----

d 

I. 

Key 

1) reinforcement 
t 2) tl2 or d/2 whichever is the smaller 

Figure 5.4 Effective span of masonry cantilever 

(3) effective span of deep nlasonry beams nlay be detenllined according to 

5.5.2.3 Deep masonry beams subjected to vertical loading 

(1) Deep Inasonry beams are vertically loaded walls, or parts of wans, bridging openings, such that 
the ratio of the overall height of the wall above the opening to the effective span of the opening is at 
least 0,5. The effective span of the deep beam may be taken as: 

(5.12) 

where: 

leI is the clear width of the opening, see figure 5.5. 

(2) All the vertical loads acting on that part of the wall situated above the effective span should be 
taken into account, unless the loads can be taken by other nleans, for example, by upper floors acting 
as ties. 

(3) In deternlining the bending moments, the deep beanl may be considered as simply supported 
between supports as shO'wn in figure 5.5. 
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I 

1) reinforcement 

Figure 5.5 - Analysis of a deep masonry beam 

5.5.2.4 Redistribution of internal forces 
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h > fef I 2 

(l) In reinforced Inasonry members, the linear elastic distribution of internal forces n1ay be modified, 
assuming equilibriuln, if the melnbers have sufficient ductility, which can be assumed if the ratio of 
the depth of the neutral axis, x, to the effective depth, d, does not exceed 0,4 before redistribution of 
moments has been catTied out. The influence on all aspects of a design fron1 any redistribution of 
mOll1ents should be taken into account in accordance with EN 1992-1-1. 

5.5.2.5 Linliting span of reinforced masonry members subjected to bending 

(l) The span of reinforced masonry n1embers should be limited to the appropriate value obtained 
fron1 table 5.2. 
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Table 5.2 - Limiting ratios of effective span to effective depth for walls subjected to out-of
plane bending and beams 

Ratio of effective span to effective depth (leld) or 

effective thickness (leltef) 

Wall subjected to out-of-
I Beam 

plane bending 
! 

Sin1ply supported 35 20 

Continuous 45 26 

Spanning in two directions 45 -

Cantilever 18 7 

NOTE For free-standing walls not forming part of a building and subjected predominantly to wind loads, 
the ratios may be increased by 30 %, provided such walls have no applied finish which may be damaged by 
deflections. 

(2) In simply supported or continuous members, the clear distance between lateral restraints, In 
should not exceed: 

Ir ~ 250 b; , whichever is the lesser 
d 

where: 

d is the effective depth of the member; 

be is the width of the compression face l11idway between restraints. 

(5.13) 

(5.14) 

(3) For a cantilever with lateral restraint provided only at the support, the clear distance from the end 
of the cantilever to the face of the support, II', should not exceed: 

Ir ~ 100 b; whichever is the lesser; 
d 

where: 

be is taken at the face of the support. 

5.5.3 Masonry shear walls subjected to shear loading 

(5.15) 

(5.16) 

(1) When analysing masonry walls subjected to shear loading, the elastic stiffness of the walls, 
including any flanges, should be used as the stiffness of the wall. For walls higher than twice their 
length, the effect of shear deformations on the stiffness can be neglected. 
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(2) An intersecting wall, or a portion of such a wall, may be considered to act as a flange to a shear 
wall provided that the cOlUlection of the shear wall to the flange is able to resist the corresponding 
shearing actions, and provided the flange will not buckle within the length assunled. 

(3) The length of any intersecting wall, which may be considered to act as a flange (see figure 5.6), is 
the thickness of the shear wall plus, on each side of it - where appropriate - the least of: 

hto /5, where htot is the overall height of the shear wall; 

half the distance between shear walls (Is), when connected by the intersecting wall; 

the distance to the end of the wall; 

half the clear height (h); 

six times the thickness of the intersecting wall, t. 

(4) In intersecting walls, openings with dimensions smaller than hl4 or 1I4 may be disregarded. 
Openings with dilnensions greater than hl4 or 1I4 should be regarded as nlarking the end of the wall. 

Key 

2) 

1) the lesser of 

htot 15 

Is 12 

hl2 

6t 

2) intersecting wall 
3) shear wall 

Figure 5.6 - Flange widths that can be assumed for shear walls 

(5) If the floors can be idealised as rigid diaphragms, the horizontal forces may be distributed to the 
shear walls in proportion to their stiffness. 

(6)P Where the plan arrangenlent of the shear walls is asymnletric, or for any other reason the 
horizontal force is eccentric to the overall stiffness centre of the structure, account shall be taken of 
the effect of the consequent rotation on the individual walls (torsional effects). 

(7) If the floors are not sufficiently rigid when considered as horizontal diaphragnls (for example, 
precast concrete units which are not inter-connected) horizontal forces to be resisted by the shear 
walls should be taken to be the forces from the floors to which they are directly connected, unless a 
semi rigid analysis is carried out. 
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(8) The lTIaximunl horizontal load on a shear wall may be reduced by up to 15 % provided that the 
load on the parallel shear walls is correspondingly increased. 

(9) When deriving the relevant design load that assists shear resistance, the vertical load applied to 
slabs spanning in two directions nlay be distributed equally onto the supporting wans; in the case of 
floor or roof slabs spanning one way, a 45° spread of the load may be considered in deriving the 
axial load, at the lower storeys, on the walls not directly loaded. 

(10) The distribution of shear stress along the compressed part of a wall may be assunled to be 
constant. 

5.5.4 Reinforced masonry members subjected to shear loading 

(l) In calculating the design shear load in reinforced nlasonry lTIembers with uniformly distributed 
loading, it may be assumed that the maXilTIUm shear load occurs at a distance dl2 from the face of a 
support, where d is the effective depth of the member. 

(2) When taking the maxinlunl shear load at dl2 from the face of a support, the following conditions 
should be satisfied: 

the loading and support reactions are such that they cause diagonal conlpression in the member 
(direct support); 

at an end support, the tension reinforcement required at a distance 2,5 d frOITI the face of the 
support is anchored into the support; 

at an intermediate support, the tension reinforcement required at the face of the support extends 
for a distance at least 2,5 d, plus the anchorage length, into the span. 

5.5.5 Masonry wal1s subjected to lateral loading 

(1) When analysing masonry walls subjected to lateral loading, allowance should be nlade in the 
design for the foHowing: 

the effect of danlp proof courses; 

support conditions and continuity over supports. 

(2) A faced wall should be analysed as a single-leaf wall constructed entirely of the units giving the 
lower flexural strength. 

(3) A movement joint in a wall should be treated as an edge across which moment and shear l11ay not 
be transmitted. 

NOTE Some specialised anchors are designed to transmit moment and/or shear across a movement joint; their use is 
not covered in this standard. 

(4) The reaction along an edge of a wall due to the load may be assumed to be uniforully distributed 
when designing the means of support. Restraint at a support lTIay be provided by ties, by bonded 
masonry returns or by floors or roofs. 
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(5) Where laterally loaded walls are bonded (see 8.1.4) to vertically loaded walls, or where 
reinforced concrete floors bear onto them, the support may be considered as being continuous. A 
damp-proof course should be considered as providing simple support. Where walls are connected to 
a vertically load bearing wall or other suitable structure by ties at the vertical edges, partial moment 
continuity at the vertical sides of the wall may be assumed, if the strength of the ties is verified to be 
sufficient. 

(6) In the case of cavity walls, full continuity may be assulned even if only one leaf is continuously 
bonded across a support, provided that the cavity wall has ties in accordance with 6.3.3. The load to 
be transmitted from a wall to its support may be taken by ties to one leaf only, provided that there is 
adequate connection between the two leaves (see 6.3.3) particularly at the vertical edges of the walls. 
In all other cases, partial continuity may be assumed. 

(7) When the wall is supported along 3 or 4 edges, the calculation of the applied Inoment, MEdi, may 

be taken as: 

when the plane of failure is parallel to the bed joints, i. e. in the.fxkl direction: 

M Edl a l WEd [2 per unit length of the wall (5.17) 

or, 

when the plane of failure is perpendicular to the bed joints, i. e. in the /xk2 direction: 

a 2 TYEd [2 per unit height of the wall (5.18) 

where: 

a], a2 are bending moment coefficients taking account of the degree of fixity at the edges of 

the walls, the height to length ratio of the walls; they can be obtained from a suitable 
theory; 

[ is the length of the wall; 

is the design lateral load per unit area. 

NOTE Values of the bending coefficient al and a2 may be obtained from Annex E for single leaf walls with a 

thickness less than or equal to 250 mm, where a] = J-1 a2 

where: 
!l is the orthogonal ratio of the design flexural strengths of the masonry, 

Ixdl/ hd2, see 3.6.3 see~6.3.1(4)@1] or f~dl 
see ~ 6.6.2(9)@1]; 

(8) The bending moment coefficient at a damp proof course may be taken as for an edge over which 
full continuity exists when the design vertical stress on the damp proof course equals or exceeds the 
design tensile stress caused by the moment arising due to the action. 

(9) When the wall is supported only along its bott01n and top edges, the applied I1loment may be 
calculated from nonnal engineering principles, taking il1to account any continuity. 
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~(1 0) In a lateral1y loaded panel or free standing wall built of masonry set in mortar designations M2 
toM20, and designed in accordance with 6.3, the dimensions should be limited to avoid undue 
movements resulting fronl deflections, creep, shrinkage, temperature effects and cracking. 

NOTE The lim.iting values may be obtained from Annex F. ~ 

(11) When irregular shapes of walls, or those with substantial openings, are to be designed, an 
analysis, using a recognized method of obtaining bending moments in flat plates, for example, finite 
eletnent method or yield line analogy may be used, taking into account the anisotropy of masonry 
when appropriate. 

Section 6 Ultimate Limit State 

6.1 Unrein forced masonry walls subjected to mainly vertical loading 

6.].1 Genera I 

(I)P The resistance of masonry walls to vertical loading shall be based on the geometry of the wall, 
the effect of the applied eccentricities and the tnaterial properties of the nlasonry. 

(2) In calculating the vertical resistance of masonry walls, it tnay be assumed that: 

plane sections renlain plane; 

the tenslle strength of masonry perpendicular to bed joints is zero. 

6.1.2 Verification of unreinforced masonry walls subjected to mainly vertical loading 

6.1.2.1 General 

(1)P At the ultitnate limit state, the design value of the vertical load applied to a masonry wall, NEd' 

shall be less than or equal to the design value of the vertical resistance of wall, NRd, such that: 

(6.1 ) 

(2) The design value of the vertical resistance of a single leaf wall per unit length, NRd, is given by: 

N Rd <t> t f~ (6.2) 

where: 
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(/J is the capacity reduction factor, (/Ji' at the top or bottom of the wall, or (/Jm' in the middle of 

the wa1l, as appropriate, allowing for the effects of slenderness and eccentricity of loading, 
obtained from 6.1.2.2; 

t is the thickness of the wall; 

./d is the design cOlnpressive strength of the masonry, obtained from 2.4.1 and 3.6.1. 



BS EN 1996-1-1:2005 
EN 1996-1-1 :2005 (E) 

(3) Where the cross-sectional area of a wall is less than 0,1 m2, the design compressive strength of 
the masonry,j~, should be multiplied by the factor: 

(0) + 3 A) (6.3) 

where: 

A is the loaded horizontal gross cross-sectional area of the wall, expressed in square Inetres. 

(4) For cavity walls, each leaf should be verified separately, using the plan area of the loaded leaf 
and the slenderness ratio based upon the effective thickness of the cavity wall, calculated according 
to equation (5.11). 

(5) A faced wall, should be designed in the same manner as a single-leaf wall constructed entirely of 
the weaker units, using the value of K, from table 3.3, appropriate to a wall with a longitudinal 
mortar joint. 

(6) A double-leaf wall, tied together according to clause 6.5 may be designed as a single-leaf wall, if 
both leaves have a load of sinlilar Inagnitude, or, alternatively, as a cavity wall. 

(7) When chases or recesses are outside the limits given in clause 8.6, the effect on loadbearing 
capacity should be taken into account as follows: 

vertical chases or recesses should be treated either as a wall end or, alternatively, the residual 
thickness of the wall should be used in the calculations of the design vertical load resistance; 

horizontal or inclined chases should be treated by verifying the strength of the wall at the chase 
position, taking account of the load eccentricity. 

NOTE As a general guide the reduction in vertical loadbearing capacity may be taken to be proportional to the 
reduction in cross-sectional area due to any vertical chase or recess, provided that the reduction in area does not exceed 
25 %. 

6.1.2.2 Reduction factor for slenderness and eccentricity 

(l) The value of the reduction factor for slenderness and eccentricity, (jJ, nlay be based on a 
rectangular stress block as follows: 

(i) At the top or botton1 of the wall ( (jJJ 

<Dj=I 

where: 

2!i 
t 

(6.4) 

ej is the eccentricity at the top or the bottoln of the wall, as appropriate, calculated using the 

equation (6.5): 

+ e jnit ~ 0,05 t (6.5) 
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~d is the design value of the bending monlent at the top or the bottom of the wall resulting 

from the eccentricity of the floor load at the support, analysed according to 5.5.] (see 
figure 6.1); 

N id is the design value of the vertical load at the top or bottoln of the wall; 

ehc is the eccentricity at the top or bottom of the wall, if any, resulting from horizontal loads 

(for exanlple, wind); 

~einit is the initial eccentricity with a sign that increases the absolute value of e j (see 1.1 );@1] 

t is the thickness of the walL 

h 
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i 
i 
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.. 1Y2d 

'---+----r .......................... . 

1) 

·~-2) 

1) MId (at underside of floor) 
'-----+----...................... .. 

2) Mmd (at mid height of wall) 

3) M2d (at top of floor) 

Figure 6.1 Moments from calculation of eccentricities 

(1j) In the Iniddle of the wall height ( ~11) 

~ By using a simplification of the general principles given in 6.1.1, the reduction factor within the 
middle height of the wall ~n' nlay be determined using emk, where: @1] 
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emk is the eccentricity at the middle height of the wall, calculated using equations (6.6) and 

(6.7): 

(6.6) 
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(6.7)@il 

em is the eccentricity due to loads; 

~l1d is the design value of the greatest tllOment at the middle of the height of the wall 

resulting from the moments at the top and botton1 of the wall (see figure 6.1), including 
any load applied eccentrically to the face of the wall (e. g. brackets); 

~l1d is the design value of the vertical load at the middle height of the wall, including any 

load applied eccentrically to the face of the wall (e. g. brackets); 

ehm is the eccentricity at mid-height resulting from horizontal loads (for example, wind); 

NOTE The inclusion of ehm depends on the load combination being used for the verification; its 
that of ~l1d/Nmd should be taken into account. 

relative to 

is the initial eccentricity with a sign that increases the absolute value of em (see 5.5.1.1 );@il 

is the effective height, obtained from 5.5.1.2 or the appropriate restraint or stiffening 

condition; 

tef is the effective thickness of the wall, obtained froill 5.5.1.3; 

ek is the eccentricity due to creep, calculated fron1 the equation (6.8): 

(6.8) 

¢CIJ is the final creep coefficient (see note under 3.7.4(2) 

~NOTE ~11' may be determined from Annex using emk as expressed above. @il 

(2) For walls having a slendelness ratio of Ac or less, the creep eccentricity, ek Illay be taken as zero. 

NOTE The value of Ae to be used in a country may be found in its National Annex, the recommended value of Ae 
is 15. The country can make a distinction for different types of masonry related to the national choices made on the final 
creep coeflicient. 

6.1.3 Walls subjected to concentrated loads 

(l)P The design value of a concentrated vertical load, NEdC' applied to a masonry wall, shall be less 

than or equal to the design value of the vertical concentrated load resistance of the wall, NRdc' such 

that 

N Edc :::; N Rdc (6.9) 

(2) \Vhen a wall, built with Group I masonry units and detailed in accordance with section 8, other 
than a shell bedded wall, is subjected to a concentrated load, the design value of the vertical load 
resistance of the wall is given by: 
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N Rde f3 fd 

where: 

f3 = (1 + 0,3 ~J (1,5 - 1,1 Ab J 
he Acf 

which should not be less than 1,0 nor taken to be greater than: 

1,25 + or 1,5 whichever is the lesser 
2 he 

where: 

f3 is an enhancenlent factor for concentrated loads; 

(6.10) 

(6.11) 

a l is the distance fronl the end of the wall to the nearer edge of the loaded area (see figure 

6.2); 

hc is the height of the wall to the level of the load; 

Ab is the loaded area; 

Acf is the effective area of bearing, i. e. lcfm . t; 

t 

is the effective length of the bearing as determined at the mid height of the wall or pier 
(see figure 6.2); 

is the thickness of the wall, taking into account the depth of recesses in joints greater 
than 5 lUlU; 

is not to be taken greater as 0,45. 

NOTE Values for the enhancement factor for j3 are shown in graphical form in Annex H. 
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Figure 6.2 Walls subjected to concentrated load 
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(3) For walls built with Groups 2, 3 and Group 4 masonry units and when shell bedding is used, it 
should be verified that, locally under the bearing of a concentrated load, the design compressive 
stress does not exceed the design cOlnpressive strength of masonry,f~ ( i.e. f3 is taken to be~l ,O).@.il 

(4) The eccentricity of the load from the centre line of the wall should not be greater than tl4 (see 
figure 6.2). 

(5) In all cases, the requirements of 6.1.2.1 should be n1et at the middle height of the wall below the 
bearings, including the effects of any other superimposed vertical loading, particularly for the case 
where concentrated loads are sufficiently close together for their effective lengths to overlap. 

(6) The concentrated load should bear on a Group I unit or other solid material of length equal to the 
required bearing length plus a length on each side of the bearing based on a 60° spread of load to the 
base of the solid n1aterial; for an end bearing the additional length is required on one side only. 

(7) Where the concentrated load is applied through a spreader beam of adequate stiffness and of 
width equal the thickness of the wall, height greater than 200 lnm and length greater than three tin1es 
the bearing length of the load, the design value of the con1pressive stress beneath the concentrated 
load should not exceed 1,5 .~. 
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6.2 Unreinforced masonry walls subjected to shear loading 

(1)P At the ultilTIate limit state the design value of the shear load applied to the masonry wall, VEd , shall 

be less than or equal to the design value of the shear resistance of the wall, VRd, such that: 

(6.12) 

(2) The design value of the shear resistance is given by: 

(6.13) 

where: 

.f~d is the design value of the shear strength of masonry, obtained frOlTI 2.4.1 and 3.6.2, 

based on the average of the vertical stresses over the compressed part of the wall that is 
providing the shear resistance; 

t is the thickness of the wall resisting the shear; 

Ic j s the length of the compressed part of the wall, ignoring any part of the wall that is in 

tension. 

(3) The length of the compressed part of the wall, Ic' should be calculated assuming a linear stress 

distribution of the compressive stresses, and taking into account any openings, chases or recesses; 
any portion of the wall subjected to vertical tensile stresses should not be used in calculating the area 
of the wall to resist shear. 

(4)P The connections between shear walls and flanges of intersecting walls shall be verified for 
vertical shear. 

(5) The length of the compressed part of the wall should be verified for the vertical loading applied 
to it and the vertical load effect of the shear loads. 

6.3 Unreinforced masonry walls subjected to lateral loading 

6.3.1 General 

(1)P At the ultinlate limit state, the design value of the nloment applied to the nlasonry wall, M Ed 

(see 5.5.5), shall be less than or equal to the design value of the moment of resistance of the wall, 
MRd , such that: 

M Ed :S;MRd (6.14) 

(2) The orthogonal strength ratio, Ji, of the masonry should be taken into account in the design. 

(3) The design value of the lateral moment of resistance of a masonry wall, M Rd, per unit height or 

length, is given by: 

M Rd = IXd Z (6.15) 
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where: 

fxd is the design flexural strength appropriate to the plane of bending, obtained from 3.6.3, 

6.3.1 (4) or 6.6.2 (9); 

Z is the elastic section modulus of unit height or length of the walL 

(4) When a vertical load is present, the favourable effect of the vertical stress may be taken into 
account either by: 

or 

(i) using the apparent flexural strength,.f~dl,app, given by equation (6.16), the orthogonal ratio used 

in (2) above being 1110dified accordingly. 

fx.d"app fxdl + ad (6.16) 

where: 

fxd 1 is the design flexural strength of masonry with the plane of failure parallel to the bed 

joints, see 3.6.3; 

ad is the design cOll1pressive stress on the wall, not taken to be greater than 0,2.ftt 

(ii) by calculating the resistance of the wall using fonl1ula (6.2) in which (/J is replaced by (/In, 
taking into account the flexural strength,.f~dl' 

NOTE This Part does not include a method of calcu1ating ¢n including flexural strength. 

(5) In assessing the section modulus of a pier in a wall, the outstanding length of flange from the face 
of the pier should be taken as the lesser of: 

hll 0 for walls spam1ing vertically between restraints; 

hl5 for cantilever walls; 

half the clear distance between piers; 

where: 

h is the clear height of the walL 

(6) In a cavity wall, the design lateral load per unit area, WEd> tnay be apportioned between the two 

leaves provided that the wall ties, or other connectors between the leaves, are capable of transmitting 
the actions to which the cavity wall is subjected. The apportionment between the two leaves may be 
in proportion either to their strength (i. e. using MRd), or the stiffness of each leaf. When using the 

stiffness, each leaf should then be verified for its proportion of MEd. 
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(7) If a wan is weakened by chases or recesses outside the limits given in clause 8.6, this weakening 
should be taken into account when determining the load bearing capacity by using the reduced 
thickness of the wall at the chase or recess position. 

6.3.2 Walls arching between supports 

(l)P At the ultimate limit state, the design lateral load effect due to arch action in a wall shall be less 
than or equal to the design load resistance under an arch action and the design strength of the 
supports for the arch shall be greater than the effect of the design lateral load. 

(2) A n1asonry wall built solidly between supports capable of resisting an arch thrust may be 
designed assuming that a horizontal or vertical arch develops within the thickness of the wall. 

(3) Analysis may be based on a three-pin arch, when the bearing of the arch trust at the supports and 
at the central hinge should be assumed as 0,1 tin1es the thickness of the wall, as indicated on 
figure 6.3. If chases or recesses occur near the thrust-lines of the arch, their effect on the strength of 
the masonry should be taken into account. 

v 

Figure 6.3 - Arch assumed for resisting lateral loads (diagramnlatic) 

(4) The arch thnlst should be assessed from knowledge of the applied lateral load, the strength of the 
Inasonry in compression, the effectiveness of the junction between the wall and the support resisting 
the thrust and the elastic and tilne dependent shortening of the wall. The arch thrust may be provided 
by a vertical load. 

(5) The arch rise, r, is given by equation (6.17): 

r = 0,9 t - da (6.17) 

where: 

t is the thickness of the wall, taking into account the reduction in thickness resulting from 
recessed joints; 

da is the deflection of the arch under the design lateral load; it may be taken to be zero for 

walls having a length to thickness ratio of 25 or less. 

(6) The lTIaxin1UlTI design arch thrust per unit length of wall, Nad, n1ay be obtained from equation 

(6.18): 
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where: 

Nad is the design arch trust; 

q is the design lateral strength per unit area of wall,' lat,d 

t is the thickness of the wall; 
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(6.18) 

(6.19) 

f~ is the design compressive strength of the masonry in the direction of the arch thrust, 
obtained from clause 3.6.1; 

fa is the length or the height of the wall between supports capable of resisting the arch 

thrust 

provided that: 

any damp proof course or other plane of low frictional resistance in the wall can transmit the 
relevant horizontal forces; 

the design value of the stress due to vertical load is not less than 0,1 N/nlm2; 

the slenden1ess ratio ~ in the considered direction @1] does not exceed 20. 

6.3.3 Wa)]s subjected to wind loading 

(l) Walls subjected to wind loading should be designed using 5.5.5, 6.3.1 and 6.3.2, as relevant. 

6.3.4 'Valls subjected to lateral loading from earth and water 

(1) Walls subject to lateral earth pressure with/or without vertical loads, should be designed using 
5.5.5, 6.1.2, 6.3.1 and 6.3.2, as relevant. 

NOTE 1 The flexural strength of masonry fxkl should not be used in the design of walls subjected to lateral earth 
pressure. 

NOTE 2 A simplified method for designing basement walls subjected to lateral earth pressure is given in EN 1996-3. 

6.3.5 Walls subjected to lateral loading from accidental situations 

(1) Walls subjected to horizontal accidental loads, other than those resulting from seismic actions 
(for example, gas explosions), may be designed in accordance with 5.5.5, 6.1.2, 6.3.1, and 6.3.2, as 
relevant. 

73 



BS EN 1996-1-1 :2005 
EN 1996-1-1 :2005 (E) 

6.4 Unreinforced masonry ,valls subjected to combined vertical and lateral loading 

6.4.1 General 

(1) Ulu"elnforced masonry walls that are subjected to both vertical and lateral loading may be verified 
by using anyone of the methods given in 6.4.2, 6.4.3 or 6.4.4, as appropriate. 

6.4.2 Method using $ factor 

(1) By using the relevant value of the eccentricity due to horizontal actions, ~ ehe @il or ehnv 

according to 6.1.2.2(1) (i) or (ii), a slenderness reduction factor, $, that takes into account the 
cOlnbined vertical and horizontal loading, can be obtained, using equations (6.5) and (6.7), for use in 

equation (6.2). 

6.4.3 Method using apparent flexural strength 

(1) 6.3.1 allows the design flexural strength of ll1asonry, j~dl' to be increased by the permanent 

vertical load to an apparent flexural strength,ixdl,app, for use with the verification given in that part. 

6.4.4 Method using equivalent bending moment coefficients 

(1) Equivalent bending moments may be obtained from a cOlnbination of 6.4.2 and 6.4.3, to allow a 
combined calculation of vertical and horizontal loading. 

NOTE Annex I gives a method of modifying the bending moment coefficient, a, as described in 5.5.5, to a]]ow for 
both veliical and horizontal loads. 

6.5 Ties 

(1)P For calculation of the structural resistance of ties, the combination of the following shall be 
taken into account: 

differential movenlent between the connected structural nlembers, typically faced wall and 
backing leaf, e. g. due to temperature differences, changes of moisture and actions; 

horizontal wind action; 

force due to interaction of leaves in cavity walls. 

(2)P In determining the structural resistance of the ties, account shall be taken of any deviations froin 
straightness and to any impairment of the nlaterial including the risk of brittle failure due to the 
successive defonnations to which they are subjected during and after the execution. 

(3)P Where walls, especially cavity walls and veneer walls are subjected to lateral wind loads, the 
wall ties connecting the two leaves shall be capable of distributing the wind loads from the loaded 
leaf to the other leaf, backing wall or support. 

(4) The Ininitnum number of wall ties per unit area, nt, should be obtained fronl equation (6.20): 

(6.20) 
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but not less than according to 8.5.2.2. 

where: 

WEd ~is the@]] design value of the horizontal load, per unit area, to be transferred; 

Fd is the design compressive or tensile resistance of a wall tie, as appropriate to the design 

condition. 

NOTE J EN 845-1 requires that a manufacturer declares the strength of the ties; the declared value should be divided 
by rM to obtain the design value. 

NOTE 2 The selection of wall ties should allow differential movement to take place between the leaves, without 
causing damage. 

(5) In the case of a veneer wall, WEd' should be calculated on the basis that the wan ties are required 

to transmit an of the design horizontal wind load acting on the veneer wall to the backing structure. 

6.6 Reinforced masonry members subjected to bending, bending and axial loading, or 
axial loading 

6.6.1 General 

(l)P The design of reinforced masonry members subjected to bending, bending and axial loading, or 
axial loading, shall be based on the following assun1ptions: 

plane sections remain plane; 

the reinforcement is subjected to the same variations in strain as the adjacent masonry; 

the tensile strength of the n1asonry is taken to be zero; 

the tnaximum compressive strain of the masonry is chosen according to the nlaterial; 

the maxinlum tensile strain in the reinforcelnent is chosen according to the material; 

the stress-strain relationship of masonry is taken to be linear, parabolic, parabolic rectangular or 
rectangular (see 1); 

the stress-strain relationship of the reinforcen1ent is obtained from EN 1992-1 1; 

for cross-sections not fully in compression, the lin1iting compressive strain is taken to be not 
greater than £;nu = -0,0035 for Group 1 units and Gmu -0,002 for Group 3 and 4 units (see 

figure 3.2). 

(2)P The deforn1ation properties of concrete infill shall be assumed to be as for nlasonry. 

(3) The design compressive stress block for masonry or concrete infill may be based 011 figure 3.2, 
whereh is the design compressive strength of masonry, in the direction of loading, or concrete infill. 
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(4) When a compression zone contains both masonry and concrete infill, the compressive strength 
should be calculated using a stress block based on the compressive strength of the weakest materia1. 

6.6.2 Verification of reinforced masonry members subjected to bending and/or axial loading 

(l )PAt the u16nlate limit state, the design value of the load applied to a reinforced masonry menlber, 
Ed' shall be less than or equal to the design load resistance of the member, Rd, such that: 

(6.21) @l] 

(2) The design resistance of the melnber should be based on the assumptions described in 6.6.1. The 
tensile strain of the reinforcenlent &s should be linlited to 0,01. 

(3) In determining the design value of the moment of resistance of a section, a rectangular stress 
distribution as indicated in figure 6.4 may be assumed as a simplification. 

Ax 

--•• F s Key 

b 1) cross section 
2) strains 

1) 2) 3) 3) internal forces 

Figure 6.4 Stress and strain distribution 

(4) For the case of a singly reinforced rectangular cross-section, subject to bending only, the design 
value of the nloment of resistance, MRd, may be taken as : 

(6.22) 

where, based on the silnplification illustrated in figure 6.4, the lever arm, z, may be taken, for a 
section when the maxinlunl compression and tension are reached together, as: 

Z=dl(1-05 A"fYdJ~095d 
, bd fd ' (6.23) 

where: 

b is the width of the section; 

d is the effective depth of the section; 

is the cross-sectional area of the reinforcement in tension; 
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h is the design compressive strength of nlasonry in the direction of loading, obtained from 

2.4.1 and 3.6.1, or concrete infill, obtained from 2.4.1 and 3.3, whichever is the lesser; 

f' is the design strength of reinforcing steel. . yd 

NOTE For the special case of reinforced masonry cantilever walls subjected to bending, refer to (5), below. 

(5) In determining the design value of the moment of resistance, MRd, of reinforced masonry 
members subject to bending, the design compressive strength,h, in figure 6.4, may be taken over the 

depth from the conlpressed edge of the cross-section, Ax, when the design value of the mOlnent of 
resistance, MRd, in compression, should not be taken to be greater than: 

~ MRd :::; O,4.fct b d2@ilfor Group 1 units other than lightweight aggregate units ( 6.24a) 

and 

~MRd :::; O,3.f~ b d2 @il for Group 2, 3 and 4 and Group 1 lightweight aggregate units. ( 6.24b) 

where: 

.Iei is the design cOlnpressive strength of nlasonry; 

b is the width of the section; 

d is the effective depth of the section; and 

x is the depth to the neutral axis. 

(6) When the reinforcement in a section is concentrated locally such that the nlember cannot be 
treated as a flanged melnber (see 6.6.3), the reinforced section should be considered as having a 
width of not more than 3 times the thickness of the masonry (see figure 6.5). 

t :Q II [J 15Tr~DII D 1=:=111 [J 
\-1) 

Key 

reinforcement 

Figure 6.S - Width of section for nlelnbers with locally concentrated reinforcenlent 

(7) Reinforced nlasonry nlembers with a slenderness ratio, calculated in accordance with 5.5.1.4, 
greater than 12, may be designed using the principles and application rules for unreinforced members 
in 6.1, taking into account second order effects by an additional design moment, Mad: 
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2 

2 000· t 

where: 

NEd is the design value of the vertica1 load; 

her is the effective height of the wall; 

is the thickness of the wall. 

(6.25) 

(8) Reinforced n1asonry n1embers subjected to a small axial force may be designed for bending, only, 
if the design axial stress, ad' does not exceed: 

(6.26) 

where: 

j~ is the design con1pressive strength of masonry. 

(9) In walls reinforced with prefabricated bed joint reinforcement to assist their resistance to lateral 
loads, when the strength of such reinforcement is needed to arrive at a bending moment coefficient a, 
(see 5.5.5), an apparent flexural strength.fxd2,app may be calculated by equating the design moment of 

resistance of the bed joint reinforced section to an unreinforced section of the same thickness, using 
expression (6.27): 

z 
fxd2,app , 

r 
(6.27) 

where: 

j ' is the design strength of the bed J' oint reinforcement; . yd 

j s the cross-sectional area of the bed joint reinforcement in tension, per m; 

is the thickness of the wall; 

z is the lever arm froin equation (6.23). 

6.6.3 Flanged Reinforced Members 

(1) In reinforced menlbers, where the reinforcement is concentrated locally such that the member can 
act as a flanged n1ember, for example with a T or L shape (see figure 6.6), the thickness of the flange, 
tf' should be taken as the thickness of the masonry but in no case greater than 0,5 d, where d is the 

effective depth of the member. The n1asonry between the concentrations of reinforceinent should be 
checked to ensure that it is capable of spanning between the supports so provided. 
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~ t rt +6tf 

lef 12 
beLl = the lesser of 

hl6 

actual width of flange 

b e(t = the lesser of 

tr2 + 12 t f 

I ef 

hl3 

actual width of flange 

~-----------";>i): ~,--_ ___ b-"ef,_t - -----?>i 

d trI 010 0110- olDlo ol[[i 
c:J 

1) 
i<E- --7I) I 

Key 

1) reinforcement 

Figure 6.6 - Effective width of flanges 

where: 

bef,l effective width of a L-shaped flanged member; 

bef,t effective width of aT-shaped flanged member; 

d effective depth of the member; 

h clear height of a masonry wall; 

lef effective distance between lateral restraints; 

if thickness of a flange; 

thickness of a rib, i.". 

(2) The effective width of the flanged members, bef' should be taken as the least of: 

(i) For T -members: 

the actual width of the flange; 

the width of the pocket or rib plus 12 times the thickness of the flange; 

the spacing of the pockets or ribs; 
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- one-third the height of the wall. 

(ii) For L-n1etnbers: 

the actual width of the flange; 

the width of the pocket or rib plus 6 times the thickness of the flange; 

half the spacing of the pockets or ribs; 

one-sixth the height of the wall. 

(3) In the case of flanged members, the design value of the moment of resistance, ~{d' can be 

obtained using equation (6.22) but should not be taken to be greater than: 

(6.28) 

where: 

II is the design compressive strength of the masonry, obtained frol112.4.1 and 3.6.1; 

d is the effective depth of the member; 

t f is the thickness of the flange in accordance with the requirements of (1) and (2); 

b cf is the effective width of the flanged member, in accordance with the requirements of (1 ) 

and (2). 

6.6.4 Deep beams 

(1) In the case of deep bean1s, the design value of the moment resistance, M Rd, can be obtained from 

equation (6.22), 

where: 

is the area of reinforcement in the bottom of the deep bean1; 

is the design strength of the reinforcing steel; @j] 

z is the lever arn1, which should be taken as the lesser of the following values: 

z = 0,7 fcf (6.29) 

or 

= 0,4 h + 0,21ef (6.30) 

lcf is the effective span of the masonry beam; 

h is the clear height of the deep beam. 
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Key 

1) reinforcenlent 

Figure 6.7 - Reinforcement of a deep beam 

(2) The design value of the mOlnent of resistance,MRd, should not be taken to be greater than: 

I§)~d .:::; 0,4 f~ b d2 for Group 1 units other than lightweight aggregate units (6.31a) @1] 

and 

I§)~d .:::; 0,3li b d2 for Group 2, 3 and 4 and Group 1 lightweight aggregate units; (6.31b) 

where: 

b is the width of the beam; 

d is the effective depth of the beam which may be taken as 1,3 z; 

fd is the design compressive strength of the masonry the direction of loading, obtained 

ffoin 2.4.1 and 3.6.1, or concrete infill, obtained fronl 2.4.1 and 3.3, whichever is the 
lesser. 

(3) To resist cracking, reinforcement should be provided in the bed joints above the nlain 
reinforcement, to a height of 0,5 lcf or 0,5 d, whichever is the lesser, from the bottom face of the 

beam (see 8.2.3(3) and figure 6.7). 

(4) The reinforcing bars should be continuous or properly lapped over the full effective span, lef, and 

be provided with the appropriate anchorage length in accordance with 8.2.5. 

(5) The resistance of the compression zone of the deep beam should be verified against buckling, if 
unrestrained, using the method for vertical loading on walls contained in 6.1.2. 

(6) The deep beatn should be verified for vertical loadings in the vicinity of its supports. 
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6.6.5 Composite lintels 

(1) Where reinforced or prestressed prefabricated lintels are used to act conlpositely \vith the 
masonry above the lintel in order to provide the tension element, and where the stiffness of the lintel 
is snlall compared with that of the wall above, the design may be based on 6.6.4, provided that the 
bearing length at each end of the prefabricated lintel is justified by calculation for anchorage and 
bearing, but is not less than 100 mm (see figure 6.8). 

I 
I 
k~ > 100 mm 

1) 

> 100 mm Key 

1) prefabricated lintel 

Figure 6.8 - Composite lintel fornling a deep beam 

6.7 Reinforced masonry members subjected to shear loading 

6.7.1 General 

(I)P At the ultimate limit state the design value of the shear load applied to a reinforced masonry 
mel11ber, VEd• shall be less than or equal to the design value of the shear resistance of the member, 

VRd, such that: 

(6.32) 

(2) The design shear resistance of reinforced masonry members, VRd, may be calculated either by: 

or 

ignoring the contribution of any shear reinforcement incorporated into the member, \vhere the 
minimum area of shear reinforcement, as required by 8.2.3(5), is not provided, 

taking into account the contribution of the shear reinforcenlent, where at least the nlininlum area 
of shear reinforcement is provided. 

(3) The extent of any contribution of concrete infill to the shear resistance of the reinforced l11asonry 
member should be considered, and, where the concrete infill makes a much greater contribution to 
the shear resistance than the nlasonry, EN 1992-1-1 should be used and the strength of the masonry 
should be ignored. 
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6.7.2 Verification of reinforced masonry walls subjected to horizontal loads in the plane of the 
wall 

(1) For reinforced n1asonry walls containing vertical reinforcement, when the contribution of any 
shear reinforcement is being ignored, it should be verified that: 

(6.33) 

where: 

VRd1 is the design value of the shear resistance of unrein forced masonry, and is given by 

(6.34) 

/vd is the design shear strength of masonry, obtained from 2.4.1 and 3.6.2, or concrete infill, 
obtained from 2.4.1 and 3.3, whichever is the lesser; 

is the thickness of the wall; 

I is the length of the wall. 

NOTE Where appropriate, an enhancement in the design shear strength, may be taken into account in the 
calculation of VRdl to allow for the presence of vertical reinforcement. 

(2) For reinforced n1asonry walls containing vertical reinforcement, when horizontal shear 
reinforcement is taken into account, it should be verified that: 

(6.35) 

where: 

VRdl is given by equation (6.34), and 

VRd2 is the design value of the contribution of the reinforcement, given by: 

(6.36) 

Asw is the total area of the horizontal shear reinforcement over the part of the wall being 
considered; 

is the design strength of the reinforcing steel. 

(3) Where shear reinforcelnent is taken into account, it should also be verified that: 

V Rdl + VRd2 :::;; 2,0 Nhnln 2 

t I 
(6.37) 
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where: 

t is the thickness of the wall; 

I is the length or, where appropriate, the height of the wall. 

6.7.3 Verification of reinforced masonry beams subjected to shear loading 

(1) For reinforced lnasonry beams when the contribution of any shear reinforcement is being ignored, 
it should be verified that: 

(6.38) 

where: 

VRdl is given by 

V;~dl /vd b d; (6.39) 

.( is the design shear strength of masonry, obtained fron1 2.4.1 and 3.6.2, or concrete infil1, ./vd 

obtained fr01D 2.4.1 and 3.3, whichever is the lesser; 

b is the minimunl width of the beam over the effective depth; 

d is the effective depth of the beam. 

NOTE Where required, an enhancement in the design shear strength, fvdl may be taken into account in the 
calculation of VRdl to allow for the presence oflongitudinal reinforcement, see Annex 1. 

(2) The value of.fvd for use in determining V Rd I' at a section ax from the face of a support, may be 

increased by a factor 

2d 
4 (6.40) 

where: 

d is the effective depth of the beam; 

ax is the distance from the face of the support to the cross-section being considered; 

provided that the increased value ofivd is not taken to be greater than 0,3 N/mm2. 

NOTE See Annex J. 

(3) For masonry bean1s when shear reinforcement is taken into account, it should be verified that: 

(6.41) 

where: 
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d is the effective depth of the beam; 

Asw is the area of shear reinforcen1ent; 

s is the spacing of shear reinforcen1ent; 
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(6.42) @iI 

a is the angle of shear reinforcement to the axis of the beam between 45° and 90°; 

(' is the design strength of the reinforcing steel. ./yd 

(4) It should also be verified that: 

(6.43) 

where: 

.i:J is the design compressive strength of the Inasonry in the direction of loading, obtained 

from 2.4.1 and 3.6.1, or the concrete infill, obtained frotn 2.4.1 and 3.3, whichever is 
the lesser; 

b is the minimum width of the beam within the effective depth; 

d is the effective depth of the beam. 

6.7.4 Verification of deep beams subjected to shear loading 

(1) The verification given in 6.7.3 should be carried out, taking VEd as the shear force at the edge of 

the support, and the effective depth of the beam as d 1,3 z. 

6.8 Prestressed masonry 

6.8.1 General 

( 1) The design of prestressed masonry members should be based on the relevant principles given in 
EN 1992-1-1 with the design requirements and properties of n1aterials as set out in sections 3, 5 and 
6 of this EN 1996-1-1. 

(2) The design principles are applicable to melnbers prestressed in one direction only. 

NOTE In design, the serviceability limit state should be assessed fIrst in bending and then the bending, axial and 
shear strengths should be verified at the ultimate limit state. 

(3)P The initial prestressing force applied shall be limited to an acceptable proportion of the 
characteristic ultimate load of the tendons to ensure safety against tendon failure. 
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NOTE 
losses. 

The partial factor for loads should be obtained from EN 1990 for transfer of prestress and under prestressing 

(4) Loadbearing stresses and lateral bursting tensile forces at anchorages should be lin1ited so as to 
avoid an ultimate load failure condition. Local bearing stresses may be limited by consideration of 
prestressing load acting in either the parallel or perpendicular direction to the bed joints. The 
anchorage design should consider the containment of the bursting tensile forces. The tensile stresses 
in the masonry should be limited to zero. 

(5)P Due allowance shall be l1lade in the design for losses in prestressing forces that can occur. 

(6) Losses in prestressing forces will result from a combination of: 

relaxation of tendons; 

elastic deformation of the masonry; 

n10isture lTIOVelnent of masonry; 

creep of masonry; 

tendon losses during anchoring; 

friction effects; 

thermal effects. 

6.8.2 Verification of Members 

(l)P The design of prestressed masonry members in bending shall be based upon the following 
assulupti ons: 

86 

in the n1asonry, plane sections ren1ain plane; 

the stress distribution over the compressive zone is uniform and does not exceed j~; 

the limiting compressive strain in the masonry is taken as -0,0035, for Group 1 units and -0,002 
for Group 2,3 and 4; 

the tensile strength of the masonry is ignored; 

bonded tendons or any other bonded reinforcement are subject to the same variations in strain as 
the adjacent masonry; 

stresses in bonded tendons or any other bonded reinforcement are derived from the appropriate 
stress-strain relati onsh ip; 

stresses in unbonded tendons in post-tensioned members are limited to an acceptable proportion 
of their characteristic strength; 
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the effective depth to unbonded tendons is determined taking into account any freedo111 of the 
tendons to move. 

(2)P The resistance of prestressed masonry nlembers at the ultimate limit state shall be calculated 
using acceptable theory in which all material behaviour characteristics and second order effects are 
taken into account. 

(3) Where prestressing forces are considered as actions, the partial factors should be obtained from 
EN 1992-1-1. 

(4) When menlbers subjected to ve11icalloading in the plane of the member are of solid rectangular 
cross section, the design method may be as given in 6.1.2 for unreinforced masonry. For non-solid 
rectangular melnbers, geometric properties will need to be calculated. The prestressing of a nlenlber 
nlay need to be linlited depending upon its effective slenderness and axial load carrying capacity. 

(5)P The design shear resistance of prestressed nlasonry members shall be greater than the design 
value of the applied shear load. 

6.9 Confined masonry 

6.9.1 General 

(l)P The design of confined Inasonry menlbers shall be based on similar assumptions to those set out 
for unreinforced and for reinforced masonry members. 

6.9.2 Verification of members 

(l) In the verification of confined masonry nlelnbers subjected to bending and/or axial loading, the 
assumptions given in this EN 1996-1-1 for reinforced masonry mel11bers should be adopted. In 
determining the design value of the moment of resistance of a section a rectangular stress distribution 
may be assumed, based 011 the strength of the masonry, only. Reinforcelnent in compression should 
also be ignored. 

(2) In the verification of confined masonry members subjected to shear loading the shear resistance 
of the member should be taken as the sum of the shear resistance of the masonry and of the concrete 
of the confining elements. In calculating the shear resistance of the masonry the rules for 
unreinforced masonry walls subjected to shear loading should be used, considering for Ie the length 

of the masonry element. Reinforcement of confining elements should not be taken into account. 

(3) In the verification of confined masonry Inenlbers subjected to lateral loading, the assumptions set 
out for unreinforced and reinforced masonry walls should be used. The contribution of the 
reinforcement of the confining elements should be considered. 

Section 7 Serviceability Limit State 

7.1 General 

(l)P A Inasonry structure shall be designed and constnlcted so as not to exceed the Serviceability 
Limit State. 
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(2) Detlections that nlight adversely affect partitions, finishings (including added materials) or 
technical equipnlent, or might ilnpair water-tightness should be checked. 

(3) The serviceability of masonry merrlbers should not be unacceptably impaired by the behaviour of 
other structural elelnents, such as deformations of floors or 'walls. 

7.2 U nreinforced masonry walls 

(I)P Al10wance shall be nlade for differences in the properties of masonry Inaterials so as to avoid 
overstressing or damage where they are inter-connected. 

(2) In unreinforced nlasonry structures the serviceability limit state for cracking and detlection need 
not be checked separately when the lntimate Limit States have been satisfied. 

NOTE 
roofs. 

It should be borne in mind that some cracking could result when the ultimate limit state is satisfied, e. g. 

(3) Dmnage, due to stresses arising from restraints, should be avoided by appropriate specification 
and detailing (see section 8). 

(4)PMasonry walls subjected to lateral wind loads shall not deflect adversely under such loads, or 
accidental contact of persons, nor respond disproportionately to accidental impacts. 

(5) A laterally loaded wall that satisfies the verification under the Ultimate Limit State may be 
considered to satisfy 7.1(1)P ifits dimensions ~ are limited. 

NOTE The ljmiting values may be obtained from Annex F.@il 

7.3 Reinforced masonry members 

(l)P Reinforced ll1asonry menlbers shall not crack unacceptably or deflect excessively under 
serviceability loading conditions. 

(2) Where reinforced masonry ll1embers are sized so as to be within the limiting dimensions given in 
5.5.2.5, it may be assumed that the lateral deflection of a wall and the vertical deflection of a beam 
will be acceptable. 

(3) When the modulus of elasticity is used in calculations of deflections, the long-term nlodulus of 
elasticity, ElongtcrI11' should be applied as obtained from 3.7.2. 

(4) Cracking of reinforced masonry members subjected to bending - e. g. reinforced masonry beams 
will be linlited so as to satisfy the serviceability limit state when the limiting dimensions in 5.5.2.5 
and the detailing requirements in section 8 are followed. 

NOTE Where cover to the tension reinforcement exceeds the minimum requirements given in 8.2.2, the possibility 
of surface cracking may need to be considered. 

7.4 Prestressed masonry merrlbers 

(l)P Prestressed masonry menlbers shall not exhibit flexural cracking nor detlect excessively under 
serviceability loading conditions. 
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(2) Serviceability load conditions at transfer of prestress and under design loads after prestressing 
losses should be considered. Other design cases may exist for specific structural forms and loading 
conditions. 

(3)P The analysis of a prestressed n1asonry men1ber under the serviceability ]in1it state shaH be based 
on the following assumptions: 

in the masonry, plane sections remain plane; 

stress is proportional to strain; 

tensile stress in the masonry is limited so as to avoid excessive crack widths and to ensure 
durability of the prestressing steel; 

the prestressing force is constant after all losses have occurred. 

(4) If the assumptions in (3)P, above, are followed, serviceability limit states wil1 be satisfied, 
although additional deflection verification may need to be carried out. 

7.5 Confined masonry members 

(l)P Confined masonry members shaH not exhibit flexural cracking nor deflect excessively under 
serviceability loading conditions. 

(2)P The verification of confined n1asonry men1bers at the serviceabi1ity limit states shaH be based on 
the assumptions given for unreinforced masonry members. 

7.6 Walls subjected to concentrated loads 

(l) Bearings that satisfy the u1timate lin1it state when verified in accordance with equations (6.9), 
(6.10) or (6.11) may be deemed to satisfy the serviceability limit state. 

Section 8 Detailing 

8.1 Masonry details 

8.1.1 Masonry materials 

(l)P Masonry units shall be suitable for the type of masonry, its location and its durability 
requirements. Mortar, concrete infill and reinforcement shall be appropriate to the type of unit and 
the durability requirelnents. 

~(2)Masonry mortars for use in reinforced masonry, other than bed joint reinforced lnasonry, should 
not have a compressive strength, hl' less than 4 N/mm2

, and for use in bed joint reinforced masonry, 
not less than 2 N/nm12.@1] 

8.1.2 Minimum thickness of wall 

(l)P The Ininimum thickness of a wall shall be that required to give a robust wall. 
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(2) The n1inimum thickness, tmin, of a loadbearing wall should satisfy the outcome of the calculations 
according to this standard. 

~NOTE The value of tmin to be used in a Country may be found in its National Annex. The recOlmnended value 
equals the outcome of the calculations. 

8.1.3 Mininlunl area of wall 

(1)P A load-bearing wall shall have a minimum net area on plan of 0,04 m2, after allowing for any 
chases or recesses. 

8.1.4 Bonding of masonry 

8.1.4.1 Manufactured units 

(l)P Masonry units shall be bonded together with n10rtar in accordance with proven practice. 

(2)P Masonry units in an unreinforced masonry wall shall be overlapped on alternate courses so that 
the wall acts as a single structural elel11ent. 

(3) In unreinforced 111asonry, masonry units less than or equal to a height of 250 mm should overlap 
by a length equal to at least 0,4 ti111es the height of the unit or 40 mm, whichever is the greater (see 
figure 8.1). For units greater than 250 mI11 high, the overlap should be the greater of 0,2 times the 
height of the unit or 100 mm. At corners or junctions, the overlap of the units should not be less than 
the thickness of the units if this would be less than the requirements given above; cut units should be 
used to achieve the specified overlap in the remainder of the wall. 

NOTE The of walls and the size of openings and piers preferably should suit the dimensions of the units so as 
to avoid excessive cutting. 

Key 

{
when hu ::s; 250 mm : overlap 2 0,4 hu or 40 111m, whichever is the greater 

1) overlap 
when hu > 250 n11TI : overlap 2 0,2 hu or 100 n1n1, whichever is the greater 

Figure 8.1 - Overlap of masonry units 

(4) Bonding alTangements not meeting the minimum overlap requirements may be used in reinforced 
masonry where experience or experimental data indicate that they are satisfactory. 

NOTE When a wall is reinforced, the degree of overlap can be determined as part of the design of the reinforcement. 
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(5) Where non-Ioadbearing "valls abut loadbearing walls, allowance for differential deformation due 
to creep and shrinkage should be taken into account. When such walls are not bonded together, they 
should be tied together with suitable connectors allowing for differential defonnations. 

(6) The differential deformation behaviour of materials should be taken into account if different 
materials are to be rigidly connected together. 

8.1.4.2 Dimensioned natural stone units 

(1) Sedimentary and metamorphosed sedimentary natural stone should normally be specified to be 
laid with its bedding planes horizontal or near horizontal. 

(2) Adjacent natural stone lnasonry facing units should overlap by a distance equal to at least 
0,25 times the dimension of the smaller unit, with a minimum of 40 nun, unless other measures are 
taken to ensure adequate strength. 

(3) In walls where the masonry units do not extend through the thickness of the wall, bonding units 
with a length equal to between 0,6 and 0,7 times the thickness of the wall, should be built at a 
spacing not exceeding 1 m, both vertically and horizontally. Such nlasonry units should have a 
height not less than 0,3 tinles their length. 

8.1.5 Mortar joints 

(1) Bed joints and perpend joints made with general purpose and lightweight m011ars should have 
~ an actual thickness @lI not less than 6 mm nor more than 15 mm, and bed and perpend joints made 

with thin layer mortars should have ~ an actual thickness @lInot less than 0,5 mm nor more than 
3 lnm 

NOTE Joints of thickness between 3 mm and 6 mm may be constructed if the 1110liars have been specially developed 
for the particular use, when the design may be based on the use of general purpose mortar. 

(2) Bed joints should be horizontal unless the designer specifies otherwise. 

(3) When units that rely on mortar pockets are used, perpend joints can be considered to be filled if 
mortar is provided to the full height of the joint over a minimum of 40 % of the width of the unit. 
Perpend joints in reinforced Inasonry subject to bending and shear across the joints should be ful1y 
filled with mortar. 

8.1.6 Bearings under concentrated loads 

(l) Concentrated loads should bear on a wall a minimum length of 90 mm or such distance as is 
required from calculations according to 6.1.3, whichever is the greater. 

8.2 Reinforcement details 

8.2.1 General 

(l)P Reinforcing steel shall be located such that it acts compositely with the masonry. 

(2)P Where sinlple supports are assunled in the design, consideration shall be given to the effects of 
any fixity that lnight be provided by the masonry. 
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(3) Reinforcing steel in nlasonry designed as a bending member should be provided over a support 
where the Inasonry is continuous, whether the beam has been designed as continuous or not. Where 
this occurs, an area of steel not less than 50 % of the area of the tension reinforcement required at 
midspan should be provided in the top of the masonry over the support and anchored in accordance 
with 8.2.5.1. In all cases at least % of the reinforcing steel required at midspan should be carried 
through to the support and similarly anchored. 

8.2.2 Cover to reinforcing steel 

(1) To allow bond strength to develop where reinforcing steel, selected ~ according to 4.3.3.(3), @il 
is located in mortar in bed joints: 

the lninimunl depth of nlortar cover from the reinforcing steel to the face of the masonry should 
be 15 lnm (see figure 8.2); 

mortar cover above and below reinforcing steel placed in bed joints should be provided, so that 
the thickness of the joint is at least 5 lnnl greater than the dianleter of the reinforcing steel, for 
general purpose and lightweight mortars. 

NOTE By using grooves in one or both bed faces of the unit, the minimum thickness of mortar around reinforcement 
can be accommodated in a thinner joint. 

Ill' ~ ¢+ 51TIln 
1) 

Key 

I) for general purpose and lightweight l1lortars 

Figure 8.2 - Cover to reinforcing steel in bed joints 

(2) For filled cavity or special bond construction, the minimum cover for reinforcing steel selected 
according 4.3.3 (3) should be 20 mIn for mortar or the concrete cover, as appropriate, or the diameter 
of the bar, whichever is the greater. 

(3) The cut ends of all reinforcing steel, except stainless steel, should have the same minimum cover 
as that appropriate to unprotected carbon steel in the exposure situation being considered, unless 
alternative nleans of protection are used. 

8.2.3 Minimum area of reinforcement 

(1) In reinforced masonry menlbers where reinforcing steel is provided to enhance the strength in the 
plane of the Inember, the area of main steel should not be less than 0,05 % of the effective 
cross-sectional area of the Inember, taken as the product of its effective width and its effective depth. 
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(2) In walls where reinforcing steel is provided in the bed joints to enhance resistance to lateral 
~ (out-of-plane) @illoads, the total area of such reinforcement should not be less than 0,03 % of the 

gross cross-sectional area of the wall (i. e. 0,0 IS % in each face). 

(3) Where reinforcement is provided in bed joints to help control cracking or to provide ductility, the 
total area of the steel should not be less than 0,03 % of the gross cross-sectional area of the wall. 

(4) In reinforced grouted cavity masonry melnbers designed to span in one direction only, secondary 
reinforcing steel should be provided in the direction perpendicular to the main steel principally to 
distribute stresses. The area of this secondary reinforcing steel should not be less than O,OS % of the 
cross-sectional area of the member, taken as the product of its effective width and its effective depth. 

(S) Where shear reinforcing steel is required in the melnber (see 6.7.3), the area of shear 
reinforcenlent should not be less than O,OS % of the cross-sectional area of the menlber, taken as the 
product of its effective width and its effective depth. 

8.2.4 Size of reinforcing steel 

(l)P The n1aximum size of reinforcing steel used shall be such as to enable proper elllbedment in the 
n10rtar or concrete infill. 

(2) Reinforcing steel in bar form should have a minimum dianleter of S mm. 

(3)P The maximum size of reinforcing steel used shall be such that the anchorage stresses, as given 
in 8.2.S, are not exceeded and the cover to the reinforcement, as given in 8.2.2, is Inaintained. 

8.2.5 Anchorage and laps 

8.2.5.1 Anchorage of tension and compression reinforcing steel 

(l)P Reinforcing steel shall be provided with sufficient anchorage length so that the internal forces to 
which it is subjected are transmitted to the mortar or concrete infil1 and that longitudinal cracking or 
spalling of the masonry does not occur. 

(2) Anchorage should be achieved by straight anchorage, hooks, bends or loops as shown in 
figure 8.3. Alternatively stress transfer may be by means of an appropriate mechanical device proven 
by tests. 

(3) Straight anchorage or bends (see figure 8.3 (a) and (b)) should not be used to anchor plain 
reinforcing steel of more than 8 mm diameter. Hooks, bends or loops should not be used to anchor 
reinforcing steel in cOll1pression. 
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a) straight anchorage 

~ 1500 
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d) loop 

Figure 8.3 - Anchorage details 

(4) The straight anchorage length lb required for a bar, assuDling constant bond stress, should be 

obtained from: 

(8.1)@1] 

where: 

¢ is the effective dianleter of the reinforcing steel; 

.( is the design strength of reinforcing steel, obtained from 2.4.1 and 3.4.2; .lyd 

hod is the design anchorage strength of reinforcing steel, obtained from table 3.5 or 3.6 and 

3.6.4, as appropriate, and 2.4.1. 

(5) For bars ended by hooks, bends and loops (see Figure 8.3 (b), (c) and (d)), the anchorage length 
in tension nlay be reduced to 0,7 lb. 

(6) Where a greater area of reinforcing steel is provided than is required by design, the anchorage 
length may be reduced proportionally provided that: 

(i) For reinforcing steel in tension the anchorage length is not less than the greater of: 
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(ii) For reinforcing steel in compression the anchorage length is not less than the greater of: 

lObar diameters, or 

100 mm. 

(7) When anchoring reinforcing bars, transverse reinforcing steel should be provided evenly 
distributed along the anchorage length, with at least one reinforcing steel bar placed in the region of a 
curved anchorage (see figure 8.3 (b), (c) and (d)). The total area of transverse reinforcing steel should 
be not less than 25 % of the area of one anchored reinforcing steel bar. 

(8) Where prefabricated bed joint reinforcetnent is used, the anchorage length should be based on the 
characteristic anchorage bond strength detennined by tests in accordance with EN 846-2. 

8.2.5.2 Lapping of tension and compression reinforcing steel 

(l)P The length of laps shall be sufficient to transmit the design forces. 

(2) The lap length of two reinforcing steel bars should be calculated in accordance with 8.2.5.1, 
based on the smaller of the two bars lapped. 

(3) The lap length between two reinforcing steel bars should be: 

Ib for bars in compression and for bars in tension where less than 30 % of the bars in the section 

are lapped and where the clear distance between the lapped bars in a transverse direction is not 
less than lObar diameters and the concrete or tnortar cover is not less than 5 bar dianleters. 

1,4 Ib for bars in tension where either 30 % or nl0re of the bars at the section are lapped or if the 

clear distance between the lapped bars in a transverse direction is less than lObar diameters or 
the concrete or mortar cover is less than 5 bar diameters. 

2 Ib for bars in tension where both 30 % or tnore of the bars at the section are lapped and the 

clear distance between the lapped bars is less than lObar diameter or the concrete or mortar 
cover is less than 5 bar diameters. 

(4) Laps between reinforcing steel bars should not be located at areas of high stress or where the 
dimensions of a section change, for example, a step in a wall thickness. The clear distance between 
two lapped bars should not be less than two bar diameters or 20 mm whichever is the greater. 

(5) Where prefabricated bed joint reinforcement is used the lap length should be based on the 
characteristic anchorage bond strength detennined by tests in accordance with EN 846-2. 
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8.2.5.3 Anchorage of shear reinforcing steel 

(l) The anchorage of shear reinforcing steel, including stinups, should be effected by ll1eans of 
hooks or bends (see figure 8.3 (b) and ( c)), where appropriate, with a longitudinal reinforcing bar 
provided inside the hook or bend. 

(2) The anchorage is considered to be effective where the curve of the hook is extended by a straight 
length of 5 bar diameters or 50 lnnl, whichever is the greater, and the curve of the bend is extended 
by a straight length of lObar dianleters or 70 mm, whichever is the greater (see figure 8.4). 

/\ I[ 
y \I 

2) 

3f 1) 

Key Key 

1) 10¢or 70Inm, whichever is greater 2) 5¢ or 50mm, whichever is greater 

a) with bends b) with hooks 

Figure 8.4 - Anchorage of shear reinforcement 

8.2.5.4 Curtailment of tension reinforcing steel 

(1) In any menlber subjected to bending, every reinforcing steel bar should extend, except at end 
supports, beyond the point at which it is no longer needed, for a distance equal to the effective depth 
of the menlber or 12 tinles the diameter of the bar, whichever is the greater. The point at which 
reinforcing steel is theoretically no longer needed is where the design resistance moment of the 
section, considering only the continuing bars, is equal to the applied design moment. However, 
reinforcing steel should not be curtailed in a tension zone unless at least one of the following 
conditions is satisfied for all arrangements of design load considered: 

the reinforcing steel bars extend at least the anchorage length appropriate to their design strength 
from the point at which they are no longer required to resist bending; 

the design shear capacity at the section where the reinforcing steel stops is greater than twice the 
shear force due to design loads, at that section; 

the continuing reinforcing steel bars at the section where the reinforcing steel stops provide 
double the area required to resist the bending mOlnent at that section. 

(2) Where there is little or no end fixation for a member in bending, at least 25 % of the area of the 
tension reinforcing steel required at mid-span should be carried through to the suppoli. This 
reinforcement may be anchored in accordance with 8.2.5.1, or by providing: 
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an effective anchorage length equivalent to 12 times the bar diameter beyond the centre line of 
the support, where no bend or hook begins before the centre of the support, 

an effective anchorage equivalent to 12 times the bar diameter plus d/2 fronl the face of the 
support, where d is the effective depth of the member, and no bend begins before d/2 inside the 
face of the support. 

(3) Where the distance from the face of a support to the nearer edges of a principal load is less than 
twice the effective depth, all the main reinforcing steel in a Inember subjected to bending should 
continue to the support and be provided with an anchorage equivalent to 20 tinles the bar dimneter. 

8.2.6 Restraint of compression reinforcing steel 

(I)P Reinforcing steel bars in compression shall be restrained to prevent local buckling. 

(2) In melnbers where the area of longitudinal reinforcing steel is greater than 0,25 % of the area of 
the masonry and any concrete infill, and more than 25 % of the design axial load resistance is to be 
used, links surrounding the longitudinal bars should be provided. 

(3) Where links are required, they should be not less than 4 mm in dimneter or 1/4 of the Inaxilnum 
diameter of the longitudinal bars, whichever is the greater, and the spacing should not exceed the 
least of: 

the least lateral dinlension of the wall; 

300 mm; 

12 tilnes the main bar diameter. 

(4) Vertical reinforcing steel corner bars should be supported by an internal angle at every link 
spacing and this angle should not exceed 1350

• Internal vertical reinforcing bars need only be 
restrained by internal angles at alternate link spacings. 

8.2.7 Spacing of reinforcing steel 

(l)P The spacing of reinforcing steel shall be sufficiently large so as to allo\\! the concrete infill or 
mortar to be placed and compacted. 

(2) The clear distance between adjacent parallel reinforcing steel should not be less than the 
maximum size of the aggregate plus 5 mm, or the bar diameter, or 10 mm whichever is the greater. 

(3) The spacing of tension reinforcement should not exceed 600 n1m. 

(4) When the nlain reinforcing steel is concentrated in cores or pockets of hollow units or small 
pockets fomled by the arrangelnent of units, the total area of main reinforcing steel should not 
exceed 4 % of the gross cross-sectional area of the infill in the core or pocket, except at laps \\!here it 
should not exceed 8 0/0. 
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(5) When a wider spacing than is allowed by (3) is required for the main reinforcing steel to be 
concentrated in purpose arranged pockets, the flanges of the reinforced section should be limited as 
in accordance with ~ 6.6.3 @11 and the spacing may be up to 1,5 m. 

(6) Where shear reinforcing steel is required, the spacing of stirrups should not be greater than 
0,75 x effective depth of the n1en1ber or 300 mm, whichever is lesser. 

(7) Prefabricated bed joint reinforcelnent placed in bed joints should be spaced at 600 n1m, or less, 
centres. 

8.3 Prestressing details 

(1) Detai1ing of prestressing devices should be in accordance with 1992-1-1. 

8.4 Confined masonry details 

(l)P Confined masonry walls shall be provided with vertical and horizontal reinforced concrete or 
reinforced masonry confining elements so that they act together as a single structural men1ber when 
subjected to actions. 

(2)P Top and sides confining elements shall be cast after the masonry has been bui1t so that they will 
be duly anchored together. 

(3) Confining elements should be provided at every floor level, at every interception between walls 
and at both sides of every opening having an area of more that 1,5 m2• Additional confining elen1ents 
may be required in the walls so that the maximuln spacing, both horizontal and vertical is 4 m. 

(4) Confining elen1ents should have a cross-sectional area not less than 0,02 m2, with a minimun1 
dimension of 150 n1n1 in the plan of the wall, and be provided with longitudinal reinforcements with 
a minimum area equivalent to 0,8 % of the cross-sectional area of the confining element, but not less 
than 200 mm2. Stirrups not than 6 n1m diameter, spaced not more than 300 mm should also be 
provided. The detailing of the reinforcements should be in accordance with 8.2. 

(5) In confined Inasonry walls where Group 1 and Group 2 Units are used, the units adjacent to the 
confining elelnents should be overlapped according to the rules prescribed in the clause 8.1.4 for 
bonding of masonry. Alternatively, reinforcement not less than 6 mm diameter bars or equivalent and 
spaced not nl0re than 300 n1n1, duly anchored in the concrete infill and in the lTIortar joints, should be 
adopted. 

8.5 Connection of walls 

8.5.1 Connection of walls to 'floors and roofs 

8.5.1.1 Gen eral 

(l)P Where walls are assumed to be restrained by floors or roofs, the walls shall be cOID1ected to the 
floors or roofs so as to provide for the transfer of the design lateral loads to the bracing elements. 

(2) Transfer of lateral loads to the bracing elen1ents should be made by the floor or roof structure, for 
example, reinforced or precast concrete or tin1ber joists incorporating boarding, provided the floor or 
roof structure is capable of developing diaphragm action, or by a ring beam capable of h-ansferring 
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the resulting shear and bending action effects. Either the frictional resistance of the bearing of 
structural nlembers on masonry walls, or metal straps of suitable end fixing, should be capable of 
resisting the transfer loads. 

(3)P Where a floor or roof bears on a wall, the bearing length shall be sufficient to provide the 
required bearing capacity and shear resistance, allowing for manufacturing and erection tolerances. 

(4) The minimUlTI bearing length of floors or roofs on walls should be as required by calculation. 

8.5.1.2 Connection by straps 

(l)P Where straps are used they shall be capable of trans felTing the lateral loads between the wall 
and the restraining structural element. 

(2) When the surcharge on the wall is negljgible, for example, at a gable wall/roof junction, special 
consideration is necessary to ensure that the connection between the straps and the wall will be 
effective. 

(3) The spacing of straps between walls and floors or roofs should be not greater than 2 1n for 
buildings up to 4 storeys high, and 1,25 m for higher buildings. 

8.5.1.3 Connection by frictional resistance 

(I)P Where concrete floors, roofs or ring beams bear directly on a wall, the frictional resistance shall 
be capable of trans felTing the lateral loads. 

8.5.1.4 Ring ties and ring beams 

(l) When the transfer of lateral loads to the bracing elements is to be achieved by the use of ring 
beams, or ring ties, they should be placed in every floor level or directly below. The ring ties may 
consist of reinforced concrete, reinforced masonry, steel or wood and should be able to support a 
design tensile force of 45 kN. 

(2) When the ring ties are not continuous, additional measures should be undertaken to ensure 
continuity. 

(3) Ring ties nlade of reinforced concrete should contain at least two reinforcing steel bars of at least 
150 mm2• The laps should be designed in accordance with EN 1992-1-1 and staggered, if possible. 
Parallel continuous reinforcement may be considered with their full cross section provided that they 
are situated in floors or window lintels at a distance of not more than 0,5 n1 from the middle of the 
wall and floor, respectively. 

(4) If floors without diaphragm action are used, or sliding layers are put under the floor bearings, the 
horizontal stiffening of the walls should be ensured by ring beams or statically equivalent measures. 

8.5.2 Connection between walls 

8.5.2.1 Intersections 

(1)P Intersecting loadbearing walls shall be joined together so that the required vertical and lateral 
loads can be transfelTed between them. 
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(2) The joint at the intersection of walls should be made either by: 

n1asonry bond (see 8.IA), 

or 

connectors or reinforcement extending into each wall. 

(3) Intersecting loadbearing walls should be erected simultaneously. 

8.5.2.2 Cavity and veneer walls 

(l)P The two leaves of a cavity wall shall be effectively tied together. 

(2) Wall ties connecting together the two leaves of a cavity wall or between a veneer wall and its 
backing wall should be not less than the number calculated according to 6.5, where relevant, nor less 
than n tn1il1 per m2• 

NOTE I The requirements for the use of wall ties are given in EN 1996-2. 

NOTE 2 When connecting elements, for example, prefabricated bed joint reinforcement, are used to connect two 
leaves of a wall together, each tying element should be treated as a wall tie. 

NOTE 3 Values of ntmin for cavity and veneer walls, for use in a country may be found in its National Annex; the 
recOlIDllended value for both is 2. 

8.5.2.3 Double-leaf walls 

(l)P The two leaves of a double-leaf wall shall be effectively tied together. 

(2) Wall ties connecting the two leaves of a double-leaf wall, calculated according to ~6.5(4) @il, 
should have a sufficient cross-sectional area with not less than j connectors per square metre of the 
double-leaf wall, and be evenly distributed. 

NOTE 1 Some forms of prefabricated bed joint reinforcement can also function as ties between the two leaves of a 
double-leafwal1 (see EN 845-3). 

NOTE 2 The value of} for use in a country may be found in its National Annex; the recommended value is 2. 

8.6 Chases and recesses on walls 

8.6.1 General 

(l)P Chases and recesses shall not impair the stability of the wall. 

(2) Chases and recesses should not pass through lintels or other structural iten1s built into a wall nor 
should they be allowed in reinforced n1asonry members unless specifically allowed for by the 
designer. 

(3) In cavity walls, the provision of chases and recesses should be considered separately for each leaf. 
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8.6.2 Vertical chases and recesses 

(l) The reduction in vertical load, shear and flexural resistance resulting froo1 vertical chases and 
recesses may be neglected if such vertical chases and recesses are not deeper than ~tch,v @11; the 
depth of the recess or chase should include the depth of any hole reached when forming the recess or 
chase. If this limit is exceeded, the vertical load, shear and flexural resistance should be checked 
by calculation with the masonry section reduced by the chases or recesses. 

Note The value of ~tch,v 
below are recommended. 

for use in a Country may be found in its National Annex. The values given in the Table 

Sizes of vertical chases and recesses in masonry, allowed without calculation 

Chases and recesses fonned after Chases and recesses formed during constmction 
construction of masonry of masonry 

Thickness of wall max depth max width 
minimum wall thickness 

max width 
remaining 

mm mm Imn mm Imn 

85 - 115 30 100 70 300 

116-175 30 125 90 300 

176-225 30 150 ]40 300 

226 - 300 30 175 175 300 

> 300 30 200 215 300 

NOTE 1 The maximum depth of the recess or chase should include the depth of any hole reached when 
forming the recess or chase. 

NOTE 2 Vertical chases which do not extend more than one third of the storey height above floor level may 
have a depth up to 80 Imn and a width up to 120 mm, if the thickness of the wall is 225 Imn or more. 

NOTE 3 The horizontal distance between adjacent chases or between a chase and a recess or an opening 
should not be less than 225 mm. 

NOTE 4 The horizontal distance between any two adjacent recesses, whether they occur on the same side or 
on opposite sides of the wall, or between a recess and an opening, should not be less than twice the width of 
the wider of the two recesses. 

NOTE 5 The cumulative width of vertical chases and recesses should not exceed 0,13 times the length of 
the walL 

8.6.3 Horizontal and inclined chases 

(I) Any horizontal and inclined chases should be positioned within one eighth of the clear height of 
the wall, above or below a floor. The total depth, including the depth of any hole reached when 
forming the chase, should be less than ~ tch,h @11 providing that the eccentricity in the region of the 
chase is less than t/3. If this limit is exceeded, the vertical load, shear and flexural resistance should 
be checked by calculation taking the reduced cross section into account. 

Note The value of~tch,h@1) for use in a Country may be found in its National Annex. The values 
below are recommended. 

in the Table 
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Sizes of horizontal and inclined chases in masonry, allowed without calculation 

Thickness of wall 

mm 

85 - 115 

116 - 175 

176 - 225 

226 - 300 

over 300 

Unlimited length 

o 
o 
10 

15 

20 

Maximum depth 

nun 

Length s: 1 250 lIDn 

o 
15 

20 

25 

30 

NOTE 1 The maximum depth of the chase should include the depth of any hole reached when forming the 
chase. 

NOTE 2 The horizontal distance between the end of a chase and an opening should not be less than 
500111111. 

NOTE 3 The horizontal distance between adjacent chases of limited whether they occur on the same 
side or on opposite sides of the wall, should be not less than twice the length of the longest chase. 

NOTE 4 In walls of thickness greater than 175 mm, the pennitted depth of the chase may be increased by 
10 111m if the chase is machine cut accurately to the required depth. If machine cuts are used, chases up to 
10 mm deep may be cut in both sides of walls of thickness not less than 225 mm. 

NOTE 5 The width of chase should not exceed half the residual thickness of the wall. 

8.7 Damp proof courses 

(l)P Danlp proof courses shall be capable of transferring the horizontal and vertical design loads 
without suffering or causing damage; they shall have sufficient surface frictional resistance to 
prevent unintended movenlent of the masonry resting on them. 

8.8 Thermal and long term movement 

(1)P Allowance shall be made for the effects of movements such that the performance of the 
masonry is not affected adversely. 

NOTE Information on the allowance for movement in masonry will be found in EN 1996-2. 

Section 9 Execution 

9.1 General 

(l)P All work shall be constructed In accordance with the specified details within pennissible 
deviations. 

(2)P All work shall be executed by appropriately skilled and experienced personnel. 

(3) If the requirelnents of EN 1996-2 are followed, it can be assumed that (l)P and (2)P are satisfied. 
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(1) The overall stability of the structure or of individual walls during construction should be 
considered; if special precautions are needed for the site work, they should be specified. 

9.3 Loading of masonry 

(1 )PMasonry shall not be subjected to load until it has achieved adequate strength to resist the load 
without damage. 

(2) Backfilling against retaining walls should not be carried out until the wall is capable of resisting 
loads from the filling operation, taking account of any compacting forces or vibrations. 

(3) Attention should be paid to walls which are temporarily unrestrained during construction, but 
which may be subjected to wind loads or construction loads, and temporary shoring should be 
provided, if necessary, to n1aintain stability. 
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AnnexA 
(informative) 

Consideration of partial factors relating to Execution 

(1) When a countlY links a class, or classes, of rM from 2.4.3 to execution control, the following 

should be considered in differentiating the class, or classes, of rM: 

the availability of appropriately qualified and experienced personnel, enlployed by the contractor, 
for supervision of the work; 

the availability of appropriately qualified and experienced personnel, independent of the 
contractor's staff, for the inspection of the work; 

NOTE In the case of Design-and-Build contracts, the Designer may be considered as a person independent of the 
construction organisation for the purposes of inspection of the work, provided that the Designer is an appropriately 
qualified person who reports to senior management independently of the site construction team. 
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assesslnent of the site properties of the mortar and concrete infil1; 

the way in which n10rtars are mixed and the constituents are batched, for example, either by 
weight or in appropriate measuring boxes. 
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Method for calculating the eccentricity of a stability core 

(l) When the vertical stiffening elements do not satisfy 5.4(2), the total eccentricity of a stability core 
due to sway, et, should be calculated, in any relevant direction, from: 

(B.1) 

where: 

Md is the design bending mOlnent at the bottom of the core, calculated using the linear 

theory of elasticity 

NEd is the design vertical load at the bottonl of the core, calculated using the linear theory of 
elasticity 

is an additional eccentricity 

is a magnification factor for the rotational stiffness of the restraint of the structural 
element being considered 

(2) The additional eccentricity ec and the magnification factor c.; may be calculated from equations 

(B.2) and (B.3) (see figure B.1): 

~ -,Ir " 

t -" 
, 

~ " ' .. 

~ -" " 
~ 

> "~' ", 
~ 

Figure B.I - Representation of a stability core 

c.; = ----"---- (B.2) 
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Qd ·45 d . 
N ' C 

d 

where: 

is the rotational stiffness of the restraint in Nmnvrad; 

(B.3) 

NOTE 
basement. 

The restraint can be from the foundation - see EN 1997 - or from another part of the structure, e. g. a 

106 

hta! is the total height of the wall or core frOlTI the foundation, in mm; 

de is the largest dimension of the cross section of the core in the bending direction, in nlnl; 

Nd is the design value of the vertical load at the bottom of the core, in N; 

Qd is the design value of the total vertical load, of the part of the building that is stabilized 

by the core being considered. 
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A simplified method for calculating the out-of-plane eccentricity of loading on 
walls 

(1) In calculating the eccentricity of loading on walls, the joint between the wall and the floor may be 
silTIplified by using uncracked cross sections and assuming elastic behaviour of the materials; a 
frame analysis or a single joint analysis may be used. 

(2) Joint analysis may be simplified as shown in figure C.1; for less than four 111enlbers, those not 
existing should be ignored. The ends of the members renlote from the junction should be taken as 
fixed unless they are known to take no moment at all, when they may be taken to be hinged. The end 
moment at node 1, M1, nlay be calculated from equation (C.l) and the end m0111ent at node 2, M2, 

similarly but using~E2I2/h2 instead of E//h 1 @1] in the numerator. 

(C.I)@1] 

where: 

n. is the stiffness factor of members is taken as 4 for members fixed at both ends and 
1 

otherwise 3; 

E j is the modulus of elasticity of menlber i, where i = 1, 3 or 4; 

~ NOTE It will nonnally be sufficient to take the values of E as 1 000 fk for all masonry members. 

Ii 1S the second monlent of area of member i, where iI, 2, 3 or 4 (in the case of a cavity 

wall in which only one leaf is loadbearing, Ii should be taken as that of the loadbearing 

leaf only); @1] 

hi is the clear height of member 1; 

h2 is the clear height of member 2; 

13 is the clear span of member 3; 

14 is the clear span of member 4; 

W3 is the design uniformly distributed load on menlber 3, using the partial factors from 

EN 1990, unfavourable effect; 
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W 4 is the design uniformly distributed load on member 4, using the partial factors from 

EN 1990, unfavourable effect. 

NOTE The simplified frame model used in figure Cl is not considered to be appropriate where timber floor joists 
are used. For such cases refer to (5) below. 

'\ 
\ 

~\ 
4b \ 

NOTE Moment !vf) is found from frame a and moment M2 from frame b 

Figure C.l - Simplified frame diagram 

Key 

Fran1e a 
2 FraIne b 

(3) The results of such calculations will usual1y be conservative because the true fixity, i. e. the ratio 
of the actual mOlnent transmitted by a joint to that which would exist if the joint was ful1y rigid, of 
the floor/wall junction cannot be achieved. It will be pem1issib1e for use in design to reduce the 
eccentricity, obtained from the calculations in accordance with (1) above, by multiplying it by a 

factor, lJ. 

lJ n1ay be obtained experilnentally, or it n1ay be taken as ~(1 - km /4), @j] 
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where: 

E 1 n'l _3_3 +n -) 1 4 

~ km = --E----=--3
1
----'--- :s; 2 

n-l-I+n 
I 7 2 
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sYlnbols have the meaning attributed to them in (2), above. 
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(c.2)@il 

where the 

(4) If the eccentricity calculated in accordance with (2) above is greater than 0,45 times the thickness 
of the wall, the designn1ay be based on (5) below. 

(5) The eccentricity of loading to be used in design may be based on the load being resisted by the 
minimun1 required bearing depth, not taken to be more than 0,1 tilnes the wall thickness, at the face 
of the wall, stressed to the appropriate design strength of the material (see figure C.2). 

NOTE It should be borne in mind that basing the eccentricity on this Annex may lead to sufficient rotation of the 
floor or beam to cause a crack on the opposite side of the wall to that of the load application. 

20,451 

1) 

Key 

I 1) bearing depth :s; 0,1 I 

Figure C.2 Eccentricity obtained from design load resisted by stress block 

(6) When a floor is supported over part of the thickness of a wall, see figure C.3, the moment above 
the floor, MEdu, and the mOlnent below the floor, MEdf, may be obtained fr01n expressions C.3 and 

C.4 below, provided that the values are less than are obtained from (1), (2) and (3) above: 

M Edu = 
(I - 3 a) 

(C.3) 
4 

MEdf = NEdf 

a (I + a) 
(C.4) + 

2 4 
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where: 

110 

NEdu is the design load in the upper wall; 

NEdI' is the design load applied by the floor; 

a is the distance from the face of the wall to the edge of the floor. 

(t-a)l2 

Figure C.3 - Diagram showing the forces when a floor is supported over 
a part of the thickness of a wall 
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(1) This annex gives two graphs, D.l and D.2, one for detennining P3 and the other for detennining 

P4· 

1.0 ..........,.------,-------;--------,--------,-------, 

0.8 1------+-~--+----+-----j------1 

0.6 1------+----"'io;::--"r----I-----i-----1 

0.4 1------+----+----I--------"'~----1 

0.2 L....-__ '---__________ ----' 

o 2 3 4 5 

hll 

Figure D.l- Graph showing values of P3 using equations 5.6 and 5.7 

1.0 ....-------,-------;--------,--------,-------, 

0.8 1-------\---+----+----1------+-------1 

0.6 1---~r-+-+----+----I------+-------1 

0.4 1------+~---+----I------+-------1 

0.2 1------+----+------"~--I------+-------1 

0.0 L....-_----I. __ ----"-__ ----'-__ ---"-__ ......I 

o 2 3 4 5 

hll 

Figure D.2 - Graph showing values of P4 using equations 5.8 and 5.9 
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Annex E 
(infofn1ative) 

Bending moment coefficients, l§)a2@il, in single leaf laterally loaded wall panels 
of thickness less than or equal to 250 mm 

h 

Key 

1) freeedge 
2) silnply supported 
3) fully restrained/continuous edge 

~ 4) moment coefficients in the indicated directions @j] 

Figure E.1 - Key to support conditions used in tables 
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2) 
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Wall support condition hll 

A ,u 0,30 0,50 0,75 1,00 

1,00 0,031 0,045 0,059 0,071 

0,90 0,032 0,047 0,061 0,073 

0,80 0,034 0,049 0,064 0,075 

0,70 0,035 0,051 0,066 0,077 

0,60 0,038 0,053 0,069 0,080 

0,50 0,040 0,056 0,073 0,083 

0,40 0,043 0,061 0,077 0,087 

0,35 0,045 0,064 0,080 0,089 

0,30 0,048 0,067 0,082 0,091 

0,25 0,050 0,071 0,085 0,094 

0,20 0,054 0,075 0,089 0,097 

0,15 0,060 0,080 0,093 0,100 

0,10 0,069 0,087 0,098 0,104 

0,05 0,082 0,097 0,105 0,110 

Wall support condition hi! 

B p 0,30 0,50 0,75 1,00 

1,00 0,024 0,035 0,046 0,053 

0,90 0,025 0,036 0,047 0,055 

0,80 0,027 0,037 0,049 0,056 

0,70 0,028 0,039 0,051 0,058 

0,60 0,030 0,042 0,053 0,059 

0,50 0,031 0,044 0,055 0,061 

0,40 0,034 0,047 0,057 0,063 

0,35 0,035 0,049 0,059 0,065 

0,30 0,037 0,051 0,061 0,066 

0,25 0,039 0,053 0,062 0,068 

0,20 0,043 0,056 0,065 0,069 

0,15 0,047 0,059 0,067 0,071 

0,10 0,052 0,063 0,070 0,074 

0,05 0,060 0,069 0,074 0,077 

Wall support condition hll 

C p 0,30 0,50 0,75 1,00 

1,00 0,020 0,028 0,037 0,042 

0,90 0,021 0,029 0,038 0,043 

0,80 0,022 0,031 0,039 0,043 

0,70 0,023 0,032 0,040 0,044 

0,60 0,024 0,034 0,041 0,046 

0,50 0,025 0,035 0,043 0,047 

0,40 0,027 0,038 0,044 0,048 

0,35 0,029 0,039 0,045 0,049 

0,30 0,030 0,040 0,046 0,050 

0,25 0,032 0,042 0,048 0,051 

0,20 0,034 0,043 0,049 0,052 

0,15 0,037 0,046 0,051 0,053 

0,10 0,041 0,048 0,053 0,055 

0,05 0,046 0,052 0,055 0,057 

1,25 

0,079 

0,081 

0,083 

0,085 

0,088 

0,090 

0,093 

0,095 

0,097 

0,099 

0,102 

0,104 

0,108 

0,113 

1,25 

0,059 

0,060 

0,061 

0,062 

0,064 

0,066 

0,067 

0,068 

0,070 

0,071 

0,072 

0,074 

0,076 

0,079 

1,25 

0,045 

0,046 

0,047 

0,048 

0,049 

0,050 

0,051 

0,052 

0,052 

0,053 

0,054 

0,055 

0,056 

0,058 

BS EN 1996-1-1:2005 
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1,50 1,75 2,00 

0,085 0,090 0,094 

0,087 0,092 0,095 

0,089 0,093 0,097 

0,091 0,095 0,098 

0,093 0,097 0,100 

0,095 0,099 0,102 

0,098 0,101 0,104 

0,100 0,103 0,105 

0,101 0,104 0,107 

0,103 0,106 0,109 

0,105 0,108 0,111 

0,108 0,110 0,113 

0,111 0,113 0,115 

0,115 0,116 0,117 

1,50 1,75 2,00 

0,062 0,065 0,068 

0,063 0,066 0,068 

0,065 0,067 0,069 

0,066 0,068 0,070 

0,067 0,069 0,071 

0,069 0,071 0,072 

0,070 0,072 0,074 

0,071 0,073 0,074 

0,072 0,074 0,075 

0,073 0,075 0,077 

0,074 0,076 0,078 

0,076 0,077 0,079 

0,078 0,079 0,080 

0,080 0,081 0,082 

1,50 1,75 2,00 

0,048 0,050 0,051 

0,048 0,050 0,052 

0,049 0,051 0,052 

0,050 0,051 0,053 

0,051 0,052 0,053 

0,052 0,053 0,054 

0,053 0,054 0,055 

0,053 0,054 0,055 

0,054 0,055 0,056 

0,054 0,056 0,057 

0,055 0,056 0,058 

0,056 0,057 0,059 

0,057 0,058 0,059 

0,059 0,059 0,060 
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Wall support condition 

o 

Wall support condition 

E 

Wall support condition 

F 

114 

p 

1,00 

0,90 

0,80 

0,70 

0,60 

0,50 

0,40 

0,35 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

p 

1,00 

0,90 

0,80 

0,70 

0,60 

0,50 

0,40 

0,35 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

p 

1,00 

0,90 

0,80 

0,70 

0,60 

0,50 

0,40 

0,35 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

0,30 

0,013 

0,014 

0,015 

0,016 

0,017 

0,018 

0,020 

0,022 

0,023 

0,025 

0,027 

0,030 

0,034 

0,041 

0,30 

0,008 

0,009 

0,010 

0,011 

0,012 

0,014 

0,017 

0,018 

0,020 

0,023 

0,026 

0,032 

0,039 

0,054 

0,30 

0,008 

0,008 

0,009 

0,010 

0,011 

0,013 

0,015 

0,016 

0,018 

0,020 

0,023 

0,027 

0,032 

0,043 

0,50 0,75 

0,021 0,029 

0,022 0,031 

0,023 0,032 

0,025 0,033 

0,026 0,035 

0,028 0,037 

0,031 0,039 

0,032 0,040 

0,034 0,041 

0,035 0,043 

0,038 0,044 

0,040 0,046 

0,043 0,049 

0,048 0,053 

0,50 0,75 

0,018 0,030 

0,019 0,032 

0,021 0,035 

0,023 0,037 

0,025 0,040 

0,028 0,044 

0,032 0,049 

0,035 0,052 

0,038 0,055 

0,042 0,059 

0,046 0,064 

0,053 0,070 

0,062 0,078 

0,076 0,090 

0,50 0,75 

0,016 0,026 

0,017 0,027 

0,018 0,029 

0,020 0,031 

0,022 0,033 

0,024 0,036 

0,027 0,039 

0,029 0,041 

0,031 0,044 

0,034 0,046 

0,037 0,049 

0,042 0,053 

0,048 0,058 

0,057 0,066 

hI! 

1,00 1,25 1,50 1,75 2,00 

0,035 0,040 0,043 0,045 0,047 

0,036 0,040 0,043 0,046 0,048 

0,038 0,041 0,044 0,047 0,048 

0,039 0,043 0,045 0,047 0,049 

0,040 0,044 0,046 0,048 0,050 

0,042 0,045 0,048 0,050 0,051 

0,043 0,047 0,049 0,051 0,052 

0,044 0,048 0,050 0,051 0,053 

0,046 0,049 0,051 0,052 0,053 

0,047 0,050 0,052 0,053 0,054 

0,048 0,051 0,053 0,054 0,055 

0,050 0,052 0,054 0,055 0,056 

0,052 0,054 0,055 0,056 0,057 

0,055 0,056 0,057 0,058 0,059 

hI! 

1,00 1,25 1,50 1,75 2,00 

0,042 0,051 0,059 0,066 0,071 

0,044 0,054 0,062 0,068 0,074 

0,046 0,056 0,064 0,071 0,076 

0,049 0,059 0,067 0,073 0,078 

0,053 0,062 0,070 0,076 0,081 

0,057 0,066 0,074 0,080 0,085 

0,062 0,071 0,078 0,084 0,088 

0,064 0,074 0,081 0,086 0,090 

0,068 0,077 0,083 0,089 0,093 

0,071 0,080 0,087 0,091 0,096 

0,076 0,084 0,090 0,095 0,099 

0,081 0,089 0,094 0,098 0,103 

0,088 0,095 0,100 0,103 0,106 

0,098 0,103 0,107 0,109 0,110 

hI! 

1,00 1,25 1,50 1,75 2,00 

0,034 0,041 0,046 0,051 0,054 

0,036 0,042 0,048 0,052 0,055 

0,037 0,044 0,049 0,054 0,057 

0,039 0,046 0,051 0,055 0,058 

0,042 0,048 0,053 0,057 0,060 

0,044 0,051 0,056 0,059 0,062 

0,048 0,054 0,058 0,062 0,064 

0,050 0,055 0,060 0,063 0,066 

0,052 0,057 0,062 0,065 0,067 

0,054 0,060 0,063 0,066 0,069 

0,057 0,062 0,066 0,068 0,070 

0,060 0,065 0,068 0,070 0,072 

0,064 0,068 0,071 0,073 0,074 

0,070 0,073 0,075 0,077 0,078 



Wall support condition hll 

G fJ 0,30 0,50 0,75 1,00 

1,00 0,007 0,014 0,022 0,028 

0,90 0,008 0,015 0,023 0,029 

0,80 0,008 0,016 0,024 0,031 

0,70 0,009 0,017 0,026 0,032 

0,60 0,010 0,019 0,028 0,034 

0,50 0,011 0,021 0,030 0,036 

0,40 0,013 0,023 0,032 0,038 

0,35 0,014 0,025 0,033 0,039 

0,30 0,016 0,026 0,035 0,041 

0,25 0,018 0,028 0,037 0,042 

0,20 0,020 0,031 0,039 0,044 

0,15 0,023 0,034 0,042 0,046 

0,10 0,027 0,038 0,045 0,049 

0,05 0,035 0,044 0,050 0,053 

Wall support condition hll 

H fA 0,30 0,50 0,75 1,00 
1,00 0,005 0,011 0,018 0,024 

0,90 0,006 0,012 0,019 0,025 

0,80 0,006 0,013 0,020 0,027 
0,70 0,007 0,014 0,022 0,028 

0,60 0,008 0,015 0,024 0,030 

0,50 0,009 0,017 0,025 0,032 

0,40 0,010 0,019 0,028 0,034 

0,35 0,011 0,021 0,029 0,036 

0,30 0,013 0,022 0,031 0,037 

0,25 0,014 0,024 0,033 0,039 

0,20 0,016 0,027 0,035 0,041 

0,15 0,019 0,030 0,038 0,043 

0,10 0,023 0,034 0,042 0,047 

0,05 0,031 0,041 0,047 0,051 

Wall support condition hll 

I p 0,30 1,00 
1,00 0,004 0,009 0,015 0,021 

0,90 0,004 0,010 0,016 0,022 

0,80 0,005 0,010 0,017 0,023 

0,70 0,005 0,011 0,019 0,025 

0,60 0,006 0,013 0,020 0,026 

0,50 0,007 0,014 0,022 0,028 

0,40 0,008 0,016 0,024 0,031 

0,35 0,009 0,017 0,026 0,032 

0,30 0,010 0,019 0,028 0,034 

0,25 0,011 0,021 0,030 0,036 

0,20 0,013 0,023 0,032 0,038 

0,15 0,016 0,026 0,035 0,041 

0,10 0,020 0,031 0,039 0,044 

0,05 0,027 0,038 0,045 0,049 

1,25 

0,033 

0,034 

0,035 

0,037 

0,038 

0,040 

0,042 

0,043 

0,044 

0,046 

0,047 

0,049 

0,052 

0,055 

1,25 

0,029 

0,030 

0,032 

0,033 

0,035 

0,036 

0,039 

0,040 

0,041 

0,043 

0,045 

0,047 

0,050 

0,053 

1,25 

0,026 

0,027 

0,028 

0,030 

0,031 

0,033 

0,035 

0,037 

0,038 

0,040 

0,042 

0,044 

0,047 

0,052 

BS EN 1996-1-1 :2005 
EN 1996-1-1 :2005 (E) 

1,50 1,75 2,00 

0,037 0,040 0,042 

0,038 0,041 0,043 

0,039 0,042 0,044 

0,040 0,043 0,045 

0,042 0,044 0,046 

0,043 0,046 0,048 

0,045 0,047 0,049 

0,046 0,048 0,050 

0,047 0,049 0,051 

0,048 0,050 0,052 

0,050 0,052 0,054 

0,051 0,053 0,055 

0,053 0,055 0,057 

0,056 0,057 0,058 

1,50 1,75 2,00 

0,033 0,036 0,039 

0,034 0,037 0,040 

0,035 0,038 0,041 

0,037 0,040 0,042 

0,038 0,041 0,043 

0,040 0,043 0,045 

0,042 0,045 0,047 

0,043 0,046 0,047 

0,044 0,047 0,049 

0,046 0,048 0,051 

0,047 0,049 0,052 

0,049 0,051 0,053 

0,052 0,053 0,054 

0,055 0,056 0,056 

1,50 ... '7r:: I ., nn 

0,030 0,033 0,036 

0,031 0,034 0,037 

0,032 0,035 0,038 

0,033 0,037 0,039 

0,035 0,038 0,041 

0,037 0,040 0,042 

0,039 0,042 0,044 

0,040 0,043 0,045 

0,042 0,044 0,046 

0,043 0,046 0,048 

0,045 0,047 0,050 

0,047 0,049 0,051 

0,050 0,052 0,054 

0,053 0,055 0,056 
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Wall support condition 

J 

Wall support condition 

K 

Wall support condition 

L 

116 

f1 
1,00 

0,90 

0,80 

0,70 

0,60 

0,50 

0,40 

0,35 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

f1 

1,00 
0,90 

0,80 

0,70 

0,60 

0,50 

0,40 

0,35 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

f1 
1,00 

0,90 

0,80 

0,70 

0,60 

0,50 

0,40 

0,35 

0,30 

0,25 

0,20 

0,15 

0,10 

0,05 

0,30 0,50 0,75 

0,009 0,023 0,046 

0,010 0,026 0,050 

0,012 0,028 0,054 

0,013 0,032 0,060 

0,015 0,036 0,067 

0,018 0,042 0,077 

0,021 0,050 0,090 

0,024 0,055 0,098 

0,027 0,062 0,108 

0,032 0,071 0,122 

0,038 0,083 0,142 

0,048 0,100 0,173 

0,065 0,131 0,224 

0,106 0,208 0,344 

0,30 0,50 0,75 

0,009 0,021 0,038 

0,010 0,023 0,041 

0,011 0,025 0,045 

0,012 0,028 0,049 

0,014 0,031 0,054 

0,016 0,035 0,061 

0,019 0,041 0,069 

0,021 0,045 0,075 

0,024 0,050 0,082 

0,028 0,056 0,091 

0,033 0,064 0,103 

0,040 0,077 0,119 

0,053 0,096 0,144 

0,080 0,136 0,190 

0,30 0,50 0,75 

0,006 0,015 0,029 

0,007 0,017 0,032 

0,008 0,018 0,034 

0,009 0,021 0,038 

0,010 0,023 0,042 

0,012 0,027 0,048 

0,014 0,032 0,055 

0,016 0,035 0,060 

0,018 0,039 0,066 

0,021 0,044 0,073 

0,025 0,052 0,084 

0,031 0,061 0,098 

0,041 0,078 0,121 

0,064 0,114 0,164 

hI! 

1,00 1,25 1,50 1,75 2,00 

0,071 0,096 0,122 0,151 0,180 

0,076 0,103 0,131 0,162 0,193 

0,083 0,111 0,142 0,175 0,208 

0,091 0,121 0,156 0,191 0,227 

0,100 0,135 0,173 0,211 0,250 

0,113 0,153 0,195 0,237 0,280 

0,131 0,177 0,225 0,272 0,321 

0,144 0,194 0,244 0,296 0,347 

0,160 0,214 0,269 0,325 0,381 

0,180 0,240 0,300 0,362 0,428 

0,208 0,276 0,344 0,413 0,488 

0,250 0,329 0,408 0,488 0,570 

0,321 0,418 0,515 0,613 0,698 

0,482 0,620 0,759 0,898 0,959 

hI! 

1,00 1,25 1,50 1,75 2,00 

0,056 0,074 0,091 0,108 0,123 

0,060 0,079 0,097 0,113 0,129 

0,065 0,084 0,103 0,120 0,136 

0,070 0,091 0,110 0,128 0,145 

0,077 0,099 0,119 0,138 0,155 

0,085 0,109 0,130 0,149 0,167 

0,097 0,121 0,144 0,164 0,182 

0,104 0,129 0,152 0,173 0,191 

0,112 0,139 0,162 0,183 0,202 

0,123 0,150 0,174 0,196 0,217 

0,136 0,165 0,190 0,211 0,234 

0,155 0,184 0,210 0,231 0,253 

0,182 0,213 0,238 0,260 0,279 

0,230 0,260 0,286 0,306 0,317 

hI! 

1,00 1,25 1,50 1,75 2,00 

0,044 0,059 0,073 0,088 0,102 

0,047 0,063 0,078 0,093 0,107 

0,051 0,067 0,084 0,099 0,114 

0,056 0,073 0,090 0,106 0,122 

0,061 0,080 0,098 0,115 0,131 

0,068 0,089 0,108 0,126 0,142 

0,078 0,100 0,121 0,139 0,157 

0,084 0,108 0,129 0,148 0,165 

0,092 0,116 0,138 0,158 0,176 

0,101 0,127 0,150 0,170 0,190 

0,114 0,141 0,165 0,185 0,206 

0,131 0,159 0,184 0,205 0,226 

0,156 0,186 0,212 0,233 0,252 

0,204 0,235 0,260 0,281 0,292 
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Limiting height and length to thickness ratios for walls under the serviceability 
limit state 

(1) Notwithstanding the ability of a wall to satisfy the ultimate limit state, which lTIUst be verified, its 
size should be limited to that which results from use of figures F.l, F.2 or F.3, depending on the 
restraint conditions as shown on the figures, where h is the clear height of the wall, I is the length of 
the wall and t is the thickness of the wall; for cavity walls use tef in place of t. 

(2) Where walls are restrained at the top but not at the ends, h should be limited to 30 t. 

(3) This annex is valid when the thickness of the wall, or one leaf of a cavity wall, is not less than 
100 t1lm. 
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Figure F.1 - Limiting height and length to thickness ratios 
of walls restrained on all four edges 
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Figure F.2 - Limiting height and length to thickness ratios 
of walls restrained at the bottom, the top and one vertical edge 
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Figure F.3 - Limiting height and length to thickness ratios of walls restrained at the edges, the 
bottom, but not the top 
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Reduction factor for slenderness and eccentricity 

(l) In the middle of the wall height, by using a simplification of the general principles given in 6.1.1, 
the reduction factor, ~w taking into account the slendenless of the wall and the eccentricity of 

loading, for any modulus of elasticity E and characteristic con1pressive strength of unreinforced 
masonry A, may be estimated from: 

where: 

1-2 
t 

A - 0,063 
u:::::------

073 -117 emk , , 
t 

where: 

and her, t and tef are as defined in 6.1.2.2, and e is the base of naturallogarithlTIs. 

(2) For E = 1 000.11< equations (G.3) becomes: 

2 

U=-~--

23 37 emk 
t 

and for E = 700.l~: 

1,67 

U:::::~-'--~--

(G. 1) @l] 

(G.2) 

(G.3) 

(GA) 

(G.S) 

(G.6) 

(3) The values of ~11 derived fron1 equation (G.S) and (G.6) are represented in graphical form in 

figure G.l and G.2 
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Figure G.l 
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Figure G.2 
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Annex H 
(informative) 

Enhancement factor as given in 6.1.3 
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Figure H.1 - Graph showing the enhancement factor as given in 6.1.3: 
Concentrated loads under bearings 
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Annex I 
(informative) 

Adjustment of lateral load for walls supported on three or four edges subjected to 
out-of-plane horizontal loading and vertical loading 

(1) The wall is assumed to be subject to a horizontal out-of-plane load, and an eccentric vertical load. 

NOTE It may be possible to redistribute the moment at the top of the wall (caused by the eccentricity of the vertical 
load) over the inner and outer leaves of a cavity wall if adequate ties are specified in the design for this purpose. 

(2) If the wall is a part of a cavity wall, the horizontal out-of-plane load may by divided between the 
two leaves (see 6.3.1(6)). 

(3) The vertical load above openings should be distributed over the walls at the sides of the openings. 

(4) The horizontal out-of-plane load acting on the wall for use in the verification according to clause 
6.1 may be reduced by a factor k using expression 1.1 

(1.1 ) 

NOTE The factor k expresses the ratio between the load capacity of a vertically spanning wall and the lateral load 
capacity of the actual wall area (taking possible edge restraints into account). 

where: 

122 

k is the lateral load capacity of a vertically spanning wall divided by the lateral load 
capacity of the actual wall area (taking edge restraint into account) 

a is the relevant bending m0111ent coefficient in accordance with 5.5.5; 

Jl is the orthogonal ratio of characteristic flexural strengths of the masom'y in accordance 
with 5.5.5; 

h is the height of the wall; 

I is the length of the wall. 
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Reinforced masonry members subjected to shear loading: 
enhancement offvd 

(1) In the case of walls or beanlS where the main reinforcement is placed in pockets, cores or cavities 
filled with concrete infill as described in 3.3, the value offvd used to calculate VRD1 may be obtained 

from the following equation: 

fvd = (0,35 + 17,5 p) 
rM 

provided thatfvd is not taken to be greater than 0,7 N/mm2, 

YM 

where: 

is the cross sectional area of the primary reinforcement; 

b is the width of the section; 

d is the effective depth; 

rM is the partial factor for masonry . 

(1.1 ) 

(1.2) 

(2) For simply supported reinforced beams or cantilever retaining walls where the ratio of the shear 
span, av, to the effective depth, d, is six or less,ivd may be increased by a factor, X, where: 

% [2,5 - 0,25 ~ ] (1.3) 

provided that.fvd is not taken to be greater than 1,751rM N/mm2• 

The shear span, av' is taken to be the maximum bending moment in the section divided by the 

maximum shear force in the section. 
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Foreword 

This document (EN 1996-1-2:2005) has been prepared by Technical Conlmittee 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 November 2005 and conflicting national 
standards shall be withdrawn at the latest by March 2010. 

This docunlent supersedes ENV 1996-1-2:1995. 

CEN/TC 250 is responsible for all Structural Eurocodes. 

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 aliicle 95 of the Treaty. The objective of the programlne was 
the elinlination 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 Menlber States and, ultimately, 
would replace them. 

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

In 1989, the C0111mission and the Menlber States of the EU and EFTA decided, on the basis 
of an agreement I between the Conl1nission 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 Conlmission'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 conlprises the following standards generally consisting 
of a number of Parts: 

EN 1990 

EN 1991 

EN 1992 
EN 1993 
EN 1994 

Eurocode: 
Eurocode 1: 

Eurocode 2: 
Eurocode 3: 

Eurocode 4: 

Basis of Structural Design 

Actions on structures 

Design of concrete structures 
Design of steel structures 

Design of composite steel and concrete structures 

1 Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) eonccming 

the work on EUROCODES for the design of building and civil engineering works (BC!CEN/03!89). 
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EN 1995 
EN 1996 
EN 1997 
EN 1998 

EN 1999 

Eurocode 5: 
Eurocode 6: 
Eurocode 7: 
Eurocode 8: 

Eurocode 9: 

Design of timber structures 
Design of masonry structures 
Geotechnical design 
Design of stluctures 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 Me1nber States of the EU and EFTA recognise that EUROCODES serve as reference 
documents for the following purposes: 

- as a nleans 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 fl-anlework for drawing up hannonised 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 work need to be adequately considered by CEN Technical 
Conlmittees 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 fonns of construction or design conditions are not specifically covered and 
additional expert consideration will be required by the designer in such cases. 

') 

~ 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 ETAGs/ETAs. 

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 ofrequircment with the technical spccifications, e.g. mcthods 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 Eurocodcs, de/clcto, playa similar role in thc field of the ER I and a part of ER 2. 
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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 may only contain information on those paranleters 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, clinlatic, etc.), e.g. snow map, 

- the procedure to be used where altenlative procedures are given in the Eurocode, 

and 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 products harmonised technical specifications (ENs and 
ETAs) 

There is a need for consistency between the harnlonised 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. 

This European Standard is part of EN 1996 which comprises the following parts: 

~ EN 1996-1-1: General rules for reinforced and unreinforced nlasonry structures @l] 

EN 1996-1-2: General Rules - Structural Fire Design. 

EN 1996-2: Design, Selection of materials and execution of masonry 

~ EN 1996-3: Silnplified calculation methods for unrein forced masonry stmctures @l] 

EN 1996-1 is intended to be used together with EN 1990, EN 1991-1-2, EN 1996-1-1, EN 
1996-2 and EN 1996-3 

4 
ArU.3 and Art.12 of the CPO, as well as clauses 4.2, 4.3.1, 4.3.2 and 5.2 afID 1. 
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The general objectives of fire protection are to limit risks with respect to the individual and 
society, neighbouring property, and where required, directly exposed property, in the case of 
fire. 

The Construction Products Directive 8911 06/EEC gives the following essential requirenlent 
for the limitation of fire risks: 

"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 slTIoke within the works are limited 

- the spread of fire to neighbouring constluction 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 No 2 "Safety in Case of Fire" 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 '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 that could 
be needed for safe evacuation of occupants and fire rescue operations and for limiting fire 
spread as relevant. 

Required functions and levels of performance are generally specified by the national 
authorities - mostly in terms of a standard fire resistance rating. Where fire safety engineering 
for assessing passive and active Ineasures is acceptable, requirements by authorities will be 
less prescriptive and Inay allow for alternative strategies. 

This Part 1-2, together with EN 1991-1-2, Actions on structures exposed to fire, supplenlents 
EN 1996-1-1, so that the design of masonry structures can comply with nonnal and fire 
requirements. 

Supplementary requirements concerning, for example 

- the possible installation and maintenance of sprinkler systems 

- conditions on occupancy of building or fire compartlnent 

- the use of approved insulation and coating nlaterials, including their nlaintenance 

are not given in this document, as they are subject to specification by the competent authority. 
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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 fire protection systems, together with the uncertainties associated with these 
three features and the inlportance of the structure (consequences of failure). 

At the present time it is possible to perform a calculation procedure for detennining adequate 
performance which incorporates SOlne, if not all, of these parameters and to denl0nstrate that 
the structure, or its components, will give adequate performance in a real building fire. 
However the principal current procedure in European countries is one based on results from 
standard fire resistance tests. The grading system in regulations, which call for specific 
periods of fire resistance, takes into account (though not explicitly), the features and 
uncertainties described above. 

Due to the limitations of the test method, further tests or analyses may be used. Nevertheless, 
the results of standard fire tests form the bulk of input for calculation procedures for structural 
fire design. This standard therefore deals principally with the design for the standard fire 
resistance. 

Application of this Part 1-2 of Eurocode 6 with the thermal actions given in EN 1991-1-2, is 
illustrated in figure 0.1. For design according to this part, EN 1991-1-2 is required for the 
detennination of temperature fields 1n structural elements, or when using general calculation 
n10dels for the analysis of the sttuctural response. 

8 

Simple calculation 
models 

Member 
analysis 

Advanced calculation 
models 

Figure 0.1 : Design procedures 



BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Where sin1ple calculation models are not available, the Eurocode fire parts give design 
solutions in terms of tabular data (based on tests or general calculation models), which Inay 
be used within the specified limits of validity. 

National Annex for EN 1996-1-2 

This standard gives alternative procedures, values and reconunendations for classes, with 
notes indicating where national choices may have to be made. Therefore the National 
Standard in1plementing EN 1996-] -2 should include a National annex which contains all 
Nationally Determined Parameters to be used for the design of buildings and civil engineering 
works constructed in the relevant country. 

National choice is allowed in EN 1996-1 through clauses: 

lEi) - 2.1.3(2) Paran1etric fire exposure; 

- 2.2(2) Actions; 

- 2.3(2)P Design values of material properties; 

Text deleted 

- 3.3.3.1(1) Thermal elongation; 

- 3.3.3.2(1) Specific heat; 

- 3.3.3.3(1) Thennal conductivity; 

- 4.5(3) Value of YGlo; 

Annex B Tabulated values of fire resistance of masonry wa11s; 

Annex C Values of constant c. ~ 

Section 1. General 

1.1 Scope 

(l)P This Part 1 of EN 1996 deals with the design of nlasonry structures for the accidental 
situation of fire exposure, and is intended to be used in conjunction with EN 1996-1-1, EN 
1996-2, 1996-3 and EN 1991-1-2. This part 1-2 only identifies differences fron1, or 
supplements to, normal temperature design. 

(2)P This Part 1-2 deals only with passive methods of fire protection. Active methods are not 
covered. 

(3)P This Part 1-2 applies to Inasonry structures which, for reasons of general fire safety, are 
required to fulfil certain functions when exposed to fire, in ten11S of: 

- avoiding prenlature collapse of the structure (load bearing function) 

- limiting fire spread (Hames, hot gases, excessive heat) beyond designated areas 
(separating function) 
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(4)P This Part 1-2 gives principles and application rules for designing structures for specified 
requirements in respect of the aforementioned functions and levels of perfornlance. 

(5)P This Part 
EN 1996-1 1, 

applies to structures, or parts of structures, that are within the scope of 
1996-2 and EN 1996-3 and are designed accordingly. 

(6)P This Part 1-2 does not cover Inasonry built with Natural Stone units to 1-6 

(7)P This Part 1-2 deals with the following: 

- non-Ioadbearing intenlal walls. 

- non-Ioadbearing external walls. 

- loadbearing internal walls with separating or non-separating functions. 

- loadbearing external walls with separating or non-separating functions. 

1.2 Normative references 

This European standard incorporates by dated or undated provisions from other 
publications. These Normative references are cited at appropriate places in the text and the 
publications are listed hereafter. For dated references, subsequent anlendtnents 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 refened to applies (including amendments). 

EN 771-1 Specification for nlaSOlU'y units - Part 1: Clay tnasonry units. 

EN 771 Specification for nlasonry units - Part 2: Ca1ciunl silicate masonry units 

EN 771-3 Specification for masonry units - Part 3: 
(dense and light-weight aggregates) 

concrete masonry units 

EN 771-4 Specification for masonry units Pali 4: Autoclaved aerated concrete masonry 
units 

EN 771 Specification for nlasonry units - Part 5: Manufactured stone masonry units 

EN 771-6 Specification for tnasonry units - Part 6 : Natural stone units 

772-13 Methods of test for masonry units - Part 13: Determination of net and gross dry 
density of masonry units (except for natural stone) 

EN 998-1 Specification for mortar for Inasonry Pali 1: Rendering and plastering mortar 

EN 998-2 Specification for mortar for masonry - Part 2: Masonry mortar. 

EN 1363 Fire resistance 
Part 1: General requirenlents 
Part 2: Alternative and additional requirements 
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1364 

EN 1365 

EN 1365 

EN 1366 

EN 1990 

EN 1991 

Fire resistance tests of non-Ioadbearing elen1ents. 
Part 1 Walls 

Fire resistance tests of load bearing elements. 
Part 1 Walls 

Fire resistance tests of loadbearing elements. 
Part 4 Columns 

F ire resistance tests for service installations. 

Pali 3 Penetration seals 

Basis of design for Structural Eurocodes 

Basis of design and actions on structures: 
Part 1-1: General actions - Densities, self-weight, imposed loads for buildings 
Part 1 Actions on structures exposed to fire; 

1996 Design of masonry structures: 
Part 1-1: General rules for reinforced and unrein forced masonry structures 
Part 2: Design considerations, selection of In ate rials and execution of masonry 
Part 3: Simplified calculation methods for unreinforced masonry structures @i] 

prEN 12602 Prefabricated reinforced con1ponents.of autoc1aved aerated concrete 
Annex C - Resistance to fire design of AAC conlponents and struchlres 

EN 13279-1 GypSUlTI and gypsunl-based building plaster - Part 1: DefinHions and requirements 

1.3 Assumptions 

(1) P In addition to the general assumptions of EN 1990 the following assulnptions apply: 

Any passive fire protection systelns taken into account in the design will be adequately 
maintained. 

- The choice of the relevant design fire scenario is made by appropiately qualified and 
experienced personneL 

1.4 Distinction between Principles and application Rules 

(1) The rules given in EN 1990 clause 1.4 apply. 

1.5 Definitions 

For the purposes of this Part 1-2 of EN 1996, the definitions of EN 1990 and of EN 1991-1-2 
apply with the following additional definitions: 
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1.5.1 Special terms relating to fire design in general 

1.5.1.1 
Fire protection material 
Any Inaterial or combination of materials applied to a structural n1ember for the purpose of 
increasing its fire resistance 

1.5.1.2 
Fire wall 
A wall separating two spaces (generally two fire compartments or buildings) which is 
designed for fire resistance and structural stability, including resistance to mechanical impact 
(Criterion M) such that, in the case of fire and failure of the structure on one side of the wall, 
fire spread beyond the wall is avoided (so that a Fire wall is designated REI-M or EI-M) 

NOTE: In some countries a fire wall has been defined as a separating wall between fire compartments without a 
requirement for resistance to mechanical impact; the definition above should not be confused with this more 
limited one. fire walls may have to fulfil additional requirements not given in this part 1-2, these being given in 
the regulations of each country 

1.5.1.3 
Loadbearing wall 
A flat, melnbrane-like conlpollent predominantly subjected to compressive stress, for 
supporting vertical loads, for eXaInple floor loads, and also for supporting horizontal loads, 
for eXaInple wind loads. 

15.1.4 
Non-loadbearing wall 
A flat n1embrane-like building component loaded predoDlinantly only by its dead weight, and 
which does not provide bracing for loadbearing walls. It ll1ay however, be required to transfer 
horizontal loads acting on its surface to loadbearing building components such as walls or 
floors. 

1.5.1.5 
Separating wall 
A wall exposed to fire on one side only. 

1.5.1.6 
Non-separating wall 
A loadbearing wall exposed to fire 011 two or nlore sides. 

1.5.1.7 
Normal temperature design 
The ultimate 1 imit state design for ambient temperatures in accordance with Part 1-1 of EN 
1992 to 1996 or ENV 1999 

1.5.1.8 
Part of structure 
The isolated part of an entire structure with appropriate support and boundary conditions. 
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The area of a cross section that is assulned to becolne ineffective for fire resistance purposes. 

1.5.2.2. 
Effective cross section 
The cross section of a n1enlber used in structural fire design, obtained by removing parts of 
the cross section with assUlned zero strength and stiffness. 

1.5.2.3. 
Residual cross section 
That part of the cross section of the original n1elnber which is assmned to remam after 
deduction of the thickness which is ineffective for fire-resistance purposes. 

1.5.2.4 
Structural failure of a wall in the fire situation 
When the wall loses its ability to carry a specified load after a certain period of tilDe 

1.5.2.5 
Maximum stress level 
For a given temperature, the stress level at which the stress-strain relationship of masonry is 
truncated to a yield plateau. 

1.6 Symbols 

For the purpose of this Part 1-2, the following symbols apply, in addition to those given in 
~ EN 1996-1-1 @j] and EN 1991-1 

E 30 or E 60, ... , member meeting the integrity criterion, E, for 30, or 60 .. minutes in 
standard fire exposure. 

I 30 or I 60, ... , n1ember meeting the thennal insulation criterion, I, for 30, or 60 .. Ininutes 
in standard fire exposure. 

M 90 or M 120, ... , melnber meeting the mechanical resistance criterion, M, for 90, or 120 .. 
Ininutes after standard fire exposure when mechanical ilnpact applied. 

R 30 or R 60, ... , Inelnber meeting the load bearing criterion, R, for 30, or 60 .. minutes in 
standard fire exposure, 

A total area of masonry 

Am surface area of a member per unit length; 

Ap area of the inner surface of the fire protection material per unit 1ength of the 
n1elYlber; 

Ao, area of masoru)' up to temperature 81; 

A02 area of masonry between temperatures 8] and 82; 
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c constant obtained D.-onl stress strain tests at elevated tenlperature (with subscripts) 

Ca specific heat capacity of masonry; 

ct combined thickness of webs and shells (given as a percentage of the width of a 
unit) 

eM eccentricity due to variation of temperature across masonry; 

~ Text deleted <51 

design conlpressive strength of masonry at less than or equal to (h; 

.Idol design strength of masonry in compression between 81 and 82
0 e 

~ Text deleted <51 

/ length at 200 e ; 

IF length of a wall for a period of fire resistance 

NEd design value of the vertical load; 

NRd,fi0
2 

design value of the resistance in fire; 

NRk characteristic value of vertical resistance of masonry wallar column; 

nvg no value given 

tF thickness of a wall for a period of fire resistance 

tfi,d 

YGlo 

Lit 

tiIne of fire classification 
EN 1363; 

30 minutes) for a standard fire in accordance with 

thickness of the cross-section whose temperature does not exceed fh. 

the ratio of the applied design load on the wall to the design resistance of the wall; ~ 

coefficient of thermal expansion of nlasonry 

thermal strain 

a safety factor for use in fire tests; 

tilne interval; 

average telnperature rise of the unexposed side; ~ 

maxinluln temperature rise of the unexposed side at any point; ~ 

reduction factor for design load level in the fire situation; 

tenlperature up to which the cold strength of masonry may be used; 

temperature above which any residual nlasonry strength is ignored; 

thermal conductivity; 
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1'0 degree of utilisation at time t = O. 

p gross dry density of the masonry units, measured in accordance with EN 772- 13. 

Section 2. Basic principles and rules 

2.1 Performance requirement 

2.1.1 General 

(l)P Where Inechanical resistance is required, structures shall be designed and constructed in 
such a way that they maintain their loadbearing function during the relevant fire exposure. 

(2)P Where compartInentation is required, the elements fonning the boundaries of the fire 
cOlnpartment, including joints, shall be designed and constructed in such a way that they 
maintain their separating function during the relevant fire exposure, i.e. 

no integrity failure shall occur, in order to prevent the passage of flames and hot 
through the nlember, and to prevent the occurrence of flames on the unexposed side 

no insulation failure shall occur in order to lilnit the temperature rise of the unexposed 
face within specified levels. 

when required, resistance to nlechanical ilnpact (M) 

when required, limitation of the thennal radiation from the unexposed side. 

(3)P Defonnation criteria shall be applied where the 11leans of protection, or the design 
criteria for separating elements, requires consideration of the defonnation of the load bearing 
structure. 

(4) Consideration of the defoffilation of the load bearing structure is not necessary in the 
following case: 

- the separating elements have to fulfil requirements according to a nominal fire exposure. 

2.1.2 Nominal fire exposure 

(l)P the standard fire exposure, nlenlbers shall COlllply with criteria, R (nlechanical 
resistance). E (integrity), I (insulation) and M (nlechanical inlpact) as follows: 

- Loadbearing only criterion R 

- Separating only criteria EI 

- Separating and loadbearing criteria REI 

- Loadbearing, separating and mechanical ilnpact criteria REI-M 

- Separating and nlechanical inlpact criteria EI-M 
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(2) Criterion R is assumed to be satisfied \vhen the load bearing function is maintained 
throughout the required time of fire exposure. 

(3) Criterion I is assulned to be satisfied when the mean temperature of the unexposed face 
does not rise by more ~ 140 K @l), and the maximum temperature rise at any point of that 
surface does not exceed ~ 180 K @l) 

(4) Criterion E is assumed to be satisfied when the passage of flaInes and hot gases through 
the member is prevented. 

(5) Where a vertical separating element, with or without a load-bearing function, is required 
to conlply with an inlpact resistance requirement, (criterion M), the elenlent should resist the 
application of the horizontal concentrated load specified in EN 1363 Part 2. 

(6) With the external fire exposure curve the same criteria as (l)P should apply, however the 
reference to this specific curve should be identified by the letters 

2.1.3 Parametric fire exposure 

(1) The load-bearing function is satisfied when collapse is prevented for the complete 
duration of the fire, including the decay phase, or for a prescribed period of time. 

(2) The separating function, with respect to insulation, is satisfied when the following criteria 
are nlet: 

- the luean tenlperature rise over the \vhole of the non-exposed surface does not exceed 
~140 K@l) and the nlaxinlulu temperature rise of that surface at any point does not exceed 
~180 K@l),at the time of the maXilTIUm gas temperature, 

~ - the average telTIperature rise of the unexposed side of the construction should be limited to 
~ BI and the nlaximu111 tenlperature rise of the unexposed side should not exceed during 
the decay phase. @l) 

~ NOTE: The recommended values for maximum temperature rise during the decay are ~ e 1= 200 K and 
~el = 240 K. The choice to be made at the national level may be given in the National Annex. @l) 

2.2 Actions 

(1)P The thermal and mechanical actions shall be obtained from 1991-1-2. 

(2) The emissivity of a masonry surface should be taken as em. 

NOTE: The value to be ascribed to in a Country may be found in its National Annex. The value will depend on 
the material of the masonry. 

2.3 Design values of material properties 

(l)P Design values of the mechanical (material strength and deformation) properties, are 
defined as follows: 

(2.1) 

where: 

Xk is the characteristic value of the strength or deformation property of the material (eg 
.fk) for nonnal temperature design to EN 1996-1-1; 
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ke is the reduction factor for the strength or defonnation property (Xk,8 / Xk) , 
dependent on the material temperature; 

)'M,fi is the partial safety factor for the relevant material property, for the fire situation. 

(2)P Design values of the thermal properties, Xd,fi, of materials are defined as follows: 

(i) if an increase of the property is favourable for safety: 

(2.2a) 

or 

(ii) if an increase of the property is unfavourable for safety: 

Xcl,fi = ),M,ti X k,e (2.2b) 

where: 

X k,0 is the value of the material property in fire design, general1y dependent on the 
material temperature, (see section 3); 

NOTE: The value of !!vLfi to be ascribed in a Country may be found in its National Annex. For themlal properties 
of masonry the recommended value of the partial safety factor )'M.fi for the fire situation is 1,0. For mechanical 
properties of masonry, the recommended value of the partial safety factor YM,fi for the fire situation is 1,0. 

2.4 Assessment methods 

2.4.1 General 

(1)P The model of the structural system adopted for design in the fire situation shall reflect 
the expected performance of the structure in fire. 

(2)P The analysis for the fire situation may be carried out using one of the following: 

- testing the structure 

- tabulated data 

- member analysis 

- analysis of part of the structure 

- global structural analysis 

(3)P It shall be verified for the relevant duration of fire exposure that 

Efi,d :s; Rfi,t,d 

Where 

(2.3) 

Eti,d is the design effect of actions for the fire situation, detelmined in accordance 

with EN 1991-1-2, including the effects of thermal expansion and defonnation 

Rfi,t, d is the corresponding design resistance in the fire situation. 
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(4) The structural analysis for the normal situation should be carried out in accordance with 
EN 19905.1.4(2). 

(5) In order to verify standard fire resistance requirements, a member analysis is sufficient. 

(6) Where application rules given in this Part 1-2 are only valid for the standard temperature
tinle curve, this is identified in the relevant clauses 

(7)P Tabulated data given in this part is based on the standard tenlperature-time curve in 
accordance with EN 1363. 

(8)P As an alternative to design by calculation, fire resistance may be based on the results of 
fire tests, or on fire tests in combination with calculation (see EN1990 5.2). 

2.4.2 Member analysis 

(l) The effect of actions should be determined for tinle~t = O@il using combination factors 
Vi 1, I or Vi2, I according to 1991-1 

(2) As a simplification to (1), the effect of 1jf2.1 on actions Ed,ft nlay be obtained from a 
structural analysis for normal temperature design as: 

(2.4) 

where: 

Ed is the design value of the corresponding force or moment for nonnal telnperature 
design, for a fundmnental c0111bination of actions (see EN 1990); 

'7tl is the reduction factor for the design load level for the fire situation. 

(3) The reduction factor 1Jt1 for load combination (6.10) in EN 1990 should be taken as: 

(2.5) 

or for load combinations (6.10a) and (6.10b) in EN 1990 as the smaller value given by the 
two folIo-wing expressions: 

17ft = ------
Yo Gk 

Qk,l 
(2.5a) 

(2.5b) 

where: 

Qk.l is the plincipal variable load; 

Gk is the characteristic value of a pennanent action; 
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YG is the partial factor for permanent actions; 

YQ, I is the partial factor for variable action 1; 

'lffi is the combination factor for frequent values, given either by 'lfl,l or V/2,1 

~ is a reduction factor for unfavourable permanent actions O. 

NOTE 1: An example of the variation of the reduction factor '7t1 versus the load ratio Qk,I/Gk for different values 
of the combination factor ljif i = V/I , l according to expression (2.5) is shown in the figure to this note with the 
following assumptions: YGA = 1,0, YG = 1,35 and YQ = 1,5. Use of expressions (2.5a) and (2.5b) will give fi gures 
slightly higher than those in the figure. 

~ The values ofpatiial factors for use in a Country may be found in its National Annex for EN 1990. Recommended 
values are given in EN 1990. The choice of expression (6.10) or (6.l0)a and (6.1 O)b may also be found in the 
National Annex for EN 1990. @il 
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Variation of the reduction factor 17fi with the load ratio Qk,] / Ok 

NOTE 2: As a simplification the recommended value of ''lfi = 0,65 may be used, except for imposed load 
category E as given in EN 1990 (areas for storage and industrial activity) for which the recommended value is 
0,7. 

(4) Only the effects of thermal deformations resulting from thermal gradients across the 
cross-section need to be considered. The effects of axial or in-plane thermal expansions may 
be neglected. 

(5) The boundary conditions at supports and ends of a member luay be assumed to reluain 
unchanged throughout the fire exposure. 

(6) Tabulated data, simplified or advanced calculation methods are suitable for verifying 
melubers under fire conditions. 

NOTE: Annexes B, C and D give information on tabulated data, simplified and advanced calculation methods. 
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2.4.3 Analysis of part of the structure 

(1) The effect of actions should be determined for time t=O using conlbination factors VII,I or 
V12, I according to EN 1991-1-2. 

(2) As an alternative to calTying out a structural analysis for the fire situation at tinIe t = 0, 
the reactions at supports and internal forces and Inoments at boundaries of part of the 
structure Inay be obtained from a structural analysis for normal temperature as given in 
2.4.1(4) 

(3) The part of the structure to be analysed should be specified on the basis of the potential 
thennal expansions and deformations, such that their interaction with other parts of the 
structure can be approximated by time-independent support and boundary conditions during 
fire exposure. 

(4)P Within the part of the structure to be analysed, the relevant failure mode in fire exposure, 
the telllperature-dependent nlaterial propeliies and member stiffnesses, effects of thellnal 
expansions and defonllations (indirect fire actions) shall be taken into account 

(5) The boundary conditions at supports and forces and nloments at boundaries of part of the 
structure may be assumed to renIain unchanged throughout the fire exposure. 

2.4.4 Global structural analysis 

(l)P When global structural analysis for the fire situation is calTied out, the relevant failure 
mode in fire exposure, the temperature-dependent material properties and member stiffness, 
effects of thermal expansions and deformations (indirect fire actions) shall be taken into 
account. 

Section 3. Materials 

3.1 Units 

(1) The requirelnents for nlasonry units given in EN 1996-1-1 apply to this Part with the 
following addition: 

- Group 1 S: Units containing less than 50/0 of formed voids by volunle; additionally,they 
nlay contain indentations, for exanlple frogs, grip holes or grooves in the bed face, if such 
indentations wilJ be filled with mortar in the finished wall. 

3.2 Mortar 

(l) The requirements for mortar given in EN 1996-1-1 apply to this Part. 

3.3 Mechanical properties of masonry 

3.3.1 Mechanical properties of masonry at normal temperature 

(l)P The mechanical properties of masonry at 200 e shall be taken as those given in EN 1996-
1-1 for nOlmal temperature design. 
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3.3.2 Strength and deformation properties of masonry at elevated temperature 

3.3.2.1 General 

(1) The strength and deformation properties of masonry at elevated ten1peratures Inay be 
obtained from the stress-strain relationship obtained by tests for a project or fron1 a database. 

NOTE: Stress-strain relationships for some materials are given in Annex D. These sress strain relationships are 
valid for heating rates between 2 and 50 Klmin. 

3.3.2.2 Unit mass 

(1) The unit mass of masonry may be considered to be independent of the masonry 
temperature. The density of masonry can be obtained from the density of the n1asonry 
materials, as given in EN 1991-1-1. 

NOTE: The density of masonry units and m0l1ar should be declared by the manufacturer in accordance with 
ENs 771-1 to 5 and EN 998-2. 

3.3.3 Thermal properties 

3.3.3.1 Thermal elongation 

(1) The thermal elongation of masonry should be determined from tests or fron1 a database. 

NOTE: The variation of the thermal elongation with temperature for some materials is given in Annex 0; values 
may be found in the National Annex. 

3.3.3.2 Specific heat capacity 

(1) The specific heat capacity of masonry, Ca, should be determined fro111 tests or from a 
database. 

NOTE 1: The variation of the specific heat capacity with temperature for some materials is in Annex D 

NOTE 2: The value of Ca to be used in a Country may be found in its National Annex. 

3.3.3.3 Thermal conductivity 

(1) The thermal conductivity, Aa, should be determined from tests or from a database. 

NOTE 1: The variation of the thermal conductivity with temperature for some materials is in AnnexD 

NOTE 2: The value ofAa to be used in a Country may be found in its National Annex. 

Section 4. Design Procedures for obtaining fire resistance of masonry walls 

4.1 General information on the design of walls 

4.1.1 Wall types by function 

(1) For fire protection, a distinction is made between non-10adbearing walls and loadbearing 
walls, and between separating walls and non-separating walls. 

21 



BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

(2) Separating wal1s serve to prevent fire propagation from one place to another, and are 
exposed to fire on one side only. Examples are walls along escape ways, walls of stair wells, 
separating walls of a fire compartment. 

(3) Non-separating loadbearing walls are subjected to fire on two or more sides. Examples are 
walls within a fire compartment. 

(4) External walls nlay be separating walls, or non-separating walls as required. 

NOTE: External separating walls less than 1,0 m in length should be treated as non-separating walls for the 
purposes of fire design, depending on the adjacent construction. 

(5) Walls which include lintels above openings should have at least the same fire resistance as 
if there was no lintel in the walL 

(6) Fire walls are separating walls that are required to resist mechanical impact in addition to 
actions REI, or EI, as relevant. 

NOTE: Examples of fire walls are walls separating buildings or fire compartments. 

(7) Stiffening elements, such as cross walls, floors, beanls, colunms or frames, should have at 
least the sanle fire resistance as the wall. 

NOTE: If assessment shows that the failure of the stiffening elements on one side of a fire wall would not lead to 
a failure of the fire wall the stiffening elements do not need fire resistance. 

(8) Additional factors to be considered for fire design are: 

- the use of non-conlbustible n1aterials 

- the effect on a fire wall from themlal reaction or expansion of an adjacent construction 
situated close to the fire wall. 

- the effect on a wall of displacenlent, in a fire, of columns and bemTIs close to the wall. 

4.1.2 Cavity walls and untied walls comprising independent leaves 

(1 ) When both leaves of a cavity wall are loadbearing and carry approximately equal loads, 
the fire resistance of a cavity wall with leaves of approximately equal thickness is defined as 
the fire resistance of an equivalent single leaf wall of thickness equal to the sunl of the 
thicknesses of the two leaves, (see figure 4.1, A), providing that no cOlnbustible nlaterial is 
included in the cavity. 
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A: Cavity wall (both leaves loaded) 
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C: Cavity wall (non-loadbearing) 

1 : Wall ties or bed j oint reinforcement 
2: Cavity unfilled or partially fil1ed; 
3: Untied wall 
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B: Cavity wall (one leaf loaded) 

D D 
D D 
D D 
D D 
D D 

S\}.P D 

D: Untied wall 
(loadbearing or non-loadbearing) 

Figure 4.1: Illustration of cavity walls and double leaf walls 

(2) When only one leaf of a cavity wall is loadbearing, the resistance of the cavity wall is 
usually greater than the fire resistance achieved for the loadbearing leaf when considered to 
act as a single leafwall, (see figure 4.1, B). 

(3) The fire resistance of a cavity wall cOlnprising two non-loadbearing leaves (Figure 4.1, C) 
may be taken as the sum of the fire resistances of the individual leaves, limited to a maximum 
of 240 min when fire resistance is detennined by this Part of EN 1996-1-2. 
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(4) For untied walls compnslng independent leaves, the fire resistance of the wall is 
detennined by reference to the appropriate 10adbearing or non-Ioadbearing table in Annex B 
for the single leaf wall (see figure 4.1, D) which is to be assessed as being exposed to fire. 

4.2 Surface finishes 

(1) The fire resistance of masonlY walls may be increased by the application of a layer of a 
suitable surface finish, for example: 

- gypsum premixed plaster in accordance with EN 13279-1 

- plaster type L W or T in accordance with EN 998-1 

For cavity and untied walls, the surface finish is only needed on the outside faces of the 
leaves, and not between the two leaves. 

(2) An additional n1asonry leaf or lTIaSonry cladding n1ay be used to increase the fire 
resistance of a wall. 

4.3 Additional requirements for masonry walls 

(I)P Any supporting, or stiffening, part of a structure shall have at least the same fire 
resistance as the structure being supported. 

(2) Combustible thin datnp proof n1aterials incorporated into a wall nlay be ignored in 
assessing fire resistance. 

(3) Masonry units containing holes through the unit should not be laid so that the holes are at 
light angles to the face of the wall, i.e. the wall should not be penetrated by the holes of the 
nlasonry units. 

(4) When thermal insulation systenls made of insulation and plaster are used on single leaf 
external walls, it should be noted that: 

insulation layers made of cOITIbustible materials do not enhance fire resistance, 

insulation layers made of non-combustible materials, e.g. mineral wool or foan1ed glass, 
can be used instead of a suitable surface finish. I5)Text deleted&! 

4.4 Assessment by testing 

(1) For all types of masonry walls the fire resistance may be obtained fron1 tests made in 
accordance with the relevant ENs (see 1.2 for a list of test methods). Guidance on selection of 
fire resistance periods is given in Annex A. 

(2) Tests on n1asonry walls should be carried out if the fire resistance of the masonry to be 
used (masonry units, percentage of holes, density, dimension), type of mortar (general 
purpose tTIOl'tar, lightweight or thin layer lTIOrtar) or the combination of units and lTIOrtar is not 
available already. 

NOTE: Values of fire resistance may be available in a database. 
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(1) Assessment of masonry walls nlay be carried out using ~ Tables B.I to B.6 in Annex B, @1] 
which give the Ininilnum thickness of masonry required, for the relevant criterion, to achieve 
the stated period of fire resistance, when constructed using units of the nlaterial, Group and 
density given. 

(2) In the tables, the minimum wall thickness given is for fire resistance purposes only. The 
thickness required for other considerations as defined in EN 1996-1-1, or which is needed to 
Ineet other requirements, for example acoustic perfomlance, is not taken into account. 

(3) The tabulated values for loadbearing walls are valid for a total characteristic vertical load 
of ((l NRk)IYGlo where (l, the ratio of the applied design load on the wall to the design 
resistance of the wall, is 1,0 or 0,6 and where NRk is taken as cP.fkt (see 1996-1-1). 

NOTE: The value of YOlo to be used in a Country may be found in its National Annex. The tables in the NOTE to 
Annex B have been obtained from the consideration of test results wherein YOlo was 3 to 5; fire tests, before the 
advent of partial factor design, were subjected to the permissible load, which was, approximately, the 
characteristic strength divided by the global factor )'F x )'M ,where)'F and)'M are partial factors for actions and 
materials respectively EN 1990 and EN 1996-1-1). 

4.6 Assessment by calculation 

(1) The fire resistance of masonry walls may be assessed by calculation, taking into account 
the relevant failure mode in fire exposure, the temperature dependent material properties, the 
slenderness ratio and the effects of thermal expansions and deformations. 

(2) The calculation Inethod may be: 

- a Inodel for specific types of 111enlber 

or 

- a global structural analysis simulating the behaviour of structural menlbers, part of a 
skeleton or the entire structure. 

(3) The validity of calculation methods should be assessed by comparison of calculated fire 
resistance with the results of tests. 

NOTE 1: A simplified method of calculation for walls is given in Annex C. 

NOTE 2: An advanced method of calculation for walls is given in Annex D. 

Section 5. Detailing 

5.1 General 

(1)P The detailing of masonry in a structure shall not reduce the fire resistance of the 
cons tructi on. 
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5.2 Junctions and joints 

(I)P Floors or the roof shall provide lateral support to the top and botton1 of the wall, unless 
stability under normal conditions is provided by other means, for exaInple buttresses or 
special ties. 

(2)P Joints, including movement joints, in walls, or between walls and other fire separating 
members, shall be designed and constructed so as to achieve the fire resistance requirenlent of 
the walls. 

(3)P Where fire insulating layers are required in movenlent joints, they shall consist of 
mineral based materials having a melting point of not less than 1000oC. Any joints shall be 
tightly sea1ed so that movement of the wall shall not adversely affect the fire resistance. If 
other tnaterials are to be used, it shall be shown by test that they meet criteria E and I (see EN 
1366: Part 4). 

(4) Connections between non-loadbearing masonry \valls should be built according to 
EN 1996-2 or to other suitable details. 

NOTE: Examples of suitable details are given in Annex E. 

(5) Connections of loadbearing masonry walls may be built according to EN 1996-1-1 or to 
other suitable details. 

NOTE: Examples of suitable details are given in Annex E. 

(6) Connection of fire walls to reinforced, unreinforced concrete and masonry structures 
which are required to fulfil mechanical requirements (i.e. cOlmections which are required to 
fulfil the nlechanical inlpact requirements in accordance with EN 1363-2) should be 
constructed with joints that are filled completely with Inortar or concrete or they shou1d be 
constructed with properly protected mechanical fixings. Where connections are not required 
to provide Inechanical resistance they nlay be built in accordance with (4) or (5) as 
appropriate. 

5.3 Fixtures, pipes and cables 

(1) The presence of recesses and chases, as permitted by EN 1996-1-1 in loadbearing walls 
without the need for separate calculation, can be assumed not to reduce the period of fire 
resistance given in the tables refelTed to in 4.5. 

(2) For non-Ioadbearing walls, vertical chases and recesses should leave at least 2/3 of the 
required nlinimunl thickness of the wall, but not less than 60mm, including any integrally 
applied fire resistance finishes such as plaster. 

(3) Horizontal and inclined chases and recesses in non-Ioadbearing walls should leave at least 
5/6 of the required n1ininlum thickness of the wall, but not less than 60 nlm, including any 
integrally applied fire resistant finishes such as plaster. Horizontal and inclined chases and 
recesses should not be positioned within the middle one-third height of the wall. The width of 
individual chases and recesses in non-Ioadbearing wal1s should be not greater than twice the 
required miniluum thickness of the wall, including any integrally applied fire resistant 
finishes such as plaster. 
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(4) The fire resistance of non-loadbearing walls having chases or recesses not complying 
with (2) and (3) should be evaluated from tests according to EN 1364. 

(5) Individual cables nlay pass through holes sealed with nlortar. Additionally, nOl1-
conlbustible pipes up to 100 mm diameter nlay pass through non combustibly sealed holes, if 
the effects of heat conduction through the pipes do not infringe the criteria E and I, and any 
expansion does not impair fire resistance performance. 

~ NOTE: Materials other than mortar may be used provided they confonn to CEN Standards. 

(6) Groups of cables and pipes of conlbustible materials, or individual cables in holes not 
sealed with lTIortar, may pass through walls if either: 

- the method of sealing has been evaluated by testing in accordance with 1366: Part 3 or 

- guidance based on satisfactory experience in use is followed. 
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Annex A 
(Informative) 

Guidance on selection of fire resistance periods 

(1) The fire behaviour of a masonry wall depends on 

- the masonry unit material - clay, calcium silicate, autoclaved aerated concrete or 
dense/lightweight aggregate concrete, manufactured stone; 

the type of unit - solid or hollow (type of holes, percentage of formed voids), shell and 
web thickness; 

- the type of nlortar - general purpose, thin layer or lightweight mortar; 

the relationship of the design load to the design resistance of the wall; 

- the slenderness of the wall; 

- the eccentricity of loading 

- the density of units. 

the type of wall construction 

- the type and nature of any applied surface finishes 

(2) In arriving at values of fire resistance frOln consideration of test results, it is ilnportant to 
base the interpretation of any existing fire test results on the requirements for the relevant test 
Inethod fronl EN 1363, EN 1364-1, 1365-l,EN 1365-4. In particular, allowance should be 
made for any difference froln that required in the above n1entioned test method in the loading 
systelTI used in the fire test on loadbearing walls, for example fixed ends, free ends or one 
fixed end and one partly end. 

(3) In non-Ioadbearing walls, the restraint method will also influence the test results and it 
should be evaluated against the systenl in EN 1364-1 . 

28 



Annex B 
(N ormative) 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Tabulated fire resistance of masonry walls 

(1) The thickness of a masonry wall, tF, to give a period of fire resistance ttl,d, may be taken 
from the tables Bl, B2, B3, B4, B5and B6 for the relevant wall and loading situation. 

(2) The tables are valid only for walls complying with EN 1996-1-1, EN 1996-2 and EN 
1996-3, as appropriate to the type of wall and its function (for example, non-loadbearing). 

(3) In the tables the thickness referred to is that of the masonry itse1f, excluding finishes, if 
any. The first row of pairs of rows defines the resistance for walls without a suitab1e surface 
finish (see 4.2(1)). Values in brackets ( ) in the second row of pairs of rows are for walls 
having an applied finish in accordance with 4.2(1), of minimum thickness 10n1n1 on both 
faces of a single 1eaf wall, or on the fire-exposed face of a cavity wall. IE)Text deleted®) 

NOTE 1: A sand cement render does not normally increase the fire resistance of a masonry wall to the extent 
given in the second row of pairs of rows of the tables unless national experience indicates otherwise 

NOTE 2: pairs of rows are, for example 1.1.1 and 1.1.2 in table N.B.l 

(4) Masonry made with units having high precision din1ensions and having unfilled vertical 
joints more than 2 mm, but less than ~ 5 mm @j], wide, may be assessed using the tables 
providing render or p1aster of at least 1 mm thickness is used on at 1east one side. In such cases, 
the fire resistance periods are those given for walls without a 1ayer of surface finish. For walls 
having vertica1 joints with a thickness 1ess than or equa1 to 2 mm, no additional finish is 
required in order to be able to use the Tables appropriate to walls with no applied finish. 

(5) Masonry Inade with tongued and grooved masonry units and having unfilled vertica1 
joints less than 5 n1n1, wide, n1ay be assessed using the tables appropriate to walls without a 
layer of surface finish. 

Table B.l Minimum thickness of non-Ioadbearing separating walls (Criteria EI) for fire 
resistance classifications 

Material of wall Minimum wall thickness (mm) tF for fire resistance 
classification EI for time (minutes) ttl,d 

15 120 130 145 1
60 190 1120 1180 1240 1360 

Type of units, n10rtar, 
grouping of units, including Wall thickness tF 

combined thickness if required, 
and~gross dry(Ac1ldensity 
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Table B.2 Minimum thickness of separating load bearing single-leaf walls (Criteria REI) 
for fire resistance classifications 

Material of wall Minimum wall thickness (mm) tF for fire resistance 
Loading level classification REI for tin1e (n1inutes) ttl cl 

15 120 130 145 160 190 I 120 I 180 1 240 1 360 
Type of units, mortar,grouping of 
units, ~gross dry~ density Wall thickness tF 
Loading level ex :s 1,0 
and ex:S 0,6 

Table B.3 Minimum thickness of non-separating loadbearing single-leaf walls 2::1,Om in 
length (Criterion R) for fire resistance classifications 

Material of wall Minimum wall thickness (mm) tF for fire resistance 
Loading level classification R for time (minutes) tti,d 

15 1 20 1 30 1 45 1 60 1 90 1 120 1 180 1 240 1 360 
Type of units, lTIOl-tar, 
grouping of units, ~gross dry~ Wall thickness tr 
density Loading level ex :s 1,0 
and ex:S 0,6 

Table B.4 Minimum length of non-separating loadbearing single-leaf walls <l,Om in 
length (Criterion R) for fire resistance classifications 

Material of waH Mininlum Minimun1 wall length (mnl) If for fire resistance 
Loading level wall classification R for time (minutes) tfi,cl 

thickness 
15 

I 20 I 30 I 45 I 60 I 90 1
120 

1
180 

1
240 

1
360 

(n1m) 
Type of units, nlortar, 
grouping of units, 

~gross dry@l]density tF W all length lr 

Loading level ex :s 1,0 
and ex:S 0,6 

Table B.S Minimum thickness of separating loadbearing and non-Ioadbearing single 
and double leaf fire walls (Criteria REI-M and EI-M) for fire resistance classifications 

Material of wall Minimum wall thickness (mn1) tF for fire resistance 
Loading level classification REI-M and EI-M for tinle (minutes) tfi,cl 

15 120 130 145 160 190 1 120 1 180 I 240 I 360 
Type of units, mortar, 
grouping ofunits,~gross dry~ Wall thickness tr 
density Loading level ex :s 1,0 

and ex:S 0,6 
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Table B.6 Minimum thickness of separating loadbearing cavity walls with one leaf 
loaded (Criteria REI) for fire resistance classifications 

Material of waH 
• 

Minimum \vall thickness (mm) tF for fire resistance 
Loading level classification REI for tilne (minutes) tti,d 

15 120 130 145 160 190 1 120 I 180 I 240 1 360 
Type of units, mortar, 

i 

grouping of uni ts, ~ gross dry@il Wall thickness tF 

density Loading level a ~ 1,0 

I 
and ex _ 0,6 

NOTE 1: The periods of fire resistance, from 15 to 360 minutes, given in Table B.I to B.6 cover the whole range 
given in the Commission Decision of 3rd May 2000 in the Official Journal L133/26 dated 6.6.2000. It is stated, 
there, that the performance level for all or some classes or one class needs to be given. A Country may choose 
how many of the periods @j] of fire resistance shown in Tables 8.1 to 8.6 will be given in its Naional Annex, 
and for what range of materials and loading conditions. 

NOTE 2: Walls that include bed-joint reinforcement, according to EN 845-3, may be considered as covered by 
these tables. 

NOTE 3: Thicknesses of walls given in tables for non-loadbearing masonry, ie classification EI or El-M., are 
only valid for walls having a height to thickness ratio less than 40 

NOTE 4: In respect to tables B.l to B.6 above, the values of tF or IF in mm, as appropriate, for use in a Country 
may be found in its National Annex. The materials, that is units, grouping, density, mortar and load levels 
should be tabulated for the required periods of fire resistance, for example 30, 60, 90, 120, 240 minutes. For 
loadbearing walls, the level of loading applicable to the wall should be given. Recommended values of tF or h
for the commonly used range of units, grouping, mortar density and load levels are given in tables N.B.l to 
N.B.5, below. For fire walls the thickness given in the tables is for a single leaf wall; if a country wishes to 
distinguish between single and double leaf walls, it may do so by introducing additional lines in the National 
Annex, increasing the total thickness for double leaf walls if required. Throughout the tables, where two 
thicknesses with a slash between, eg 90/100, are given this is a range, ie the thickness recommended is from 90 
to 100. In arriving at the values to be inserted in the National a Country should have regard to the 
available test results, the loading that was applied to the test walls, the masonry characteristics and the partial 
factors that will be used in that Country. 

N.B. L I - N.B.1.6 
N.8.2.l - N.B.2.6 
N.B.3.1 N.B.3.6 
N.BA.l N.BA.6 
N.B.5.1 - N.B.5.2 

Clay masonry 
Calcium silicate masonry 
Dense and lightweight aggregate concrete masonry 
Autoc1aved aerated concrete masonry 
Manufactured stone masomy 

31 



BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

~ N.B.I Clay masonry 

Clay units COnf0n11ing to EN 771-1 

Table 1\.B.I.l Clay Masonry Minimum thickness of separating non-loadbearing walls 

(Criterion EJ) for fire resistance classifications 

row material properties: Minimum wall thickness (mm) tr for fire resistance classification EI for time (minutes) tfLu 

number 

I. 

1.1 

1.1.1 

1.1.2 

row 

number 

IS 

IS.I 

IS. J.I 

1 S.1.2 

1 S.1.3 

IS.IA 

I 

1.2 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

1.3 

1.3.1 

1.3.2 

1.3.3 

1.3.4 

2 

2.1 

2.1.1 

2.1.2 

2.1.3 

2.1.4 

32 

gross dry density p 30 45 60 90 120 180 

[kg/1ll3] 

Group 1 S, 1,2,3 and 4 units 

mortar: general purpose, thin layer, lightweight 

500 Sc P Sc 2 400 

60/100 90/100 901100 100/140 100/170 160/190 

(50/70) (50/70) (60/70) (70/100) (90/140) (I 101140) 

Table N.B.I.2 Clay masonry minimum thickness of separating loadbearing single-leaf walls 

(Criteria REI) for fire resistance classifications 

240 

190/210 

(170) 

material properties: Minimum wall thickness (mm) Ir for fire resistance classification REI for time (minutes) 

unit strength.A [N/nm12] tti.d 

gross dry density p [kg/m3] 

combined thickness ct 30 45 60 90 120 180 240 

% of wall thickness 

Group IS units 

5 Scjb Sc 75 general purpose mortar 

5 Scjio Sc 50 thin layer mortar 

I 000 Sc pSc 2400 

90 90 90 100 1001140 1701190 170/190 
aSc 1,0 

(70/90) (70/90) (70/90) (70/90) (90/140) (110/140) (J 701190) 

90 90 90 100 1001140 170 170 
0,6 

(70/90) (70/90) (70190) (70/90) (1001140) (110/140) (1401170) 

Group I units 

morlar: general purpose, thin layer 

5 75 

800 < pSc 2400 

90/100 90/100 90/100 1001170 140/170 170/190 1 
aSc 1,0 

(70/90) (70/90) (70/90) (70/90) (l00/140) (110/170) (17 

90/100 90/100 90/100 1001140 140/170 140/170 190/200 
aSc 0,6 

(70190) (70/90) (70/90) (70/90) (l00il40) (I ]0/170) (170/190) 

5 'S/t; 25 

500 -' P -' 800 

100 POO 200 200 200/365 200/365 300/370 
1,0 

(100) 70) (170) (170) (200/300) (200/300) 3001370 

0,6 100 170 170 200 200/365 200/365 300/370 

(100) (J40) (140) (170) (200/300) (200/300) (300/370) 

GI'OUp 2 units 

Mortar: general purpose, thin layer 

5 Scj;' Sc 35 

800 < pSc 2200 

cl::;:25% 

90/100 901100 90/100 100/170 1401240 190/240 190/240 
aSc 1,0 

(90/1 00) (90/100) (90/100) (100/140) (140) (190/240) (190/240) 

90/100 90/100 90/100 100/140 ~ 190/240 190/240 
0,6 

(90) (90) (901100) (100/140) (14011 90) (190) 



row 

number 

2.2 

2.2. I 

2.2.2 

2.2.3 

2.2.4 

2.3 

2.3.1 

2.3.2 

2.3.3 

2.3.4 

3 

3.1 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

4 

4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

5 

5.1 

5.1.1 

5.1.2 

5.1.3 

5.1.4 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

material properties: Minimum wall thickness (mm) fr for fire resistance classification REI for time (minutes) 

unit strength.l~ [N/mm2] tfi.d 

gross dry density p [kg/m 3J 

combined thickness ct 30 45 60 90 120 180 240 

% of wall thickness 

Mortar: general purpose, thin layer and lightweight 

5 Sell, Se 25 

700 pSe 800 

ct?::. 25% 

nvg 

~ 
nvg nvg 

Ilvg tit nvg 
1,0 

(100) (100: (90/170) (100/240) ( 140/300) (170/365) nvg 

nvg nvg nvg nvg nvg 
aSe 0,6 

(100) (90/140) (100/170) f I 00/300) 0) ( 190/300) 

mortar: general purpose, thin layer and lightweight 

5 ~.I~ ~ 25 

500 < pSe 900 

16% ~ ct< 25% 

tlvg nvg nvg nvg nvg n 
a~ 1.0 

(100) (170) (90/170) (1401300) (365) n 

nvg nvg nvg rt nvg nvg 190 
a~0,6 

(100) (140) (901140) (100/170) (140/300) (300) nvg 

Group 3 units 

mortar: general purpose, thin layer and lightweight 

5 

500 pSe 1200 

ct?::. 12% 

nvg nvg nvg Ilvg nvg nvg nvg 
a~ 1,0 

(100) (200) (240) (300) (365) (425) nvg 

I (~~~~365 300/365 300/365 300/365 300/365 300/365 365 
aSe 0,6 

(300/365) (300/365) /'1 "" 1'1" "" (300/365) (300/365) (3001365) (365) 

Walls in which holes in units are filled with mortar or concrete 

11100iar: general purpose, thin layer 

10 35 

500 pSe 1 200 

Cl?::. 10% 

90/100 90/100 90/100 140/170 140/240 170/240 190/240 
1,0 

(100) (100) (l00) (100) (140) (1701190) (190) 

90/100 90/100 90/100 100/140 100/170 140/240 190/240 
aSe 0,6 

(90/100) (100) (90/100) (100/140) (100/140) ( 140/190) (190) 

Group 4 units 

mortar: general purpose, thin layer and lightweight 

5~f~~35 

500 < p< I 200 

nvg llVg nvg nvg llVg nvg nvg 
a:::; 1,0 

(200/240) (200/240) (200/240) (300) (365) (425) nvg 

0,6 
nvg nvg nvg nvg nvg nvg nvg 

(200/240) (200/240) (200/240) (240) (300) (365) nvg 
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~ Table I\.B.1.3 Clay masonry minimum thickness of non-separating Joadbearing single-leaf walls ~l,Om in length 

(Criterion R) for fire resistance classifications 

row material properties: Minimum wall thickness or length (mm) tf for fire resistance classification R for time 

number unit strength/i) [N/mm2] (minutes) tii.d 

gross dry density p [kg/m3] 

combined thickness ct 30 45 60 90 120 180 240 

'X, of wall thickness 

IS 

IS.I purpose mortar 

50 thin layer mortar 

p:::2400 

I S.LI 100 100 100 240 365 490 nvg 

1 S.1.2 
a-:::' 1,0 

(100) (100) (100) (100) (170) (240) nvg 

I S.1.3 100 100 100 170 240 300 nvg 
0,6 

I S.IA (100) (100) (100) (100) (100) (200) nvg 

I Group I units 

1.1 mortar: general purpose, thin layer 

5 -:::'fl~ -:::. 75 

800 -:::. p-:::. 2400 

1.1 I 100 100 100 240 365 490 l1vg 

1.1.2 
a-:::'I,O 

(100) (100) (100) (100) (170) (240) nvg 

1.1.3 100 100 100 170 240 300 nvg 

1.1.4 
a-:::.O,6 

(l00) (100) (100) (100) (100) (200) nvg 

12 25 

500 -:::.p 800 

1.2.1 

~ 
100 JOO 100 365~ 490 nvg , ~'V 

1.22 Im1112 (100) (100) (100) (100) (170 (240) nvg 

] ,6 100 100 100 170 240 300 nvg 

1.2.4 .Ii, < 3 N/nm12 (100) (100) (l00) (J 00) (100 (200) llVg 

2 Group 2 units 

2.1 mortar: genera] purpose, thin layer 

5 -:::'ji, -:::. 35 

800 -:::. p-:::' 2 200 

ct2:: 25% 

2.1.1 100 100 100 240 365 490 nvg 

2.1.2 
a-:::'1,0 

(100) (100) (100) (100) (170) (240) nvg 

2.1.3 JOO 100 100 170 240 300 Ilvg 

2.1.4 
a-:::' 0,6 

(l00) (100) (100) (100) (J 00) (200) nvg 

2.2 5 25 

700 p-:::' 800 

cl,- 25% 

2.2.1 100 100 100 240 365 490 nvg 
a-:::'I,O 

2.2.2 (100/240) (100/240) (100/240) (100/240) (170/300) (240/365) nvg 

2.2.3 100 100 170 240 300 nvg 

2.2.4 
a-:::'0,6 

) (l00/170) (1001170) (l00/240) (100/240) (200/300) nvg 

2.3 mortar: general purpose, thin layer and lightweight 

5 -:::.fh 25 

500 900 

IM/o-:::.ct 25% 

2.3.1 a'S 1,0 nvg nvg nvg nvg nvg nvg nvg 

2.3.2 (100/240) (100/240) (100/240) (1001240) (J 701300) (240/365) nvg 

2.3.3 0,6 nvg llvg llVg nvg nvg llvg nvg 
2.3.4 (100/170) (100/170) (100/170) (100/240) (100/240) (200/300) nvg 

3 Group 3 units 
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row 

number 

3. I 

3.L1 

3.1 

3.1,3 

3.1.4 

4 

4.1 

4.1.1 

4.1.2 

4.1.3 
4.1.4 

5 

5.1 

5.1.1 

5.1.2 

5.1.3 

5.104 

row 

number 

IS 

IS.I 

I S.LI 

I S.L2 

IS. 1.3 

I S.1.4 

I 

1.1 

1.1.1 

1.1.2. 

1.1.3 

1.1.4 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

material properties: Minimum wall thickness or length (mm) fr for fire resistance classification R for time 

• 

unit strength!i, [N/mm2] (minutes) tfl.J 

gross dry density p [kg/m3] 

combined thickness ct 30 45 60 90 120 180 240 

% of wall thickness 

mortar: general purpose, thin layer and lightweight 

5 35 

500 p-::;.. 1200 

ct?:. 12~'o 

nvg nvg nvg nvg 'R nvg 
a-::;"I,O 

(100) (170) (240) (300) (365) (425) 
nvg 

I1Vg nvg nvg nvg 11 nvg 
a-::;"0,6 

(100) (140) (170) (240) (3 (365) 
nvg 

Walls in which holes in units are tilled with mortar or concrete 

mortar: general purpose, thin layer 

10 -::;"jl~ 35 

500 1200 

ct?:. 10% 

100 100 100 240 365 490 nvg 
1,0 

(100) (100) (100) (100) ( 170) (240) nvg 

100 100 100 170 240 300 nvg 
0:-::;" 0,6 

(100) (100) (100) (100) (100) (200) nvg 

Group 4 units 

mortar: general purpose, thill layer and lightweight 

5 ~.th ~ 35 
500 -::;..p-::;.. I 200 

0:-::;" 1,0 nvg nvg nvg nvg nvg nvg nvg 

(100) (170) (240) (300) (365) (425) nvg 

a-::;"0,6 nvg nvg nvg nvg nvg nvg nvg 

(100) (140) (170) (240) (300) (365) nvg 

Table N.B.1.4 Clay masonry minimum length of non-separating load bearing single-leaf walls <l,Om in length 

(Criterion R) for fire resistance classifications 

material properties: wall thickness Minimum wall1cngth (mm) lr for fire resistance classification R for time (minutes) tji.d 

unit strellgth!t~ [N/mm2] [mm] 

gross dry density p [kg/m3] 
30 45 60 90 120 180 240 

combined thickness ct 

% of wall thickness 

Group 1 S units 

5~jb-::;"75 purpose mortar 

5 ~/;, 50 thin layer mortar 

1000 p-::;.. 2 400 

a-::;"I,O nvg 
nvg nvg nvg nvg I1vg nvg 

nvg llvg nvu nvg I1vg Ilvg 

nvg nvg nvg I1vg I1vg nvg 
0,6 nvg 

nv nvg nvg nvg llVg nvg 

Group t units 

mortar: general purpose, thin layer 

5 -::;..j;'-::;" 75 

800 ~ ::; 2400 

990 990 990 nvg nvg 
100 

(490) (600) (600) (730) nvg 
a-::;"l,O 

600 730 730 990 nvg 
170 

(240) (240) (365) (365) (240) nv 

35 

@il 



BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

row material properties: wall thickness 

number unit strength/l~ [N/mm2] [mm] 

gross dry density p [kg/m'] 

combined thickness ct 

(Yo of wall thickness 

1.1.5 
240 

1.1.6 

1.1.7 
300 

1.1.8 

1.1.9 
100 

1.1.10 

1.1.1 1 
170 

1.1.12 

1.1.13 
a"S. 0,6 

240 
1.1.14 

1.1.15 
300 

1.1.16 

1.2 mOliar: general purpose, thin layer 

5 "S../l~ "S. 25 

500 "S.p"S. SOO 

1.2.1 
100 

1.2.2 

1.2.3 
170 

1.2.4 

1.2.5 
a"S. 1,0 

240 
1.2.6 

1.2.7 
300 

1.2.S 

1.2.9 
100 

1.2.10 

1.2.1 I 
170 

1.2.12 

1.2.13 
a"S. 0,6 

240 
1.2.14 

1.2.15 
300 

1.2.16 

2 Group 2 units 

2.1 mortar: general purpose, thin layer 

5"S..f1~"S.35 

800 < p"S. 2200 

c(::::25% 

2.1.1 
100 

2.1.2 

2.1.3 
170 

2.IA 

2.1.5 
a"S. 1,0 

240 
2.1.6 

2.1.7 
300 

2.I.S 

2.1.9 
100 

2.1.1 0 

2.1.11 
170 

2.1.12 

2.1.13 
a"S. 0,6 

240 
2.1.14 

2.1.15 
300 

2.1.16 

36 

Minimum wall length (mm) h for fire resistance classification R for time (minutes) ttld 

30 45 60 90 120 ISO 240 

365 490 490 600 nvg nvg nvg 
(170) (170) (170) (240) (240) (365) nvg 

300 365 365 490 nvg nvg nvg 
(170) (170) (170) (200) (240) (300) nvg 

600 730 730 990 nvg nvg nvg 

(365) (490) (490) (600) (730) nvg l1vg 

490 600 600 730 990 nvg nvg 
(240) (240) (240) (240) (300) nvg nvg 

200 240 240 300 365 490 nvg 
(170) (170) ( 170) (I 70) (240) (300) nvg 

200 200 200 240 365 490 nvg 
(170) (170) ( 170) (170) ( 170) (240) nvg 

990 990 990 nvg nvg nvg nvg 

(490) (600) (600) (730) nvg nvg nvg 

600 730 730 990 nvg nvg nvg 
(240) (240) (240) (365) (365) nvg l1Vg 

365 490 490 600 nvg nvg nvg 

(170) (170) (170) (240) (240) (365) l1Vg 

300 365 365 490 nvg nvg nvg 

( 170) (170) (170) (200) (240) (300) nvg 

600 730 730 990 nvg nvg l1vg 
(365) (490) (490) (600) (730) nvg nvg 

490 600 600 730 990 nvg nvg 
(240) (240) (240) (240) (300) nvg nvg 

200 240 240 300 365 490 nvg 
( 170) (170) ( 170) (170) ( 170) (240) l1Vg 

200 200 200 240 365 490 nvg 
(170) (170) ( 170) (170) (170) (240) nvg 

990 990 990 nvg nvg nvg nvg 
(490) (600) (600) (730) nvg nvg nvg 

600 730 730 990 l1vg nvg l1vg 
(240) (240) (240) (365) (365) nvg nvg 

365 490 490 600 nvg nvg nvg 
(170) (170) (170) (240) (240) (365) nvg 

300 365 365 490 nvg nvg nvg 
(170) (170) ( 170) (200) (240) (300) nvg 

600 730 730 990 nvg nvg nvg 
(365) (490) (490) (600) (730) nvg nvg 

490 600 600 730 990 nvg nvg 
(240) (240) (240) (240) (300) nvg nvg 

200 240 240 300 365 490 l1vg 
(170) (170) (170) ( 170) (240) (300) l1Vg 

200 200 200 240 365 490 nvg 
(170) (170) ( 170) (170) ( 170) (240) nvg 



row material properties: wall thickness 
number unit strengthj;' [N/mm2] [mm] 

gross dry density p [kg/mol 
combined thickness cl 

% of wall thickness 

2.2 5 25 

700 p:'S 800 

ct,- 25% 

2.2.1 
100 

2.2.2 

2.2.3 

2.2.4 
170 

2.2.5 
a:'S 1,0 

2.2.6 
240 

2.2.7 

2.2.8 
300 

2.2.9 

2.2.10 
100 

2.2.11 

2.2.12 
170 

2.2.13 

2.2.14 

0,6 

240 

2.2.15 

2.2.16 
300 

2.3 5 :'Sf;" 25 

500 :'Sp:'S 900 

16%<ct <25% 

2.3.1 

2.3.2 
100 

2.3.4 
170 

2.3.5 
a:'S \,0 

2.3.6 
240 

2.3.7 

2.3.8 
300 

2.3.9 

2.3.10 
100 

2.3.11 
170 

2.3.12 

2.3.13 
a:'S0,6 240 

2.3.15 

2.3.16 
300 

2.3.17 
2.3.18 365 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Minimum wall length (mm) IF for fire resistance classification R for time (minutes) ti1.J 

30 45 60 90 120 180 240 

990 990 990 nvg Ilvg nvg nvg 

(490) (600) (600) (730) nvg nvg nvg 

600 730 730 990 nvg nvg nvg 

(240) (240) (240) (365) (365) nvg nvg 

365 490 490 600 nvg nvg nvg 

( 170) ( 170) (1 (/40) (365) I1vg 

300 365 365 490 

L
nvg nvg I1vg 

(170) (170) (170) (200) (240) (300) 

:1 600 730 730 990 Ilvg nvg 

(365) (490) (490) (600) (730) Ilvg 

490 600 600 730 990 nvg nvg 
(240) (240) (240) (240) (300) nvg nvg 

200 240 240 300 365 490 nvg 
(170) (170) ( 170) (170) (240) nvg 

200 200 200 240 365 490 nvg 
(170) (170) (170) (170) (170) (240) nvg 

nvg Ilvg nvg nvg nvg nvg nvg 
(490) (600) (600) (730) nvg nvg nvg 

nvg nvg nvg nvg nvg nvg 

~ (240) (240) (240) (240) (365) (365) 

nvg nvg nvg nvg nvg nvg 
(170) (170) (170) (240) (240) (365) nvg 

nvg nvg nvg nvg nvg nvg nvg 

(170) (170) (170) (200) (240) (300) nvg 

nvg g nvg nvg nvg nvg nvg 

(365) 0) (490) (600) (730) va nvg 

nvg nvg nvg nvg nvg nvg 
(240) (240) (240) (240) (300) nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

(170) (170) (170) (170) (240) (300) nvg 

nvg nvg nvg nvg nvg nvg nvg 

( 170) (170) 

~ 
(170) (240) nvg 

nvg nvg nvg nvg I1vg nvg 

(\ 00) (170) (170) (240) (240) nvg 
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row 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

material properties: 

number unit strength/;' [N/mm2] 

gross dry density p [kgim"J 

combined thickness cf 

% of wall thickness 

3 Group 3 units 

\vallthickness 

[mm] 

3.1 mortar: general Plll110se and lightweight 

5 35 

500 1200 

cI_ 12% 

3.1.1 
240 

3.1.2 

3.1.3 
a~ 1,0 300 

3.1 

3.1.5 
365 

3.1.6 

3.1.7 
240 

3.1.8 

3.1.9 

3.1 10 
0,6 300 

3.1.1 1 
365 

3.1 12 

Minimum wall length (mm) Ir for fire resistance classification R for time (minutes) lfid 

30 45 60 90 120 180 240 

(36~~ nvg nvg nvg nvg nvg 

(240) (240) (240) (300) (300) 

nvg nvg nvg I1vg nvg nvg nvg 
(240) (240) (240) (240) (240) (300) nvg 

nvg nvg nvg nvg nvg nvg nvg 

(240) (240) (240) (240) (240) (240) nvg 

l1vg nvg nvg nvg nvg I1vg nvg 

(240) (240) (240) (240) (240) (365) nvg 

~ nvg nvg nvg nvg 
~nvg 

Ilvg 

(170) (170) (170) ( 170) (240) 240) nvg 

I1vg nvg nvg nvg nvg nvg nvg 

(170) (170) (170) (170) (240) (240) I1vg 

4 \Valls in which holes in units are filled with mortar or concrete 

4.1 mortar: general purpose and thin layer 

1 0 ~fl~ ~ 35 

500 ~p~ 1 200 

cl;:: 10% 

4.1.1 990 990 990 nvg 

t± 
nvg nvg 

100 
4.1.2 (490) (600) (600) (730) nvg nvg 

4.1.3 600 730 730 990 nvg nvg 
170 

4.1.4 (240) (240) (240) (365) Ilvg nvg 

4.1.5 
1,0 

365 490 490 600 nvg 
240 

nvg nvg 

4.1.6 (240) (170) (170) (240) (240) (365) nvg 

4.1.7 300 365 365 490 nvg nvg nvg 
300 

4.1.8 (170) (170) (170) (200) (240) (300) nvg 

4.1.9 
1{\{\ 

600 730 730 990 nvg nvg 

4.1.10 (365) (490) (490) (600) (730) nvg nvg 

4. Lil 490 600 600 730 990 nvg Ilvg 
170 

4.1.12 (240) (240) (240) (240) (300) nvg nvg 

4.1.13 
as: 0,6 

200 240 240 300 365 
240 

490 nvg 

4.1.14 (170) (170) (170) (170) (240) (300) nvg 

4.1.15 200 200 200 240 nvg 
300 

4.1.16 (170) (170) (170) (170) nvg 
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row material properties: wall thickness 
number unit strengthfb [N/mm2] [111m] I 

gross dry density p [kg/m 3
] 

! 

combined thickness c/ 

I % of wall thickness 

5 Group 4 units 

5.1 mortar: general purpose and lightweight 
5 35 

500 5:.p5:. 1200 

5.1.1 

5.1.2 
240 

5.1.3 

5.IA 
a 5:. 1,0 300 

5.1.5 

5.1.6 
365 

5.1.7 

5.1.8 
240 

5.1.9 

5.1.10 
a 5:. 0,6 300 

5.1.11 

I 
365 

5.1 12 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

J\1inimum wall length (111m) Ir for fire resistance classification R for time (minutes) tli.d 
, 

30 45 

I 
60 90 120 180 240 

nvg nvg nvg nvg Ilvg nvg nvg 

nvg nvg nvg nvg I1vg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg ! I1vg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg 

! 
I1vg nvg 

nvg I1vg nvg nvg nvg nvg nvg 
nvg I1vg nvg nvg nvg nvg nvg 

nvg nvg I1vg nvg nvg nvg nvg 

nvg nvg Ilvg nvg nvg nvg I1vg 

nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

Table N.B.I.5 Clay masonry minimum thickness of sepat'ating loadbearing and non-Ioadbearing single and double leaf fire walls 

(Criteria REI-M and EI-M) for fire resistance classifications 

thickness (mm) IF for tire reSlStlmc:e "J"e,oiti""linn 

REI-M and El-M for time 

60 90 

5 ~ib ~ 50 thin layer mOliar 

I S.I.I 

I S.1.2 

I S.1.3 

I S.IA 

1.1 

1.1.1 240 240 240 240 365 365 nvg 
a5:. 1,0 

1.1.2 (170) (170) (170) (170) (365 (365) nvg 

1.1.3 240 240 240 240 365 365 llvg 
1.IA 

a 5:. 0,6 
( 170) (170) (170) ( 170) 365 (365) nvg 

1.2 5 5:.ib 5:. 25 

5005:. p5:. 800 

1.2.1 240 240 240 240/300 365 365 Ilvg 

1.2.2 
a 5:. 1,0 

(170) (170) (170) ( 1701240) (365) (365) nvg 

1.2.3 240 240 240 240/300 365 365 nvg 
a 5:. 0,6 

(170) (170) (170) ( 1701240) (365) (365) nvg 
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BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

row material properties: Minimum wall thickness (111m) IF for tire resistance classification 

number unit strength/i, [N/mm2] 

gross dry density p [kg/mJ] 

combined thickness cI 30 45 

i % of \valllhickness 

·2 Group 2 units 

2.1 mortar: general purpose, thin layer 

5 5:../I~ 5:. 35 

8005:. p5:. 2200 

cl2: 25% 

2.1.1 240 240 

2.1.2 
a5:.1,Q 

(170) (170) 

2.1.J 240 240 
a-s.0,6 

2.1.4 (170) (170) 

2.2 mortar: general purpose, thin layer and lightweight 

5 5:. 25 

7005:. p5:. 800 

cl2: 25% 

2.2.1 240/365 240/365 

2.2.2 
0:5:. 1,0 

(170/240) (170/240) 

2.2.3 240/365 240/365 

2.2.4 
0:5:. 0,6 

(170/240) (170/240) 

2.3 mortar: general purpose, thin layer and lightweight 

5 25 

500 p5:.900 

16%) 5:. ct 5:. 25'10 

2.3.1 365 365 

2.3.2 
0:5:. 1,0 

(170) (170) 

2.3.3 365 365 

2.3.4 
0,6 

(170) (170) 

! 3 Group 3 units 

3.1 mortar: general purpose, lightweight, thin layer, 

vertical perforation 

5 5:. 35 

500 p5:.1200 

cf,- 12% 

3.1.1 nvg nvg 

3.1.2 
0:5:. 1,0 

(365) (365) 

3.1.3 nvg nvg 

I 3.1 
a 5:. 0,6 

(365) (365) 

4 Walls in which holes in units are filled with mortar or concrete 

4.1 mortar: general purpose, thin layer, 

55:../b 35 

4.1.1 

4.1.2 

4.1.3 

4.J .4 

5005:.p5:.1200 

2: 10% 

0: 5:. 1,0 

a 5:. 0,6 

5 Group 4 units 

240 

(170) 

240 

(170) 

5.1 mortar: general purpose, lightweight, thin layer, 

5 5:.'/;, 35 

5.1.1 

5.1.2 

40 

500 p5:.' 200 

12% 

240 

(I 70) 

240 

(170) 

RE1-M and EI-M for time (minutes) Iti.d 

60 
I 

90 120 180 
! 

240 240 365 365 

(170) (170) (365) (365) 

240 240 
I 

365 365 

(170) ( 170) I (365) (365) 

240/365 240/365 365 365 

(170/240) (170/300) (365) (365) 

240/365 240/365 365 365 

(170/240) (170/240) (365) (365) 

365 365 nvg nvg 

(170) (170/365) (365) (365) 

365 365 nvg nvg 

(170) I (170/300) (365) (365) 

nvg nvg nvg nvg 

(365) (365) nvg nvg 

nvg llvg Ilvg nvg 

(365) (365) nvg nvg 

240 240 nvg nvg 

(170) (170) nvg nvg 

240 240 nvg nvg 

(J 70) (170) nvg nvg 

240 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 
nvg 

nvg 

nvg 

nvg 

nvg 

nvg 
nvg 

I 

I 

i 
I 

I 

! 

I 

! 



row 

number 

5.1.3 

5.1.4 

material properties: 

unit strength/l; [N/mm2] 

gross dry density p [kg/m'] 

combined thickness cl 30 

~iiJ of wall thickness 

a::; 0,6 
nvg 

nvg 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Minimum wall thickness (111m) Ir for fire resistance classification 

REl-M and EI-M for time (minutes) ItLd 

45 60 90 120 180 240 

nvg Ilvg nvg Ilvg nvg nvg 

nvg nvg nvg nvg nvg nvg 

Table N.B. t.6 Clay masonry minimum thickness of each leaf of separating loadbeariug cavity walls with one leaf loaded 

(Criteria REI) for fire resistance classifications 

material properties: Minimum wall thickness (111m) Ir for fire resistance classification REI for time (minutes) Ili.d 
I row 

number unit strength .Ii, [N/mm2] 

gross dry density p [kg/m'] 
30 45 60 90 120 180 240 

combined thiekness ct 

% of wall thickness 

IS Group IS units 

IS.I 5 ::; 75 general purpose mortar 

5 ::;.1;' ::; 50 thin layer mortar 

1 000 s: P s: 2 400 

1 S.!.I 90 90 90 100 100 nvg I1vg 

1 S.1.2 
1,0 

(90) (90) (90) (90) (100) nvg nvg 

I S.U 90 90 90 100 100 nvg I1vg 

IS.l.4 
as: 0.6 

(90) (90) (90) (90) (100) nvg nvg 

I Group 1 units 

1.1 mortar: general purpose, Ihil1 layer 

5 ::;./l, s: 75 

800 s:ps: 2 400 

1.1.1 90 90 90 100 100/170 I1vg nvg as: 1,0 
1.1 (90) (90) (90) (90/100) (100) nvg nvg 

1.1.3 90 90 90 100 i 1001140 nvg nvg 
0,6 

I.IA (90) (90) (90) (90) (100) nvg nvg 

1.2 morlar: general purpose, thin layer 

5 25 

500 -' p::; 800 

1.2.1 100 170 170 240 365 nvg nvg 
a::; 1,0 

1.2.2 (100) (140) (140) (200) (300) nvg nvg 

1.2.3 100 140 170 200 300 nvg nvg as: 0,6 
1.2A (100) (140) (140) (170) (300) nvg llvg 

12 Group 2 units 

2.1 mortar: general purpose, thin layer, 

5 ::;fl; 35 

800 ps: 2200 

ct 2: 25% 

2.1.1 100 100 100 140/170 170/240 nvg nvg as: 1,0 
2.1.2 (100) (lOa) (100) (100) (1001140) nvg nvg 

2.1.3 100 100 100 100/140 170 nvg Ilvg as: 0,6 
2.IA (100) (100) (100) (100) (100/140) Ilvg nvg 

2.2 15 S:/l~::; 25 

700 s: p::; 800 

cl 25% 

2.2.1 100 100 100 170 240 nvg nvg 

2.2.2 
1,0 

(100) (l00) (100) (100) (140) nvg nvg 

2.2.3 100 100 100 140 170 nvg nvg as: 0,6 
2.2.4 (100) (100) (100) (100) (100) nvg nvg 
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row I material properties: Minimum wall thickness (111m) If for fire resistance classification REI for time (minutes) II,d 

number unit strength/l~ [N/mm2] 
I 

. 

i gross dry density p [kg/m'J 
30 45 60 90 120 180 240 

combined thickness cl 

I ~/~ of wall thickness 
• 

. 

2.3 mortar: general purpose, thin layer and lightweight 

5 -:; fh -:; 25 

500 -:; p-:; 900 

16%-:;('1<25% 

2.3.1 nvg nvg nvg nvg nvg nvg nvg 

2.3.2 
1,0 

(100) (100) (1001170) (100/240) (140/300) nvg nvg 

2.3.3 100 100 100 140 170 nvg nvg 

. 2.3.4 
0,6 

( 100) (100) (100/140) (100/1 70) (100/300) nvg nvg 

I 3 Group 3 units 

3.1 1110rtar: general purpose, thin layer and lightweight 

5 -:;'/'0 
500 -:; p-:; 1 200 

C/2: 12'% 

3.1.1 nvg nvg nvg nvg nvg nvg 

3.1.2 
a-:; 1,0 

(100) (170) (240) (300) (365) nvg nvg 

3.1.3 nvg nvg nvg IlVg nvg nvg nvg 
0.6 

3.1.4 (100) (140) (170) (240) (300) nvg nvg 

4 Walls in which holes in units are filled with mortar or concrete 

4.1 mortar: general purpose and thin layer 

10 35 

500 1200 
c/ __ 10% 

1.1 100 100 100 170 240 nvg nvg 
4.1.2 

0:-:; 1,0 
(l00) (100) (100) (100) (140) nvg nvg 

4.1.3 100 100 100 140 170 nvg nvg 

4.1.4 
a-:; 0,6 

(l00) (l00) (100) (100) (100) nvg nvg 

5 Group 4 units 

5.1 mortar: general purpose, thin layer and lightweight 

5 -:;'/b -:; 35 

500 _ P -' I 200 

(100) (170) (240) (300) (365) nvg nvg 

5.1.4 (100) (140) (170) (240) (300) nvg nvg 

N.B.2 Calcium silicate masonry 

Calcium silicate units conlorming to EN 771-2 @j] 
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~ Table N. B.2.1 Calcium silicate masonry minimum thickness of separating non-load bearing separating walls 

(Criteria E1) for fire resistance classifications 

row material properties: 

number 

gross dry density p [kg/m3] 

Grou lS, 1, 2 and 3 units 

1.1 

1.1.1 140/200 

1.1.2 (170) 

1 .2 mortar: thin 

1.2.1 

1.2.2 

row 

number 

IS 

IS.I 

1 S.!.I 

I S.1.2 

IS.I.3 

1 S.IA 

IS.2 

I S.LI 

IS.2.2 

IS.2.3 

I S.2.4 

I 

1.1 

1.1.1 

1.1.2 

1.1.3 

1.104 

1.2 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

2 

400 

Table N.B.2.2 Calcium silicate masonry minimum thickness ofsepnating load bearing single-leaf walls 

(Criteria REI) for fire resistance classifications 

140/200 

(170) 

material properties: Minimum wall thickness (mm) for fire resistance classification REI for time (minutes) Ili.J 

unit strength/l, [N/mm2] 

gross dry density p [kg/mJ] 30 45 60 90 120 I 180 I2C 
Group 1 S units 

mOl1ar: general purpose 

) 2 :sf;':s 75 

I 700:S P :s 2 400 

90 90 90 100 100/170 170 I 
o::s 1,0 

(90) (90) (90) (90/100) (100/140) (170) ( 

90 90 90 100 100/10 170 140/190 
0:"5:0,6 

(90) (90) (90) (90/100) (100/140) (170) (140/190) 

morlar: thin layer 

12 15 

I 700 "5: p"5: 2 400 

90 90 90 100 100/170 170 140/190 
1,0 

(90) (90) (90) (90/1 00) (100/140) (170) (140/190) 

90 90 90 100 100/170 170 140/190 
0:"5:0,6 

(90) (90) (90) (90/100) (100/140) (170) ( 1401190) 

Group 1 units 

mortar: general purpose 

12 :Sf;':S 75 

I 400:s p:s 2 400 

90/100 90/100 90/100 100 140/200 190/240 190/240 
a< 1,0 

(90/100) (90 I 100) (90/100) (90 1100) 0/190) (140) 

0: 
90/100 90/100 90/100 100 120/40 170/200 190/200 

0,6 
(90/100) (90/ 100) (90/ 100) (100) (100) (140) (140) 

mortar: thin layer 

12 75 

I 400....: p"5: 2 400 

90/100 90/100 90/100 100 140/200 190/2· 
a"5: 1,0 

(90/ 100) (90/100) (90/100) (90 II 00) (140) (170/ 190) (140) 

90/100 90 1100 90/100 100 120/40 170/200 190/200 
o::s 0,6 

(90/ 100) (901 100) (90/ 100) (100) (100) (140) (140) 

Group 2 units 
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row material properties: 

number unit strength/;' [N/mm2] 

gross dry density p [kg/m'] 

2.1 mortar: general purpose 

6 s../i, S. 35 

700 < ps. I 600 

2.1. J 
1.0 

2.1.2 

2.1 

2.1A 
as. 0,6 

2.2 mortar: thin layer 

6 35 

700 S. ps. 1 600 

2.2.1 

2.2.2 
as. 1,0 

2.2.3 

2.2A 
as. 0,6 

Minimum wall thickness (mm) 

30 45 60 

100 100 100 

(100) (100) (100) 

100 100 100 

(100) (100) (l00) 

100 100 100 

(100) (100) (l00) 

100 ]00 100 

(100) (100) (100) 

for fire resistance classification REI for time (minutes) tn.d 

90 120 I 180 240 

100/140 200 240 I1vg 

(100) (170) (190) nvg 

100 140 200 nvg 

( 1(0) (l00) (140) nvg 

100/140 200 240 I1vg 

(l00) (170) (190) nvg 

100 140 200 nvg 

(100) (l00) (140) nvg 

Table N.B.2.3 Calcium silicate masonry minimum thickness of non-separating loadbearing single-leaf walls 2':1 ,Om in length 

(Criterion R) for fire resistance classifications 

row material properties: Minimum wall thickness or length (mm) If for fire resistance classificatjoll R for time (minutes) 

number unit strengthf~ [N/mm2] !r,d 

gross dry density p [kg/m3
] 30 45 60 90 120 180 240 

IS Group 1 S units 

IS.I mortar: general purpose 

15 'Sjl~ 'S 75 

I 700 'S P S. 2 400 

I S.U 100 100 100 100/140 200 240 I1vg 

IS.I.2 
a'S 1,0 

(100) (100) (100) (l00) (170) (190) nvg 

I S.U 100 100 100 100/140 170 200 nvg 

I S.IA 
0,6 

(100) (100) (100) (100) (170) (170) nvg 

I S.2 mortar: thin layer 

I 75 

1700 p'S 2400 

IS.2.1 100 100 HH¥ 200 

Hi-IS.2.2 
as. 1,0 

(100) (100) 

(100) (I~O: 
(170) ( V" 

I S.2.3 100 100 ]70 200 nvg 

1 S.2A 
a'S 0.6 

(l00) (l00) (170) (170) nvg 

I Group 1 units 

1.1 mortar: general purpose 

12 Sj~ 'S 

I 400 'S P 'S 2 400 

1.1.1 100 100 100 140 200 240 nvg 

1.1.2 
a'S 1,0 

(100) (100) (\ (0) (100) (170) (190) nvg 

1,1,3 100 100 100 1001140 170 200 nvg 
0,6 

I.IA (100) (100) (100) (100) (100) (170) nvg 

I mortar: thin layer 

12 'Sj;' 'S 75 

I 400 'S P S 2 400 

1.2.1 JOO 100 100 100/140 200 240 nvg 

1.2.2 
as 1,0 

(100) (l00) (100) (100) (170) (190) nvg 

1.2.3 100 100 100 100/140 170 200 nvg 
a'S 0,6 

1.2A (100) (100) (100) (J (0) (100) (170) nvg 

2 Group 2 units 
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ro\V material properties: 
number unit strength./i, [N/l11m2] 

gross dty density P Ikg/m3] 

2.1 mortar: general purpose. 

6 S:.A S: 35 

700 < p< J 600 

2.1 I 

2.1.2 
as: 1,0 

2.1.3 

2.1.4 
as: 0,6 

2,2 mortar: thin layer 

6 35 

700 S: P < I 600 

2.2.1 

2.2.2 
1,0 

2.2.3 

2,2.4 
as: 0,6 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Minimum wall thickness or length (mm) IF for fire resistance classi fication R for time (minutes) 

tfi.d 

30 45 60 90 120 180 240 

100 100 100 140 200 240 nvg 

(100) (100) (100) (l00) (170) (200) nvg 

100 100 100 140 170 200 nva 
to 

(l00) (100) (100) (100) (IOO) ( 170) nvg 

100 100 100 140 200 240 nvg 

(100) (100) (100) (100) ( 170) (200) I1vg 

100 100 100 140 170 200 nvg 

(100) (100) (100) (100) (l00) (170) nvg 
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~ Table N.B.2.4 Calcium silicate masonry minimum length of non-separating loadbearing single-leaf walls <I,Om in length 

(Criterion R) for fire resistance classifications 

row material properties: wall thick- Minimum wall length (mm) If for fire resistance classification R for time (minutes) ffid 

number unit strength!t; ness [mm] 
[N/mm2] 

30 45 60 90 120 180 240 
gross dry density p 

[kg/m3] 

I Group I and Group 2 units 

1.1 mortar: general purpose, thin layer 

15 75 

1700 _p<2 400 

1.1.1 490 630 630 990 1000 1000 1000 
100 

(490) 1.1.2 (365) (490) (730) (990) nvg nvg 

1.1.3 365 490 490 I 730 990 1000 1000 
140 

1.1.4 (300) (365) (365) (630) (730) nvg nvg 

1.1.5 365 490 490 730 990 1000 1000 
150 

(300) (365) 1.1.6 (365) (630) (730) nvg nvg 

1.1.7 240 240 240 300 300 490 nvg 
170 

1.1.8 (240) (240) (240) (240) (240) (300) nvg 

I 1.9 
as. 1,0 

240 240 240 300 300 490 
200 

nvg 

1.1.10 (240) (240) (240) (240) (240) (300) nvg 

1.1.1 I 170 170 170 
240 

240 240 365 nvg 

1.1.12 (nvg) (nvg) (nvg) (170) (170) nvg nvg 

1.1.13 170 170 170 170 170 300 nvg 
300 

1.1.14 (200) nvg 

1.1.15 nvg 170 170 170 170 240 nvg 
365 

1.1.16 (100) (nvg) (nvg) (nvg) (nvg) (nvg) nvg 

1.1.17 365 490 490 _ 730 1000 1000 nvg 
100 

1.1.18 (300) (365) (365) I (615) (990) nvg nvg 

1.1.19 300 300 300 615 730 990 nvg 
1.1.20 

140 
(300) I (615) (240) (300) (490) (730) nvg 

1.1 I 300 300 300 615 730 990 nvg 
150 

1.1.22 (240) (300) (300) (490) (615) (730) nvg 

1.1.23 240 240 240 240 240 365 nvg 
170 

1.1.24 (240) (240) (240) (240) (240) (365) nvg 

1.1.25 
as. 0,6 

240 240 240 240 240 365 
200 

nvg 

1.1.26 (240) (240) (240) (240) (240) (365) nvg 

1.1.27 
240 

170 170 170 170 170 300 nvg 

1.1.28 nvg nvg nvg I nvg nvg nvg nvg 

1.1.29 170 
300 

170 170 170 170 240 I nvg 

1.1.30 nvg nvg nvg l1vg nvg nvg nvg 

1.1.3 I 170 170 170 170 170 170 nvg 
365 

1.1.32 nvg nvg nvg I1vg nvg nvg nvg 
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~ Table N.B.2.5 Calcium silicate masonry minimum thickness of separating loadbearing and non-Ioadbearing 

sigle and double leaf fire walls 

(Criteria REI-M and EI-!VI) for fire resistance classifications 

row material properties: Minimum wall thickness (m111) IF for fire resistance classiCication 
number unit strengthfl, [N/mm2] REI-M and EI-M for time (minutes) tr..d 

gross dry density p [kgim3] 30 45 60 90 120 180 240 

IS Gl'OUp I S units 

IS.I mortar: general purpose 

12,5 '5:/b 35 

I 700 =,1) '5: 2 400 

I S.1.1 170/240 170/240 170/240 170/240 240/300 240/300 nvg 
a'5: 1,0 

IS.1.2 nvg nvg nvg nvg nvg nvg nvg 

1 S.1.3 nvg nvg nvg nvg nvg nvg nvg 
a '5: 0,6 

IS.I.4 nvg nvg nvg (170) nvg nvg nvg 

I S.2 mortar: thin layer 

12,5 '5:/I~ '5: 35 

I 700 '5: P -' 2 400 

IS.2.1 170/240 170/240 1701240 170/240 240/300 240/300 nvg 
a'5: 1,0 

I S.2.2 nvg nvg nvg nvg nvg I1vg nvg 

IS.2.3 nvg nvg nvg nvg nvg nvg nvg 
{/.'5: 0,6 

I S.2.4 nvg nvg nvg (170) nvg nvg nvg 

1 Group] units 

1.1 mortar: general purpose 
12,5 '5: 35 

I 400 '5: p...; 2 400 

l. 1.1 240 240 240 240 300 300/365 nvg 
1.1.2 

a'5: 1,0 
nvg nvg llvg nvg nvg nvg nvg 

1.1.3 nvg nvg nvg 170 nvg 240 nvg 
a'5: 0,6 

I.IA nvg nvg nvg nvg nvg nvg I1vg 
1.2 mortar: thin layer 

12,5 '5:/b 35 

1 400 '5: P '5: 2 400 

1.2.1 240 240 240 240 300 300/365 nvg 
a'S 1,0 

1.2.2 nvg nvg nvg nvg nvg nvg nvg 
1.2.3 nvg nvg nvg 170 nvg 240 nvg 

{/.'5: 0,6 
1.2.4 nvg nvg nvg nvg nvg nvg nvg 
2 Group 2 units 

2.1 mortar: general purpose 

6 '5:/b '5: 35 

700 '5: P S. 1 600 

2.1.1 300 300 300 300 300/365 365/490 nvg 
{/.'5: 1,0 

2.1.2 nvg nvg nvg nvg nvg nvg nvg 

2.1.3 nvg nvg nvg nvg nvg nvg Ilvg 
{/.'5: 0,6 

2.J .4 nvg nvg nvg llVg Ilvg nvg nvg 

2.2 mortar: thin layer 
6 35 

700'5: p'5: I 600 

2.2.1 300 300 300 300 300/365 365/490 nvg 
a'5: 1,0 

2.2.2 nvg nvg nvg nvg nvg I1vg nvg 
2.2.3 nvg nvg I1vg nvg nvg nvg nvg 

a '5: 0,6 
2.2.4 nvg nvg nvg nvg nvg nvg nvg 
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~ Table N.B.2.6 Calcium silicate masonry minimum thickness of each leaf of separating loadbearing cavity walls with one leaf loaded 

(Criteria REI) for fire resistance classifications 

row material properties: Minimum wall thickness (mm) Ir for fire resistance classification REI for time (minutes) tfid 

number unit strength/i, [N/mm2] 
gross dry density p [kghn3

] 
30 45 60 90 120 180 240 

IS Group IS units 

IS.I mortar: general purposer 

12 :S./i,:S 35 

I 700:S p:s 2400 

I S.I.I 
I a:S 1..0 

90 90 90 100 140/170 170 190 

IS.I (90) (90) (90) (90/100) (100/140) (170) ( 190) 

I S.U 90 90 90 100 140/170 170 190 

I S.I.4 
a:s 0,6 

(90) (90) (90) (90/100) (100/140) (170) (190) 

IS.2 mortar: thin layer 

12 

1 700:S p:s 2400 

IS.2.1 90 90 100 140/~170 190 

IS.2.2 
a:S \,0 

(90) (90) (9011 00) (100/1 170) (190) 

IS.2.3 i-t 90 90 100 140/170 170 190 

1 S.2.4 
a:S 0,6 

(90) (90) (90) (90/100) (100/140) (170) (190) 

I Group 1 units 

1.1 mortar: general purpose 

8 S./i,S 48 

I 400:s p:s 2 400 

1.1.1 9011 00 90/100 90/100 100 140/200 190/240 190/240 
as 1,0 

1.1.2 (90/1 00) (90/100) (90/1 00) (901l 00) (140) (170/]90) nvg 

1.1.3 90/100 901100 90/1 00 100 

~ 
170/200 J 901200 

1.1.4 
0,6 

(901 I 00) (90/100) (90/100) (100) (140) nvg 

1.2 mortar: thin layer 

8 

I 400....: p....: 2 400 

1.2.1 90/100 90/100 901100 100 140/200 190/240 190/240 

I 
aSI,O 

(90/100) (901100) (90/100) (90/100) (140) (170/190) nvg 

1.2.3 90/100 90/100 90/100 100 120/140 170/200 190/200 

1.2.4 
aSO,6 

(90/100) (90/100) (90/100) (100) (100) (140) nvg 

2 Group 2 units 

mortar: general purpose 

6 35 

700:S p< I 000 

2.1.1 100 100 100 100 200 240 nvg 

2.1.2 
1,0 

(100) (100) (100) (100) ( 170) (190) nvg 

2.1.3 100 100 100 100 140 200 nvg 
0.6 

2.104 (100) (100) (100) (100) (100) (140) nvg 

2.2 mOliar: thin layer 

6 S./l~ 35 

700 < p< I 000 

2.2.1 100 100 100 100 200 240 nvg 

2.2.2 
aSI,O 

(100) (100) (100) (l00) (170) (190) nvg 

2.2.3 100 100 100 100 140 200 I nvg 
2.2.4 

a:S 0,6 
(100) (l00) (100) (100) (100) (140) nvg 
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row 

1'1.8.3 Dense and lightweight aggregate concrete masonry 

Dense and lightweight aggregate concrete units confonning to EN 771-3 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Table N.8.3.1 Dense and lightweight aggregate concrete masonry minimum thickness of separating non-load bearing separating 
walls (Criteria EI) for fire resistance classifications 

material properties: Minimum wall thickness (mm) tF for fire resistance classification EI for time (minutes) tli,e! 

number unit strength/h [N/mm2] 

I I I I I I gross dry density p [kg/m:l] 
30 45 60 90 120 180 240 

I Group 1 units 

mortar: general purpose, thin layer, lightweight 

1.l lightweight aggregate 

2 -:;'/1;-:;' 15 

400 -:;.p-:;. I 600 

1.1.1 50 

I 

70 

I 

70 190 

I 

701 140 

I 

70 I 140 

I 

90 I 140 

I 
100 I 190 

1.1.2 (50) (50) (50/70) (60/70) (70/140) (70 I 140) (70 1170) 

1.2 dense aggregate 

6-:;''/t;-:;.35 

1 200 -:;. p-:;. 2 400 

1.2.1 50 

I 

70 

I 

70 I 90 

I 

90/140 

I 
90 I 140 

I 
100/190 

I 
100 I 190 

1.2.2 (50) (50) (50170) (70) (70/90) (90 I 1(0) (100 I 170) 

2 Group 2 units 

mortar: general purpose, thin layer, lightweight 

2.1 lightweight aggregate 

2 -:;',/1;-:;' 15 

240 -:;. p-:;. 1200 

2.1.1 50 

I 

70 

I 

70 I 100 

I 

70 190 

I 

100 I 140 

I 

100 I 200 

I 

140/200 

2.1.2 (50) (50) (50/90) (70) (701140) (90 I 1(0) (100 I 200) 

2.2 dense aggregate 

6 -:;''/t; -:;. 35 

720 -:;.p-:;. 1650 

2.2.1 50 

I 

70 

I 

70 I 100 

I 

70 I 90 

I 

90 1200 

I 

100 1200 

I 

125 1200 

2.2.2 (50) (50) (50 170) (70) (90/140) (90 I 140) (100/200) 

3 Group 3 units 

mortar: general purpose, thin layer, lightweight 

3.1 lightweight aggregate 

2 -:;'/t;-:;.IO 

160 -:;.p-:;. 1000 

3.1.1 nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

3.1.2 Ilvg nvg Ilvg Ilvg nvg Ilvg nvg 

3.2 dense aggregate 

6 -:;'/h -:;. 20 

480 -:;.p-:;. 1000 

3.2.1 100 

I 

nvg 

I 

150 

I 

200 

I 

nvg 

I 

nvg 

I 

nvg 

3.2.2 nvg nvg nvg nvg nvg nvg nvg 

4 Walls in which holes in units are filled with mortar or concrete 

mortar: general purpose and thin layer 

4.1 lightweight aggregate 

2 -:;../",-:;. 10 

160 -:;.p-:;. I 000 

4.1.1 nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

4.1.2 nvg nvg nvg nvg nvg nvg nvg 

4.2 dense aggregate 

6 -:;''/h -:;. 20 

480 -:;. p-:;. I 000 

4.2.1 nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 

nvg 

I 
nvg 

I 

nvg 

4.2.2 nvg nvg nvg nvg nvg nvg nvg 

49 



BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

~ Table N.B.3.2 Dense and lightweight aggregate concrete masonry minimum thickness of separating loadbearing single-leaf walls 

(Criteria REI) for fire resistance classifications 

row material properties: Minimum wall thickness (mm) tr for fire resistance classification REI for time (minutes) (tid 

number unit strengthj;' [N/mm2] 

gross dry density p [kg/m'l 
30 45 60 90 120 180 240 

I Group 1 units 

mortar: general purpose, thin layer, lightweight 

1.1 lightweight aggregate 

2 S.li, S 15 

400 < pS I 600 

1.1.1 90 1170 90/170 90 I 170 100 I 170 100 I 190 140 I 240 150 I 300 

1.1.2 
as 1.0 

(90/140) (90 I 140) ( 90 I 140) (90 I 140) (90 I 170) (100 I 190) (100 I 240) 

1.1.3 70 1140 70 I 140 70 1140 90 1170 90 I 170 100 1190 100 I 240 

1.1.4 
asO,6 

(60 1100) (60 I 100) (60/100) (70/100) (70 I 140) (90 I 170) (90 I 190) 

1.2 dense aggregate 

6 S.ll~ S 35 

I 200 S P S 2 400 

1.2.1 90 I 170 90 I 170 90 I 170 90 I 170 100 I 190 140 1240 1501300 

1.2.2 
as 1,0 

(90/140) (100/140) (901140) (90/140) (90/170) (100/190) (100/240) 

1.2.3 70 I 140 90 I 140 70 I 140 90 I 170 90 I 170 100 I 190 140 1240 

1.2.4 
aSO,6 

(60 1100) (701 100) (70 1100) (70 1100) (70 I 140) (90 I 170) (100 I 190) 

2 Group 2 units 

1110rtar: general purpose, thin layer, lightweight 

2.1 I igh t weigh t aggregate 

2 S.ll~ S 15 

240SpS 1200 

2.1.1 90 I 170 100 1170 100 I 170 100 1170 100 I 190 140 1240 150/300 

2.1.2 
as 1,0 

(90 I 140) (90/140) (90/140) (90/140) (100/170) ( 140/190) (140/240) 

2.1.3 70/140 701140 90/140 90/170 100/170 125/190 1401240 

2.1.4 
aSO,6 

(70/100) (70/1 00) (701100) (70/100) (90/140) (1001170) (125/190) 

2.2 dense aggregate 

6 S.lI~:S 35 

720 SpS 1650 

2.2.1 90 I 170 100 1170 100 1170 100/170 100 I 190 140 I 240 150/300 

2.2.2 
as 1,0 

(90 I 140) (90 I 140) (90/140) (100/140) (100/170) ( 1401190) (150/240) 

2.2.3 90/140 90/140 100/140 100/170 100/170 1401190 150/240 

2.2.4 
aSO,6 

(70/100) (90/1 00) (90/100) (90/100) (100/140) (125/170) (140/190) 

3 Group 3 units 

mortar: general purpose, thin layer, lightweight 

3.1 lightweight aggregate 

2 :S.li,:S I 0 

160 S pS 1 000 

3.1.1 nvg nvg nvg nvg I1vg nvg nvg 
as 1,0 

3.1.2 nvg nvg nvg nvg I1vg nvg nvg 

3.1.3 nvg nvg nvg nvg nvg nvg nvg 
aSO,6 

3.1.4 nvg I1vg nvg nvg nvg I1vg nvg 

3.2 dense aggregate 

6 S.ll~ S 20 

480 < p< I 000 

3.2.1 nvg nvg nvg 140 140/200 200 nvg 
as 1,0 

3.2.2 nvg nvg nvg nvg nvg nvg nvg 

3.2.3 nvg nvg nvg nvg Ilvg nvg Ilvg 
aSO,6 

3.2.4 nvg nvg nvg nvg nvg nvg nvg 
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row 

number 

4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.2 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

BS EN 1996-1-2:2005 
EN 1996·1·2:2005 (E) 

material properties: Minimum wall thickness (mm) tr for fire resistance classification REI for time (minutes) tli.d 

unit strength/l~ [N/mI112] 
30 45 

v I 120 180 
gross dry density p [kg/m3] 

Walls in which holes in units are tilled with mortar or concrete 

mortar: general purpose and thin layer 

lightweight aggregate 

2 10 

160 ::;p::; 1000 

a::; 1,0 
nvg nvg I nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 
-

a::; 0,6 
nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg Jlvg nvg 

dense aggregate 

6 ::;./i,::; 20 

480::; p< I 000 

a::; 1,0 
nvg nvg \1vg nvg nvg nvg nvg 

nvg nvg l1vg nvg nvg nvg nvg 

a::; 0,6 
nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

Table 1'I.B.3.3 Dense and lightweight aggregate concrete masonry minimum thickness of non-separating load bearing single-leaf walls 

2:1,Om in length (Criterion R) for fire resistance classifications 

row material properties: Minimum wall thickness or length (111m) Ir for fire resistance classification R for time 

number unit strength/i, [N/mm2] (minutes) lfid 

gross dry density p [kg/m3] 30 45 60 90 120 180 240 

1 Group I units 

1110rtar: general purpose, thin layer, lightweight 

1.1 lightweight aggregate 

2 ::;fl~::; 8 

400 ::;p::; 1 400 

1.1.1 170 

ilit
170 240 300 300 365 

1.1.2 
a::; 1,0 

(170) (170) (170) (170) (240) (240) (300) 

1.1.3 170 170 190 240 240 300 

1.1.4 
0,6 

(140) ( 140) (170) (190) (240) (240) 

1.2 dense aggregate 

6 ::;ji:,::;20 

1 400 < P < 2 000 

1.2.1 170 170 170 240 300 300 365 

1.2.2 
a::; 1,0 

(170) (170) ( 170) (170) (240) (240) (300) 

1.2.3 170 170 170 190 240 240 300 

1.2.4 
a::; 0,6 

(140) (140) (140) (170) (190) (240) (240) 

2 Group 2 units 

mortar: general purpose, thin layer, lightweight 

2.1 lightweight aggregate 

2 8 

400 _ P -' I 400 

2.1.1 170 170 170 240 300 300 365 

2.1.2 
a::; 1,0 

(170) (170) (170) (170) (240) (240) (300) 

2.1.3 170 170 170 190 240 240 300 

2.1.4 
a::; 0,6 

(140) (170) (140) (170) (190) (240) (240) 

2.2 dense aggregate 

6 ::;'/b::; 20 

I 400 < P < 2 000 

2.2.1 170 170 170 240 300 300 365 

2.2.2 
a::; 1,0 

(170) ( 170) (170) (170) (240) (240) (300) 
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BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

row material properties: Minimum wall thickness or length (mm) If f()r tire resistance classification R for time 
number unit strengthti, [N/mm2] fi(min~:s) I" 

gross dry density p [kg/m'] 30 45 120 180 240 

2.2.3 170 170 170 190 240 240 300 

2.2.4 
a::: 0,6 

(140) (170) (140) (170) (190) (240) (240) 

3 Group 3 units 

mortar: general purpose, thin layer, lightweight 

3.1 lightweight aggregate 

2 :::jl~::: 8 

400::: p::: , 400 

3.1.1 nvg nvg nvg nvg nvg nvg nvg a::: 1,0 
3.1.2 nvg nvg nvg nvg nvg n nvg 

1.3 nvg nvg nvg nvg nvg nvg 
0,6 

3.1.4 nvg nvg nvg nvg l1Vg nvg 

3.2 dense aggregate 

6 20 

I 400::: p < 2 000 

3.2.1 nvg nvg nvg nvg nvg nvg 
1,0 

3.2.2 nvg nvg nvg nvg l1vg nvg nvg 

3.2.3 nvg nvg nvg nvg nvg nvg nvg a::: 0,6 
3.2.4 nvg nvg nvg nvg I1vg nvg nvg 

4 Walls in which holes in units are filled with mortar or conc."ete 

mortar: general purpose and thin layer 

4.1 lightweighl aggregate 
2 sj;' 

400 1400 

4.1.1 nvg nv nvg nvg nvg nvg nvg a::: 1,0 
4.1.2 nvg nvg nvg nvg nvg nvg nvg 
4.1.3 nvg nvg nvg nvg nvg nvg nvg 

0,6 
4.1.4 nvg nvg nvg nvg nvg nvg nvg 
4.2 dense aggregate 

20 

1 400 S P S 2 000 

4.2.1 nvg nvg nvg nvg nvg nvg nvg 
a::: 1,0 

4.2.2 nvg nvg nvg nvg nvg Ilvg nvg 
4.2.3 nvg nvg nvg nvg nvg nvg 
4.2.4 

aSO,6 
nvg Ilvg nvg nvg nvg nvg nvg 
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row 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Table N.B.3.4 Dense and lightweight aggregate concrete masonry minimum length of non-separating load bearing single-leaf walls 

<l,Om in length (CI·jterion R) for fire resistance classifications 

material properties: wall thickness Minimum wall length (mm) Ir for fire resistance classification R for time (minutes) II1.d 

number unit strengthf;' [N/mm2] [111m] 
gross dry density p 30 45 60 90 120 180 240 
[kg/IllJ] 

I Group 1 units 

mortar: general purpose, thin layer, lightweight 

I.l lightweight aggregate 
2 :::;8 

400 :::;p:s I 400 

1.1.1 nvg nvg nvg nvg nvg nvg nvg 
100 

1.1.2 nvg nvg nvg nvg nvg nvg nvg 
1.1.3 365/490 490 ! 490 1000 1000 1000 1000 

170 
1.104 (365) nvg I nvg (490) nvg nvg llvg 

1.1.5 
a:S 1,0 

240 300 I 300 365 1000 ! 1000 
240 

Ilvg 
1.1.6 nvg Ilvg Ilvg nvg nvg nvg nvg 

L1.7 240 240 240 300 365 490 nvg 
300 

1.1.8 nvg nvg nvg nvg nvg nvg nvg 

J .1.9 nvg nvg nvg nvg nvg nvg nvg 
100 

1.1.10 nvg nvg nvg nvg nvg nvg nvg 

1.1.1 I 240 365 365 490 1000 1000 
! 

nvg 
170 

1.1.12 nvg nvg nvg nvg nvg nvg 
! 

nvg 
J .1. J 3 

a:::; 0,6 
170 240 240 300 365 365 

240 
nvg 

1.1.14 nvg nvg nvg nvg nvg nvg nvg 
1.1.15 170 240 240 240 300 300 nvg 

300 
1.1.16 nvg nvg nvg nvg I1vg nvg nvg 
1.2 dense aggregate 

6 :s/;, 20 

I 400 :::; p :::; 2 000 

1.2.1 nvg nvg nvg nvg nvg nvg nvg 
100 

1.2.2 nvg nvg nvg nvg nvg nvg llVg 
1.2.3 300/365 nvg 490 365/1 000 1000 1000 nvg 

170 
1.2.4 

i 

(240) nvg nvg (300) (365) (490) nvg 

1.2.5 
a 1,0 

! 

240 300 300 365 1000 1000 
240 

nvg 
1.2.6 nvg nvg nvg nvg nvg nvg nvg 
1.2.7 240 240 240 300 365 490 nvg 

300 
1.2.8 nvg nvg nvg nvg nvg nvg nvg 
1.2.9 nvg nvg nvg nvg nvg nvg nvg 

100 
1.2.10 nvg nvg nvg nvg nvg nvg nvp: 

1.2.11 240 llVg nvg 300 365 490 nvg 
170 

1.2.12 (240) nvg nvg (240) (300) (365) nvg 
1.2.13 

a:S0,6 
170 240 240 300 365 490 

240 
nvg 

1.2.14 nvg nvg nvg nvg nvg nvg nvg 
1.2.15 170 240 240 240 300 365 nvg 

300 
1.2.16 nvg nvg nvg nvg nvg nvg nvg 
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as EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

row material properties: wall thickness Minimum wall length (mm) iF for fire resistance classification R for time (minutes) Illd 

number lInit slrength/l~ [N/mm2] [mm] 

gross dry density p 30 45 60 90 120 180 240 
[kg/m3] 

2 GnlUp 2 units 

mortar: general purpose, thin layer, lightweight 

2.1 lightweight aggregate 

2 S..ll~ :s 8 
400:::; p:::; I 400 

2.1.1 
100 

nvg nvg nvg nvg nvg nvg nvg 
2.1.2 

i 
nvg I1vg nvg nvg nvg nvg nvg 

2.1.3 365/490 490 490 1000 1000 1000 nvg 
170 

2.1.4 (365) l1vg nvg (490) nvg nvg nvg 

2.1.5 
C/:. 1,0 

240 300 300 365 1000 1000 
240 

l1vg 
2.1.6 nvg nvg nvg nvg nvg nvg nvg 

2.1.7 240 240 
300 

300 365 490 nvg 
2.1.8 nvg nvg nvg nvg nvg nvg nvg 

2.1.9 
100 

nvg nvg nvg nvg nvg nvg nvg 
2 I. 10 nvg nvg nvg nvg nvg I1vg nvg 

2.1. 1 I 
170 

240 365 365 490 I. 000 J 000 nvg 
2.1.12 nvg nvg nvg nvg nvg nvg nvg 

2.1.13 
as. 0,6 

170 240 240 300 365 490 
240 

nvg 
2.1 14 nvg nvg nvg nvg nvg nvg nvg 

2.1.15 
I 

170 240 240 240 300 365 nvg 
300 

2.1.16 nvg nvg nvg nvg nvg nvg nvg 

2.2 dense aggregate 
6 20 

I 400 = ps. 2000 

2.2.1 nvg nvg nvg nvg nvg nvg nvg 
100 

2.2.2 nvg nvg nvg nvg nvg nvg nvg 

2.2.3 300/365 nvg 490 365il 000 1000 1000 nvg 
170 

2 
a:S 1,0 

(240) nvg nvg (300) (365) (490) nvg 

2.2.5 240 300 300 365 1000 1000 
240 

nvg 
2.2.6 nvg nvg nvg nvg nvg nvg nvg 

2.2.7 240 240 240 300 365 490 nvg 
300 

2.2.8 nvg nvg nvg nvg nvg nvg nvg 

2.2.9 
100 

nvg nvg nvg nvg Ilvg nvg nvg 
2.2.10 nvg I1vg nvg nvg nvg nvg nvg 

2.2.1 J 240 nvg nvg 300 365 490 nvg 
170 

2.2.12 (240) nvg nvg (240) (300) (365) nvg 

2.2. J 3 
!a 0,6 

170 240 240 300 365 490 
i 240 

nvg 
2.2.14 nvg nvg nvg nvg nvg nvg nvg 

2.2.15 
300 

170 240 240 240 300 365 nvg 
2.2.16 nvg nvg nvg nvg nvg nvg nvg 
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row 

number 

3 

3.1 

3.1.1 

3.1.2 

3.1.3 

3.1.4 

3.1 

3.1.6 

3.1.7 

3.1.8 

3.1.9 

3.1.l ° 
3.1.11 

3.1.12 

3.2 

3.2.1 

3.2.2 

3.2.3 
3.2.4 

3.2.5 

3.2.6 

3.2.7 

3.2.8 

3.2.9 

3.2.10 

3.2.11 

3.2.12 

4 

4.1 

4.1.1 

4.1.2 

4.1.3 

4.1.4 

4.1.5 

4.1.6 

4.1.7 

4.1.8 

4.1.9 

4.1.1 0 

4.1.11 

4.1.12 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

material properties: wall thickness Minimum wall length (111m) IF for fire resistance classification R for time (minutes) llid 

unit strengthjl; [N/mm2] [mm] 
. 

gross dry density p 30 45 60 90 120 180 240 
i [kg/m3] 

Group 3 units 

mortar: general purpose, thin layer, lightweight 

Lightweight aggregate 
2 8 

400_p::.1400 

240 
nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg 

I :::~ nvg nvg nvg 
a::' 1,0 300 

I nvg nvg nvg llVg nvg nvg 

365 
nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

240 
nvg nvg nvg Ilvg nvg nvg nvg 
nvg nvg nvg nvg Ilvg nvg nvg 

asO,6 300 
nvg I1vg nvg I1vg nvg nvg nvg 
nvg Ilvg nvg llvg nvg nvg nvg 

365 
nvg nvg nvg nvg nvg nvg nvg 
Ilvg nvg nvg I1vg I1vg nvg nvg 

dense aggregate 

6 20 

I 400 < P s 2 000 

240 
nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg I1vg nvg nvg 

nvg 

I :~:: nvg nvg nvg nvg nvg 
as 1,0 300 

nvg nvg nvg nvg nvg nvg 

365 
nvg nvg nvg nvg nvg nvg nvg 

nvg nvg I1vg nvg nvg I1vg nvg 

240 
nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

asO,6 300 
nvg llvg Ilvg nvg nvg Ilvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

I 

nvg nvg nvg nvg nvg nvg nvg 
365 

nvg nvg nvg nvg nvg nvg nvg 

Walls in which holes in units al'e filled with mortar or concrete 

mortar: general purpose and thin layer 

lightweight aggregate 
2 sjb::' 8 

400 < p< 1400 

240 
nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg llVg nvg 

cx::' 1,0 300 
nvg llvg llvg llVg nvg nvg nvg 
nvg llVg nvg nvg nvg nvg nvg 

365 
nvg I1vg nvg nvg nvg nvg nvg 
nvg nvg nva 

'" 
nvg nvg nvg nvg 

240 
nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg I1vg nvg nvg 

asO,6 300 
nvg nvg nvg nvg nvg nvg nvg I 
nvg I1vg nvg nvg nvg nvg nvg 

365 
nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg llvg nvg nvg 
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BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

row matcrial properties: wall thickness i Minimum wall length (mm) iF for fire resistance classification R for time (minutes) tt;.d 

numbcr 

4.2 

4.2.1 

4.2.2 

4.2.3 

4.2.4 

4.2.5 

4.2.6 

4.2.7 

4.2.8 

4.2.9 

4.2.10 

4.2.11 

4.2.12 

row 

unit strength/l~ [N/l11m2] [mm] 

gross dry density p 30 45 60 90 120 180 

[kg/m3] 

dense aggregate 

6 20 

1 400 -' P _ 2 000 

240 
nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg 

a'S. 1,0 300 
nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg 

365 
nvg nvg nvg nvg I nvg nvg 

nvg nvg nvg nvg nvg nvg 

240 
nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg 

a 0,6 300 
nvg nvg nvg Ilvg nvg nvg 

nvg nvg nvg Ilvg nvg nvg 

365 
I nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg 

Table N.B.3.5 Dense and lightweight aggregate concrete masonry minimum thickness of separating loadbearing and non

loadbearing single and double leaf fire walls (Criteria REI-M and EI-M) for fire resistance classifications 

material properties: Minimum wall thickness (mm) iF for fire resistance classification 

240 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

nvg 

numbcr unit strength!;' [N/mm2] REI-M and EI-M for time (minutes) (H.d 

gross dry density p [kg/m3] 30 45 60 90 120 180 240 

I Group I units 

mortar: general purpose, thin layer, lightweight 

1.1 lightvv'eight aggregate 

2 'S./h 'S. 8 

400< p< I 400 

1.1.1 nvg nvg nvg 300 nvg nvg nvg 
1,0 

1.1.2 nvg nvg nvg (240) nvg nvg nvg 

1.1.3 nvg 

= 
nvg nvg Ilvg nvg nvg nvg 

0,6 
1,1.4 nvg nvg I1vg nvg nvg nvg nvg 

1.2 dense aggregate 

6 'S./l; 20 

I 400 -' P -' 2 000 

1.2.1 nvg nvg nvg 240 nvg nvg 
a'S. 1,0 

I nvg nvg nvg (170) nvg nvg I1vg 

1.2.3 nvg nvg nvg nvg nvg nvg nvg 
a'S. 0,6 

1.2.4 nvg nvg nvg nvg nvg nvg nvg 

2 Group 2 units 

mortar: general purpose, thin layer, lightweight 

2.1 lightweight aggregate 

2 8 

400 -' P 'S. I 400 

2.1.1 nvg nvg nvg 300 nvg nvg 
n~~ I 2.1.2 

a'S. 1,0 
(240) nvg nvg nvg nvg nvg nv~ 

, 

2.1.3 
a'S. 0,6 

nvg nvg nvg nvg nvg nvg nvg 

2.1.4 nvg nvg nvg nvg nvg nvg nvg 

dense aggregate 

6 'S../l) 'S. 20 

I 400 'S. P'S. 2 000 

2.2.1 

2.2.2 nvg nvg nvg (170) nvg nvg nvg 
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EN 1996-1-2:2005/AC:2010 (E) BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

row material properties: Minimum wall thickness (mm) tr for fire resistance classification 

number unit strengthfi, [N/mm2] REI-M and EI-M for time (minutes) Ilid 

gross dry density p [kgltn3] 30 45 60 I 90 120 180 240 

2.2.3 nvg nvg 

~ 
nvg nvg nvg nvg 

as 0,6 
2.2.4 nvg nvg nvg nvg llVg nvg 

3 Group 3 units 

mortar: general purpose, thin layer, lightweight 

3.1 lightweight aggregate 

2 Sfl~ S 8 
400 < p< I 400 

3.1.1 nvg nvg nvg nvg nvg nvg nvg 
as 1,0 

3.1.2 nvg nvg nvg nvg nvg nvg nvg 

3.1.3 Ilvg nvg nvg nvg nvg nvg nvg 
as 0,6 

3. J.4 nvg nvg nvg I1Vg nvg nvg nvg 

3.2 dense aggregate 

6 20 

I 400 S pS 2000 

3.2.1 nvg nvg nvg nvg nvg nvg 

3.2.2 
as. 1,0 

nvg nvg nvg nvg nvg nvg 

as 0,6 FA nvg nvg nvg nvg nvg nvg 

3.2.4 I1VO- nvg nvg nvg nvg nvg nvg 

4 Walls in which holes in units are filled with mortar or concrete 

mortar: general purpose and thi11 layer 

4.1 lightweight aggregate 

2 8 

400 -' p< I 400 

4.1. J nvg nvg nvg nvg nvg nvg nvg 
1.0 

4.1.2 I nvg nvg nvg nvg nvg nvg Ilvg 

4.1.3 nvg nvg nvg nvg nvg nvg nvg as. 0,6 
4.1.4 nvg nvg nvg nvg nvg nvg nvg 

4.2 dense aggregate 

6 -s.fl~ 20 

1 400 S. P S. 2 000 

I nvg I I1Vg nvg nvg nvg nvg nvg 
a-s.I,O 

4.2.2 I1Vg nvg nvg ny' nvg nvg nvg 

nvg nvg I1vg nv nvg nvg nvg as. 0,6 
4.2.4 nvg nvg nvg nvg I1vg nvg nvg 
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BS EN 1996~1-2:2005 
EN 1996-1-2:2005 (E) 

~ Table N.8.3.6 Dense and lightweight aggregate concrete masonry minimum thickness of each leaf of separating loadbearing C3lity 

walls with one leaf loaded (Criteria REI) for tire resistance classifications 

row material properties: Minimum wall thickness (mm) fr for fire resistance classification REI for time (minutes) lfi.d 

number unit strength./i, IN/111m2] 
gross dry density p 30 45 60 90 120 180 240 

[kglmJ] 

I Group 1 units 

mortar: general purpose, thin layer, lightweight 

1.1 lightweight aggregate 

:::: 15 

400:::: p:::: 1600 

1.1.1 90 90 90 100/240 100/240 nvg 

1.1.2 
!a 1,0 

(90) (90) (90) (90/170) (901170) nvg nvg 

1.1.3 70 70 70 90 90 nvg nvg 

1.1.4 
a:::: 0,6 

(60) (60) (60) (2 x 70) (70) nvg nvg 

1.2 dense aggregate 

6 20 

1 200:::: p:::: 2200 

1.2.1 90 90 90 90/170 100/170 nvg nvg 

1.2.2 
a:::: 1,0 

(90) (90) (90) (90/170) (901170) nvg nvg 

1.2.3 70 70 70 90 90 nvg nvg 

1.2.4 
!a 0,6 

(60) (70) (70) (70) (70) nvg nvg 

Group 2 units 

mortar: general purpose, thin layer, lightweight 

2,1 lightweight aggregate 

8 

400 <p_ I 400 

2,1.1 90 100 100 100/240 100/240 nvg nvg 

2.1.2 
a:::: 1,0 

(90) (90) (90) (90/170) (100/240) nvg nvg 

12.1.3 70 70 90 90 100 nvg nvg 
a:::: 0,6 

2.1.4 (70) (70) (70) (70) (90) l1vg nvg 

2.2 dense aggregate 

6 ::::.f.~ 35 

I 400:::: p:::: 2 000 

2.2.1 90 100 100 100/170 100/170 nvg nvg 
a:::: 1,0 

2.2.2 (90) (90) (90) (1001170) (100/170) Ilvg nvg 

2.2.3 90 100 100 100 100/]70 nvg nvg 
a:::: 0,6 

2.2.4 (70) (90) (90) (90) (l00) Ilvg nvg 

3 Group 3 units 

mortar: general purpose, thin layer, lightweight 

3.1 lightweight aggregate 

2 'Sfi, 10 

400 ....:P:::: I 400 

3.1.1 nvg nvg nvg nvg nvg nvg nvg 
a'S 1,0 

3.1,2 nvg nvg nvg nvg nvg nvg nvg 

3.1.3 nvg nvg nvg nvg nvg nvg nvg a:::: 0,6 
3.1.4 nvg nvg nvg nvg nvg nvg I1vg 

3.2 dense aggregate 

6::::/;':::: 20 

1 400 -' p:::: 2 000 

3.2.1 nvg nvg nvg nvg nvg nvg nvg 
a:::: 1,0 

3.2.2 nvg nvg nvg nvg nvg nvg nvg 
i 

3.2,3 nvg nvg Ilvg Jlvg nvg nvg Ilvg 

13.2.4 
a:::: 0,6 

Ilvg nvg nvg nvg nvg nvg nvg 

4 Walls in which holes in units are filled with mortar or concrete 

mortar: general purpose and thin layer 
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I:"OW 
,number 

Imaterial properties: 
unit strength/;' [N/rnm2] 

dry density p 

I[kg/m)] 

4.1 lightweight aggregate 

2 ~/b~ 15 

400 ~p~ 1400 

4.1.1 

4.1.2 
a~ 1,0 

4.1.3 

4.1.4 
a~0,6 

4.2 dense aggregate 

6 ~ 20 

I 400 _ P -' 2 000 

4.2.1 

4.2.2 
la 

4.23 

4.2.4 
a'S. 0,6 

BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

Minimum wall thickness (111m) fr for fire resistance classification REI fbr time (minutes) tfi.d 

I I 
! 
! 

30 45 60 90 120 180 

I 
240 

I 

nvg nvg nvg llvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg i nvg nvg nvg 

I nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg i nvg nvg nvg 

N.B.4 Autoclavad aerated concrete masonry 

Auloe laved aerated concrete units confonning to EN 771A 

row 

number 

I 

1.1 

1.1.4 

row 

number 

I 

1.I 

1.1.I 
1.1.2 

1.1.3 

1.104 

1.2 

,] .2.4 

Table N.BA.1 Autoclaved aerated concrete masonry minimum thickness of separating non-Ioadbearing walls 
(Criteria EI) for fire resistance classifications 

material properties: Minimum wall thickness (111m) tf for fire resistance classification EJ for time (minutes) fli.d 

gross dry density p [kg/m3
] 30 45 60 90 I 120 180 240 

Grou~ t 8 and I units 

Mortar: general purpose, thin layer 

50nO 60/65 60175 60/100 , 7011 00 90/150 100/190 

(50) (60/65) (60175) (60170) (70/90) (90/1 15) (100/190) 

50/70 60 60 60/100 

I 
60/100 90/150 100/190 

(50) (50/60) (50/60) (50/60) (60/90) (90/100) ( 100/190) 

Table N.BA.2 Autoclaved aerated concrete masonry minimum thickness of separating loadbearing single-leaf walls 

(Criteria REI) for fire resistance classifications 

I mated,l pmperties: Minimum wall thickness (mm) If for nre resistance classification REI for time (minutes) tlid 

unit strength/;' [N/mmZ] 

i gross dry density p [kg/m3] 
30 45 60 90 120 180 240 

Group 18 and I units 

mortar: general purpose, thin layer 

2 ~.fb 4 

350 < p~ 500 

901115 901115 90/140 90/200 90/225 140/300 I 150/300 
a~ 1,0 

(901 115) (90/ 115) (90/115) (90/200) (90/225) (140/240) 
I 

( 150/300) 

901115 90/115 90/115 100/150 901175 140/200 150/200 
a~0,6 

(901 115) (90/115) (90/115) (90/115) (90/150) ( 140/200) ( 150/200) 

mortar: general purpose, thin layer 

4 <~) 8 

500 -' P -= 1 000 

901100 90/100 901150 I 90/170 90/200 125/240 150/300 

(90/100) (90/100) (90/100) i (90/150) (901170) (100/200) (100/240) 

90/100 90/100 90/100 90/150 90/170 1251140 150/240 

(90/100) l (90/100) (90/100) (90/100) (90/125) (125/140) ( 150/200) 
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~ Table N.B.4.3 Autoclaved aerated concrete masonry minimum thickness of non-separating loadbeal"ing single-Jeafwalls :::l,Om in 

length (Cl"iterion R) for fire resistance classifications 

row material properties: Minimum wall thickness or length (mm) IF for tIre resistance classification R for time (minutes) I 
number unit strength.!;' f.N/mm2

] tri." 

gross dry density p [kg/m 3] 30 45 60 90 120 180 240 

1 Group I S and I units 

1.I mortar: general purpose, thin layer 

2 4 

350 :::;p 500 

1.1.1 170 170 170/200 240 240/300 300 300 

1.1.2 
a:::; 1,0 

(150) (150) (J 50) (170) (240) (240) (300) 

1.1 125 150 150/170 170 170 240 300 

1.1.3 
a:::; 0,6 

! (100) (125) ( 125/150) (150) (150) (J 70) (200) 
I 

1.2 mortar: general purpose, thin layer 

4 I~):::; R 

500 :::; p s. 1 000 

1.2.1 
I a:::; 1,0 

125 125 1501170 170 240 240 240 

1.2.2 
i 

(100) (100) ( 125/150) (150) (170) (170) (240) 

1.2.3 100 .100 125/150 150 ISO ! 170 240 
a::::: 0,6 I 

1.2.4 (100) (100) (100/125) (125) (125) I (150) (170) 

Table N.B.4.4 Autoclaved aerated concrete masonry minimum length of non-separating load bearing single-leaf walls <l,Om in length 

(Criterion R) for tire resistance classifications 

I 

row material properties: wall thickness Minimum wall length (mm) If for fire resistance classification R lor time (minutes) (h.d 

number unit strengthfi, rN!111m2] [mm] I 
gross dry density p [kg/m3] 

30 
I 

45 60 90 120 180 240 

'1 Group IS and) units 

1.1 mortar: generaJ purpose, thin layer 

2 4 

350....; ps. 500 

1.1.1 nvg nvg nvg nvg nvg nvg nvg 
100 

1.1.2 nvg nvg nvg nvg nvg nvg nvg 

1.1.3 nvg nvg llVg nvg nvg Ilvg nvg 
125 

1.1.4 nvg nvg nvg nvg nvg nvg nvg 

J .1.5 
150 

nvg Ilvg nvg nvg nvg nvg nvg 

1.1.6 llVg Ilvg nvg nvg nvg nvg nvg 

1.1.7 490 490 490 1000 1000 1000 1000 
170 

1.1.8 nvg nvg nvg nvg nvg llVg nvg 

1.1.9 
a:::; 1,0 

365 490 490 1000 1000 1000 1000 
200 

1.1.10 nvg Ilvg nvg nvg nvg nvg nvg 

1.1.1 I 300 I 365 365 615 730 730 730/990 
240 

1.1.12 nvg nvg nvg Ilvg nvg nvg nvg 

1.1.13 240 300 300 490 490 615 6151730 
300 

1.1.14 nvg nvg Ilvg nvg nvg nvg nvg 

1.1.15 200 240 240 365 490 615 6151730 

1.1.16 
365 

Ilvg nvg nvg nvg nvg nvg nvg 

1.1.1 nvg nvg nvg nvg nvg nvg nvg 
100 

1.1.18 nvg Ilvg nvg nvg nvg nvg I nvg 

1.1.19 nvg nvg nvg nvg nvg nvg I Ilvg 
125 

1.1.20 nvg nvg nvg nvg nvg nvg nvg 

1.1.21 
a:::; 0,6 

150 
nvg nvg nvg nvg nvg nvg nvg 

1.1.22 I1vg I1vg I1vg nvg nvg nvg nvg 

1.1.23 365 365 365 490 490 490/615 1000 
170 

1.1.24 nvg nvg nvg nvg nvg nvg l1vg 
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row material properties: wall thickness 

number unit strength Ii:, [N/mm2] [mm] 
gross dry density p [kg/m3] 

1.1.25 

1.1.26 
200 

1.1.27 

1.1.28 
240 

1.1.29 

1.1.30 
300 

1.1.3 I 

I 1.32 
365 

1.2 mortar: general purpose, thin layer 
4<fo=:;8 

500 -' P -' I 000 

1.2.1 

1.2.2 
100 

1.2.3 

l.2.4 
125 

1.2.5 

1.2.6 
150 

1.2.7 

1.2.8 
170 

1.2.9 
o:=:; 1,0 

1.2.10 
200 

1.2. I I 

1.2.12 
240 

1.2.13 

1.2.14 
300 

1.2.15 

1.2.16 
365 

1.2.17 

1.2.18 
100 

1.2. I 9 

1.2.20 
125 

1.2.2 I 

1.2.22 
150 

1.2.23 

1.2.24 
170 

1.2.25 
0:=:;0,6 

1.2.26 
200 

1.2.27 

1.2.28 
240 

1.2.29 

1.2.30 
300 

J .2.31 

1.2.32 
365 

BS EN 1996-1-2:2005 
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Minimum wall length (mm) If for fire resistance classification R for time (minutes) tn.d 

30 45 60 90 120 180 240 

240 365 365 365 490 490/6 15 1000 

nvg nvg nvg I1vg nvg I1vg nvg 

240 I 240 )40 300 365 15 730 

nvg nvg nvg nvg nvg nvg llVg 

240 240 240 240 300 300/490 615 

nvg nvg nvg nvg nvg I1vg nvg 

170 170 170 240 240 240/365 615/490 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

365/490 365/490 365/490 730 1000 1000 1000 

nvg nvg nvg nvg nvg nvg nvg 

240/365 365 365/490 615 730 730 730/990 

nvg nvg nvg nvg nvg nvg nvg 

240/300 300 240/365 490/615 6151730 615/730 6151730 

nvg nvg nvg nvg I nvg nvg nvg 

200/240 240 240/300 365/490 365/490 490/615 490/615 

nvg nvg nvg nvg nvg nvg nvg 

170/200 200 175/240 300/365 365/490 490/615 365/615 

nvg Ilvg nvg nvg nvg nvg nvg 

nvg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

I1vg nvg nvg nvg nvg nvg nvg 
nvg nvg nvg nvg nvg nvg nvg 

nvg nvg nvg Ilvg nvg nvg nvg 
Ilvg nvg nvg nvg nvg nvg nvg 

300/365 300 300/365 365/490 365/490 490/615 I 615 

nvg nvg nvg nvg nvg nvg 

~ 200/240 300 300/365 300/365 365/490 490/615 

nvg nvg nvg nvg nvg nvg nvg 

200/240 200 200/240 240/300 300/365 490/615 615 

nvg nvg nvg nvg nvg nvg nvg 

200/240 200 200/240 200/240 240/300 365/490 490 

nvg nvg nvg nvg nvg nvg l1vg 

150/240 ISO 150/240 200/240 200/240 300/365 365 

nvg nvg nvg nvg nvg nvg nvg 
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~ Table N.R.4.S Autoclaved aerated concrete masonry minimum thickness of separating loadbearing and nOll-load bearing single and 

double leaf fire walls (Criteria REI-M and EI-M) for fire resistance classifications 

row material properties: 

number unit strength/h [N/mm2] 

gross dry density p [kg/m3] 

Group IS and I units 

1.1 mortar: general purpose, thin layer 

1.I.1 

1.1.2 

1.1.3 

J .1.4 

1.2 

I 

1.2.2 

1.2.3 

1.2.4 

2 4 

350 500 

a:S 1,0 

a:S 0,6 

mortar: general purpose, thin layer 

4<j~:s8 

500 :s p:s I 000 

a:S 1,0 

a:s 0,6 

30 

300 

nvg 

nvg 

nvg 

300/240 

nvg 

nvg 

nvg 

Minimum wall thickness (mm) Ir for fire resistance classification 

REI-M and EJ-M for time (minutes) lu.d 

300 

nvg 

nvg 

nvg 

300/240 

nvg 

nvg 

nvg 

300 

nvg 

nvg 

nvg 

300/240 

nvg 

nvg 

I1vg 

365/300 

nvg 

nvg 

nvg 

365 

nvg 

I1vg 

nvg 

365/300 

nvg 

nvg 

nvg 

240 

nvg 

nvg 

nvg 

nvg 

Table N.R.4.6 Autoclaved aerated concrete masonry minimum thickness of each leaf of separating loadbearing cavity walls \"ith one 

leaf loaded (Criteria REI) for fire resistance classifications 

ow material properties: Minimum wall thickness (mm) IF for fire resistance classification REI for time (minutes) [(i.tI 

umber unit strength/l~ [N/mm2] 

gross dry density p [kg/mJ] 

Group IS and I units 

1.1 mortar: general purpose, thin layer 

2 :S./t~:S 4 

1.1.1 

1.1.2 

1.1.3 

1.1.4 

350 500 

1,0 

0,6 

1.2 mortar: general purpose, thin layer 

4 < t[, 8 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

500:S p:s I 000 

a:S 1,0 

a:S 0,6 

N.R.S Manufactured stone masonry 

30 

90 

(90) 

90 

(90) 

Manufactured units conforming to EN 771-5 

90 

(90) 

90 

(90) 

90 

(90) 

90 

(90) 

90 

(90) 

90 

(90) 

240 

100 100 150/170 150/225 

(100) (100) nvg nvg 

90 90/125 150 150/200 

(90) (90/125) (ISO) (150/200) 

125/240 1501240 

(l00/200) (100/200) 

125 150 

(125) ( 150) 

Table N.R.S.l Manufactured stone masonry minimum thickness of separating non-Ioadbearing separating walls (Criteria EI) for fire 
resistance classifications 

row material properties: I Minimum wall thickness (mm) tr- for fire resistance classification EI for time (minutes) (n.d 

number gross dry density fJ [kg/m.1] I 30 I 60 I 90 I 120 I 180 I 240 

1 Group 1 units 

1.1 Mortar: general purpose, thin layer, lightweight 

I 200:S p < 2 200 

1.1.1 

I 
50 

I 
70190 

I 
90 

I 
901 100 

I 
100 

I 
100/170 

1.1.2 (50) (50170) (70) (70/90) (90/100) (100/140) 
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~ Table N.B.S.2 Manufactured stone masonry minimum thickness of separating loadbearing single-leaf walls (Criteria REI) for fire 

resistance classifications 

row 

number 

material properties: inimum wall thickness (111m) tr for fire resistance classification REI for time (minutes) 111 .d 

gross dry density p [kg/m'] 

240 

Grou I units 

1.1 Mortar: general purpose, thin layer, lightweight 

1200 2200 

1.1.1 901170 90/170 90/170 1001190 1401240 1501300 

1.1.2 
1,0 

(90/140) 901140 (901140) (90/170) (100/190) (100/240) 

1.1.3 701140 70/140 90/170 100/190 140/240 

1.1.4 
a-::;'0,6 

(60/100) (70/100) (70/1 00) (90/170) (100/190) 

END OF NOTES @lI 
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C.l General 

Annex C 
(Infonnative) 

Simplified calculation model 

(l) Tn the simplified calculation method the loadbearing capacity is determined by boundary 
conditions on the residual cross section of the masonry for stated periods of fire exposure 
using the load at normal temperature. 

(2) The simplified method is valid for masonry walls and columns under standard fire 
exposure built with the following units and mortar combinations: 

- clay units: group IS and Group 1, unit strength /b 10- 40 N/mm2, gross 
~dry@il density 1000-2000 kg/m3, generalpurposenlortar 

- calciunl silicate units: group IS and Group 1, unit strength /b 10 40 N/mm2, gross 
~dry@il density 1 500 - 2 000 kg/m3, thin layer mortar 

- dense aggregate concrete: group 1, unit strength fb 10 - 40 Nhnm2
, gross ~dry@il 

density 1 500 - 2 000 kg/m3, general purpose mortar 

- lightweight aggregate group 1 S and Group 1, unit strength /b 4 - 8 N/mnl\ gross 
concrete: ~dry@il density 600 (pulnice) 1000 kg/m3, lightweightnlortar, 

- autoc1aved aerated group 1, unit strengthfb 2 - 6 Nhntn2,gross~dry@ildellsity 
concrete: 400- 700 kg/m3, general purpose mortar, thin layer 

NOTE The limits given above relate to the results of the Simplified method having been calibrated against the 
results of tests.The list is not intended as a list of limits for other reasons. The principle of the method can be 
used if calibration results are available for units not covered by the list above. 

(3) In simple calculation models the relationship between thelmal elongation and masonry 
tenlperature may be considered to be constant. In this case the elongation may be 
detennined from 3.3.3.1(1). 

C.2 Procedure 

(1) Detennine the telnperature profile of the cross-section, the structurally ineffective section 
and the residual cross-section, calculate the load-bearing capacity at the ultimate limit state 
with the residual cross-section (see figure C.I), check that this load-bearing capacity IS 

greater than that required with the relevant load combination of actions (see (2) below). 

(2) At the lin1}t state for the fire situation, the design value of vertical load applied to a wall or 
column should be less than or equal to the design value of the vertical resistance of the wall 
or colulnn such that: 

(C1) 

(3) The design value of the vertical resistance of the wall or column is given by: 
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A total area of masonry 

Ao, area of masonry up to 81; 

Ao} area of masonry between 81 and 
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(C2) 

81 tenlperature up to which the cold strength of lnasonry lnay be used; 

fh temperature above which the material has no residual strength 

design value of the vertical load; 

NRd,li0
1 

design value of the resistance in fire 

.!do, design conlpressive strength of masonry up to 81; 

design strength of masonry in compression between 8] and (hOC, taken as c/tio, 

c constant obtained from stress strain tests at elevated ten1perature (with subscripts) 

<;/J capacity reduction factor in the nliddle of the wall obtained frOIn 6.1.2.2. of EN 
1996-1 1, taking into account additionally the eccentricity eM. 

eL'.O eccentricity due to variation of temperature across masonry. 

( 4) The temperature distribution across a masonry section and the temperature at which the 
masonry becomes ineffective, as a function of the time of fire exposure, should be obtained 
fron1 the results of tests or from a data base of test results. In the absence of test results or a 
database the Figures C.3(a) to (d) Inay be used. For autoclaved aerated concrete 111aSonry, 
reference should be nlade to prEN 12602. 
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(b) cross-section of column exposed to fire 
(a) cross-section of column exposed to fire with idealised isothenns for simplified 
with real isothenns calculation 

(c) separating cross-section 
Key 

1 boundary of original cross section 
2 isotherm for Eh 
3 isothenn for 

Figure C.llllustration of areas of masonry at temperatures up to 0., between ()l and (h, 
and structurally ineffective areas (over fh.) 

The eccentricity, eLl0, due to the fire load, for use in this silnplified calculation method may be 
obtained from test results or from equation (C3a or b) (see also figure C.2): 

(C3a) 

o when the fire is all around (C3b) 

where: 

ten1perature above which the material has no residual strength in °C @1] 

effective height of the wall 

coefficient of thennal expansion of masonry according to 3.7.4 of EN 1996-1-1 

~ IFf @1] temperature assumed on the cold side 

IFr thickness of the cross-section whose temperature does not exceed fh. 

66 



Key 

1 ten1perature distribution from Figures C.3 
2 residual area of the cross section with strength (Ae

l 
+ Ae) 

Figure C.2 Vertical section on masonry 
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NOTE: The value of Cel, Ccs, Cia, Cda and Caac to be used in a Country may be found in its National Annex 

Values of constant, c, and temperature 81 and 82 by masonry material 

Masonry units and mortar (surfltce Values of constant Temperature °C 
unprotected) according to 1.1 (2) C fh 01 

Clay units with general purpose mortar Ccl 600 100 
Calcium silicate units with thin layer Ccs 500 100 
mortar 
Lightweight aggregate units (pumice) Cia 400 100 
with general purpose mortar 
Dense aggregate units with general Cda 500 100 
purpose mortar 
Autoclaved aerated units with thin layer Caac 700 200 
mortar 

END OF NOTE. 
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Figure C.3(a): Clay masonry, gross ~dry@il density 1 000 2000 kg/m3 
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Figure C.3(b): Calcium silicate masonry, gross ~dry@il density 1 500 - 2000 kg/m3 
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Figure C.3(c): Lightweight aggregate concrete (pumice) masonry, gross ~dry@j] density 
600 - 1 000 kg/m3 
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Figure C.3(d): Dense aggregate concrete masonry, gross ~dry@j] density 1 500 - 2 000 kg/m3 
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Figure C.3(e): Autoclaved aerated concrete masonry, gross~dry@il density 400 kg/m3 
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Figure C.3(f): Autoclaved aerated concrete masonry, gross ~dry@ildensity 500 kg/nJ3 
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Figure C.3(g): Autoclaved aerated concrete masonry, gross ~dry@1l density 600 kg/m3 

Key 
tincff30 is thickness of wall that has becon1e ineffective in 30 minutes 
tincff90 is thickness of wall that has become ineffective in 90 minutes 
fh 
T 
t 

3 

is the tel11perature above which masonry is structurally ineffective 
Temperature (Oe) t 30 30 l11inutes t 120 
Masonry thickness (mm) t 60 60 n1inutes t 150 
Residual section with t 90 90 minutes t 180 
nun1ber in minutes t 240 

120 minutes 
150 n1inutes 
180 n1inutes 
240 minutes 

Figure C.3 Temperature distribution across masonry section and temperature at which 
masonry is structurally ineffective 
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D.I General 

Annex D 
(Informative) 

Advanced calculation method 

(1)P Advanced calculation nlethods shall be based on fundamental physical behaviour leading 
to a reliable approximation of the expected behaviour of the structural component under fire 
conditions. 

(2) Advanced calculation nlethods should include calculation models for the determination of: 

- the developnlent and distribution of the temperature within structural members (thermal 
response model); 

- the nlechanical behaviour of the structure or of any part of it (mechanical response 
nl0del). 

(3) Advanced calculation methods Inay be used in association with any heating curve 
provided that the lnaterial properties are known for the relevant tenlperature range and the 
relevant rate of heating. 

D.2 Thermal response 

(1) Advanced calculation tnethods for thennal response should be based on the acknowledged 
principles and assuillptions of the theory of heat transfer. 

(2) The thelma1 response 1110de] should include consideration of: 

the relevant thermal actions specified in 1991-1-2; 

- the temperature dependent thermal properties of the materials. 

(3) The influence of nloisture content and of nligration of the moisture within masonry may 
conservatively be neglected. 

(4) The effect of non-unifoffil thermal exposure and of heat transfer to adjacent building 
components may be included where appropriate. 

D.3 Mechanical response 

(1) Advanced calculation nlethods for mechanical response should be based on the 
acknowledged principles and assumptions of the theory of structural mechanics, taking into 
account the changes of mechanical properties with temperature. 

(2) The effects of thermally induced strains and stresses both due to tenlperature rise and due 
to temperature differentials, should be considered. The figures D.l(a) to (d) and D.2(a) to (1) 
give relevant infolmation. 

72 



BS EN 1996-1-2:2005 
EN 1996-1-2:2005 (E) 

NOTE For autoclaved aerated concrete masonry, reference may be made to prEN 12602. For other materials 
reference can be made to other authorative publications. 

(3) The deformation at ultimate limit state in1plied by the calculation tnethods should be 
liluited as necessary to ensure that compatibility is maintained between all parts of the 
structure. 

(4) Where relevant, the mechanical response of the n10del should also take account of 
geometrical non-linear effects. 

(5) In the analysis of individual members or sub-assenlblies the boundary conditions should 
be checked and detailed in order to avoid failure due to the loss of adequate support for the 
members. 

(6) It should be verified that 

E fi,d (I) < R fi,l,d 

In which: 

is the design effect of actions for the situation, determined in accordance with 
EN 1991-1-2, including effects of thermal expansions and deformations 

Rfi,t,d is the corresponding design resistance in the fire situation 

1 is the designed duration of fire impact 

(7) In the calculation of load-bearing structures, the way in which the structure collapses 
under fire impact, temperature-dependant material properties including stiffness as well as the 
effect of thermal strain and defornlation (indirect impact) should be assessed. 
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Figure D.l(d): Calculation values of temperature-dependant material properties of 
autodaved aerated concrete units with a density range of 400 - 600 kg/m3 @il 
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T (OC) temperature 

~ A.J thern1al conductivi ty @il 
Ca specific heat capacity 

p ~gross dry density@ilkg/m3 

1 Ratio of value at temperature T to that at 20°C 

Figure D.l Thermal analysis 
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Annex E 
(Infonnative) 

Examples of connections that meet the requirements of Section 5 

5 

Key 

Insulating layer -mineral wool, n1aterial class A (noncombustible), melting point ::::: 
lOOO°C 

2 Steel angle 
3 Flat steel 65x5mm, a>6001nm 
5. Masonry 
6. Concrete 

~ Figure E.l: Cross-section of connections, wall to floor or roof, 
of non-Ioadbearing nlasonry walls @1] 
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A 
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Anchor made of flat steel, spacing according to structural requirements, 

Figure E.3: Connection wall to wall of loadbearing masonry walls 

Key 

A 
I Joint seal 
2 Trowel cut or plaster cut (optional) 
3 Insulating layer - Inineral wool, material 

class A (noncon1bustible), melting point 2': 
lOOO°C 

5. Masonry 
6. Concrete 

B 
1 Anchor 
2 Vertical sliding anchor 
3 Insulating layer - mineral wool, material 

class A (noncOlnbustible), melting point 2': 
lOOO°C, or mortar 

4 Joint seal 
5. Masonry 
6. Concrete 

Figure E.4: Movement connection of wall (co]umn) to wall of concrete 
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wall-wall 

Key 

-::::30 

:::30 

wall-floor wall-wall 

Insulating layer - mineral wool, material class A (noncombustible), melting point > 
lOOO°C, or mortar 

2 Steel angle 
3 Trowel cut or plaster cut (optional) 
4 Joint seal 
5 Masonry 
6 Concrete 

Figure E.5: Structural connections of fire walls to walls and floors 

/ 
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'- 5 

Key 

Insulating layer - Inineral wool, material 
class A (noncombustible), melting point 
2: lOOO°C, or n10rtar 

2 Joint seal (optional) 
5. Masonry 
6. Concrete 

~Figure E.6: Connection with no structural requirements @1] 
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5--__ 2 

Key 
1 Cladding corresponding to fire resistance class 
2 Masonry or concrete 
3 Sheet metal encasenlent 
5. Masonry 

A -C Steel colull1n 
D-G Steel beanl 
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Foreword 

This document EN 1996-2 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 July 2006, 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 1996-2: 1998 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to inlplenlent this European Standard: Austria, BelgiUln, Cyprus, 
Czech Republic, Demnark, Estonia, Finland, France, Gernlany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, POIiugal, ROInania, 
Slovakia, Slovenia, Spain, Sweden, Switzerland and United KingdOln. 

Background of the Eurocode programme 

In 1975, the Commission of the European Comlnunity decided on an action progrmnlne in the field 
of construction, based on Article 95 of the Treaty. The objective of the progratnme was the 
elilnination of technical obstacles to trade and the hannonisation of technical specifications. 

Within this action progrmnme, the COlnlnission took the initiative to establish a set of harnl0nised 
technical 11lles for the design of construction works which, in a first stage, would serve as an 
altenlative to the national rules in force in the Mell1ber States and, ultimately, would replace theln. 

For fifteen years, the COlnn1ission, with the help of a Steering Committee with Representatives of 
Member States, conducted the development of the Eurocodes programlne, which led to the first 
generation of European codes in the 1980s. 

In 1989, the C0111lnission and the Member States of the EU and EFTA decided, on the basis of an 
agreement l ) between the C0111mission 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 lor Commission's Decisions dealing with European standards (eg. the Council 
Directive 891I06/EEC on construction products - cpn - and Council Directives 93/37/EEC, 

I) Agreement behveen 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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92/50/EEC and 89/440/EEC on public works and services and equivalent EFT A Directives initiated 
in pursuit of setting up the inten1al market). 

The Structural Eurocode programn1e comprises the following standards generally consisting of a 
nun1ber of parts: 

EN 1990, Eurocode: Basis of structural design 

EN 1991 Eurocode 1: Actions on structures. 

EN 1992, Eurocode 2: Design of concrete structures. 

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 masomy structures. 

EN 1997, Eurocode 7: Geotechnical design. 

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

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 Inatters 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 doculnents 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 Requirelnent 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 constluction works themselves, have a direct relationship 
with the Interpretative Documents2) referred to in Article 12 of the CPD, although they are of a 

2) According to Article 3.3 of the CPD, the essential requirements 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. 
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different nature fronl harmonised product standards3). Therefore, technical aspects arising froln 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 conlpatibility 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 cotnponent 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. 

Nationa1 Standards imp1ementing Eurocodes 

The National Standards ilnplen1enting 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 (infornlative). 

The National Annex nlay only contain information on those parameters which are left open in the 
Eurocode for national choice, known as Nationally Deternlined Paranleters, to be used for the design 
of buildings and civil engineering works to be constructed in the country concerned, 

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), ego snow map, 

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

and it may also contain: 

decisions on the application of informative annexes, 

references to non-contradictory c0111plementary information to assist the user to apply the 
Eurocode. 

3) According to Article 12 of the CPD the interpretative documents shall: 

a) concrete form to the essential requirements by harmonising the terminology and the technical bases and indicating classes or 
levels for each requirement where necessmy; 

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 for European technical approvals. 
The Eurocodes, de facto , a similar role in the field ofER 1 and a part ofER 2. 
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Links between Eurocodes and harmonised technical specifications (ENs and 
ETAs) for products 

There is a need for consistency between the hannonised 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 n1ention which 
Nationally Determined Parameters have been taken into account. 

This European Standard is part of EN 1996 which comprises the following Parts: 

Part 1-1: General - Rules for reinforced and unreiriforced masonry 

Part 1-2: General rules - Structural fire design. 

Part 2: Design considerations, selection of materials and execution of masonry. 

Pal1 3: Simpltfied calculation methods for unreinforced masonr)) structures 

EN 1996-2 describes the principles and requirements for design consideratiol1s, selection of nlateria1s 
and execution of masonry structures. 

F or the design of new structures, EN 1996-1-1 is intended to be used, for direct application, together 
with ENs 1990, 1991, 1992,1993,1994,1995,1997,1998 and 1999. 

EN 1996-2 is intended to be used together with EN 1990, EN 1991-1 EN 1996-1-1, EN 1996-1-2 
and EN 1996-3. 

Additional information specific to EN 1996-2 

The scope of Eurocode 6 is defined in EN 1996-1-1, and this includes information on the other parts 
of Eurocode 6. 

National Annex for EN 1996-2 

This standard gives alternative procedures, values and reco111mendations for classes with notes 
indicating where national choices may have to be made. Therefore the National Standard 
implementing EN 1996-2 should have a National Annex containing all National1y 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 

2.3.4.2(2) 

3.5.3.1(1) 

1996-2 through clauses: 

4) see Article 3.3 and Article 12 of the CPO, as well as clauses 4.2,4.3.1,4.3.2 and 5.2 ofID 1. 
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In addition to general references to non-contradictory complementary information specific references 
nlay be made through clauses: 

- I§) 1.1 (2)P 

2.3.1(1) 

3.4(3) 

1 General 

1.1 Scope of Part 2 of Eurocode 6 

(l)P The scope of Eurocode 6 for Masonry Structures as given in 1.1.1 of EN 1996-1-1 :2005 applies 
also to this EN 1996-2. 

(2)P EN 1996-2 gives basic rules for the selection of n1aterials and execution of nlasonry to enable it 
to conlply with the design assulnptions of the other parts of Eurocode 6. With the exception of the 
itenls given in 1.1 (3)P, the scope of Part 2 deals with ordinary aspects of nlasonry design and 
execution including: 

the selection of masonry nlaterials; 

factors affecting the performance and durability of masonry; 

resistance of buildings to 1110isture penetration; 

storage, preparation and use of materials on site; 

the execution of Inasonry; 

masonry protection during execution; 

NOTE 1. Where guidance only is given, additional guidance based on local conditions and practice may be made 
available in non contradictory complementary documents which may be refened to in the National Annex. 

NOTE 2. The scope of Eurocode 6 excludes seismic, thermal and acoustic functional performance of masonry structures; 

(3)P EN 1996-2 does not cover the following itenls: 
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those aspects of masonry covered in other parts of Eurocode 6; 

aesthetic aspects; 

applied finishes; 

health and safety of persons engaged in the design or execution of Inasonry; 

the environmental effects of masonry buildings, civil engineering works and structures on their 
surroundings. 



1.2 Normative references 
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(1)P This European Standard incorporates, by dated or undated reference, provisions frOID 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 amendn1ent or 
revision. For undated references the latest edition of the publication applies (including amendments). 

EN 206-1, Concrete -Part 1: Spectficatiol1, performance, production and cOl?formity 

EN 771 (an parts), Spectficationfor masonry units 

EN 998-2, Specification for mortar for masonry Part 2: MasonlY mortar 

EN 845 (an parts), Spectflcationfor ancillary componentsfor masonry 

EN 1015-11, Methods of test for mortar for masonlY - Part 11: Determination offlexural and 
compressive strength of hardened mortar 

1015-17, Method's of test for mortar for masonry - Part 17: Determination of water-soluble 
chloride content offresh mortars 

EN 1 (an parts), Methods of test for masonry 

EN 1990, Eurocode: Basis of structural design 

EN 1996-1-1, Eurocode 6: Design of masonlY structures Part 1: General rules for reinforced 
and unreinforced masonJ'Y structures 

EN 13914-1, The design, preparation and application of external rendering and internal 
plastering - Part 1: External rendering 

1.3 Assumptions 

(l)P In addition to the assumptions given in 1.3 of EN 1990:2002 the following assun1ptions apply in 
this EN 1996-2: 

Design shall be in accordance with Section 2 taking into account Section 3. 

Execution shall be in accordance with Section 3 taking into account Section 2. 

(2) The design Principles are valid only when the Principles for execution in Section 3 are complied 
with. 

1.4 Distinction between Principles and Application Rules 

(1)P The rules in 1.4 of EN 1990:2002 apply to this EN 1996-2. 
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1.5 Definitions 

1.5.1 General 

(1) The terms and definitions given in 1.5 of EN 1990:2002 apply to this EN 1996-2. 

(2) The tenl1S and definitions used in EN 1996-1-1 apply to this EN 1996-2. 

(3) Additional tenns and definitions used in this EN 1996-2 are given the meanings contained in 
1.5.2 to 1 inclusive. 

1.5.2 Terms and definitions relating to communication of design 

1.5.2.1 

design specification 

docUlnents describing the designer's requirements for the construction, including drawings, 
schedules, test reports, references to pm1s of other documents and written instructions 

1.5.3 Terms relating to climatic factors and exposure conditions 

1.5.3.1 

macro conditions 

clinlatic factors depending on the general climate of the region in which a structure is built, Inodified 
by the effects of local topography and/or other aspects of the site 

1.5.3.2 

micro conditions 

localised clinlatic and environmental factors depending on the position of a Inasonry elenlent within 
the overall structure and taking into account the effect of protection, or lack of protection, by 
constructional details or finishes 

1.5.4 Term relating to masonry units 

1.5.4.1 

accessory masonry unit 

a masonry unit which is shaped to provide a particular function, 
masonry 
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to cOlnplete the geometry of the 



1.5.5 Other terms 

1.5.5.1 

applied finish 

a covering of material bonded to the surface of the masonry 

1.5.5.2 

cavity width 
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the distance perpendicular to the plane of the wall between the cavity faces of the lnasonry leaves of 
a cavity wall or that between the cavity face of a veneer wall and the lnasonry backing structure 

1.5.5.3 

cladding 

a covering oflnaterial(s) fastened or anchored in front of the n1asonry and not in general bonded to it 

1.6 Symbols 

(l)P For the purpose of this standard the symbols in accordance with 1.6 of EN 1996-1-1:2005 apply_ 

(2)P Other syn1bols used in this EN 1996-2 are: 

~) n1inin1unl depth for pointing 

1m n1aximum horizontal distance between vertical movement joints in extenlal non-loadbearing 
walls; 

2 Design considerations 

2.1 Factors affecting the durability of masonry 

2.1.1 General 

(I)P Masonry shall be designed to have the performance required for its intended use. 

2.1.2 Classification of environmental conditions 

2.1.2.1 Micro conditions of exposure 

(I)P The lnicro conditions to which the masonry is expected to be exposed shall be taken into 
account in the design. 

(2) When deciding the micro conditions of exposure of the masonry, the effect of applied finishes, 
protective claddings and details should be taken into account. 
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(3) Micro conditions of exposure of completed nlasonry should be categorised into classes, as 
follows: 

MXl - In a dry environment; 

MX2 - Exposed to lTIoisture or wetting; 

MX3 - Exposed to moisture or wetting plus freeze/thaw cycling; 

MX4 - Exposed to saturated salt air or seawater; 

MX5 - In an aggressive chemical environment. 

NOTE When necessary, more closely defined conditions within these classes may be specified using the sub-classes in 
Annex A (e.g. MX2.1 or MX2.2 and M X 3.1 or M X 3.2). 

(4) To produce masonry that meets specified performance criteria and withstands the environnlental 
conditions to which it is exposed, the detennination of the exposure class should take into account: 

climatic factors; 

severity of exposure to 1110isture or wetting; 

exposure to freeze/thaw cycling; 

presence of chemical ll1aterials that Inay lead to damaging reactions. 

2.1.2.2 Climatic factors (macro conditions of exposure) 

(l)P The effect of the Inacro conditions on the nlicro conditions shall be taken into account when 
determining the wetting of masonry and its exposure to freeze/thaw cycling. 

(2) Concerning the macro conditions the following should be taken into account: 

- rain and snow; 

- the cOlnbination of wind and rain; 

- temperature variation; 

- re1ative hunlidity variation. 

NOTE It is acknowledged that climates (macro conditions) vary considerably throughout Europe and that certain aspects 
of climate can influence the risk of exposure of masonry to wetting and/or freeze/thaw cycling. However, it is the 
classification of the micro conditions that is relevant for determining the durability of masonry rather than the ranking of 
the macro conditions. Examples of relative exposure to wetting of masonry elements in a typical building are shown in 
Annex A. 

2.1.3 Aggressive chemical environments 

(1) In coastal areas the exposure of masonry to airborne chlorides or seawater should be taken into 
account. 
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(2) Possible sources of sulfates include the following: 

natural soils; 

groundwater; 

waste deposits and filled ground; 

construction Inaterials; 

airborne pollutants. 
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(3) Where the presence of aggressive chen1icals in the environment, other than airborne chlorides or 
seawater, can affect masonry, class MX5 should be assumed. Where salts can be transported by 
"vater n10ving through the nlasonry, the potential for increased concentrations and quantities of 
available chelnicals should be taken into account. 

2.2 Selection of materials 

2.2.1 General 

(l)P Materials, where incorporated in the works, shall be able to resist the actions to which they are 
expected to be exposed, including environmental actions. 

(2)P Only materials, products, and systems with established suitability shall be used. 

(3) Where the selection of materials for masonry is not otherwise covered in Part 2, it should be done 
in accordance with local practice and experience. 

NOTE 1 Established suitability may result from confonnity to a European Standard that is either referred to by this 
standard or that specifically refers to uses within the scope of this standard. Alternatively, where either there is no 
appropriate European Standard, or the material or product deviates from the requirements of an appropriate European 
Standard, established suitability may result from conformity to either: 

a Technical Approval, or 
a national standard, or 
other provisions, 

any of which refer specifically to uses within the scope of this standard and are accepted in the place of use of the 
material or product. 

NOTE 2 Acceptable masonry unit specifications and mortar may be selected from Annex Table B.l and B.2, in 
relation to durability. 

2.2.2 Masonry units 

(1) The requirements for masonry units should be specified in accordance with the following parts of 
EN 771 relating to the type of material: 

EN 771-1 for clay n1asonry units; 

771-2 for calciunl silicate masonry units; 

EN 771-3 for aggregate concrete masonry units; 
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771-4 for autoclaved aerated concrete nlasonry units; 

EN 771-5 for manufactured stone Inasonry units; 

EN 771-6 for natural stonemasonry units. 

(2) For products not in accordance with 771 (e.g. reclaimed products) the design specification 
should state the required product perfornlance characteristics and the nleans of their verification 
including the requirements for sanlpling and frequency of testing. 

2.2.3 Masonry mortar and concrete infill 

2.2.3.1 General 

(1) Masonry mortar should be selected according to the exposure condition of the nlasonry and the 
specification of the masonry units. Until a European Standard 111ethod of test for durability is 
available, the suitability of masonry mortars should be determined on the basis of established local 
experience of the perfonnal1ce of the particular materials and mix proportions. 

2.2.3.2 Selection of factory made masonry mortar and concrete infill 

(1) When factory made masonry mortar or concrete infill is considered for use in exposure classes 
MX4 or MX5 the Inanufacturer's advice should be sought as to its suitability. 

NOTE Until a European Standard method of test for durability is available, the suitability of masonry mortars 
conforming to EN 998-2 is based on the manufacturer's experience appropriate to the intended use. 

2.2.3.3 Selection of site-made masonry mortar and concrete infill 

(1) For site-made masonry mortar and concrete infill the design specification should state the 
required product performance characteristics and the means of their verification including the 
requirements for sampling and frequency of testing. In addition, where the designer is satisfied that a 
prescriptive specification will provide the required performance, a detailed specification of the 
constituent ll1aterials, their proportions and the method of mixing may be given either on the basis of 
tests can"jed out on trial lnixes and/or on the basis of authoritative publicly available references 
acceptable in the place of use. 

(2) The guidance in 3.3.1 should be taken into account particularly where admixtures, additions and 
pigments are to be used. 

(3) In exposure classes MX1, MX2 or MX3, the 111asonry mortar should be specified for durability 
using the terms defined in EN 998-2: 

masonry SUbjected to passive exposure; 

111asonry subjected to 1110derate exposure; 

n1asonry subjected to severe exposure. 

NOTE 2.2.3.3(1) requires perfonnance characteristics to be specified in all cases. For durability, 2.2.3.3(3) requires it to 
be done by reference to the stated terminology. It is then an option for the designer to a prescriptive specification 
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that will fulfil the performance requirements, or alternatively, it can be done as an execution task in accordance with 
3.3.1.1(2). For general applications mortar durability designations may be selected from table B.2. 

(4) When site-made lllasonry mortar or concrete infill is to be specified for use in exposure classes 
MX4 or MX5, the mix proportions to provide adequate durability for the particular conditions should 
be selected on the basis of authoritative publicly available references acceptable in the place of use. 

(5) Where adhesion between masonry units and mortar (bond strength) is a particular design 
requirement, the n1ix proportions should take this into account. 

NOTE The manufacturer of masonry units may advice on the type of masonry mortar to be used or tests may be 
carried out in accordance with relevant parts of EN 1052. 

2.2.4 Ancillary components and reinforcement 

(1)P Ancillary components and their fixings shall be corrosion resistant in the environment in which 
they are used. 

NOTE 1 Annex C gives guidance on materials and corrosion protection systems for ancillary components .in relation to 
exposure classes. 

NOTE 2 Reinforcing steel should be selected following the recommendations given in 4.3.3 of EN 1996-1-1 :2005 

2.3 Masonry 

2.3.1 Detailing 

(1) Where the detailing of masonry is not othelwise covered in this EN 1996-2, it should be done in 
accordance with local practice and experience. 

NOTE The local practice and experience may be given in non-contradictory complementary information and referenced 
in the National Annex 

2.3.2 Joint finishes 

(1) Pointing n10rtar should be compatible with the jointing mortar. 

2.3.3 Masonry movement 

(l)P The possibility of masonry movement shall be allowed for in the design such that the 
performance of the masonry in use is not adversely affected by such movement. 

(2) Where intersecting walls do not all have effectively sin1ilar deforn1ation behaviour, the 
connection between such walls should be able to accommodate any resulting differential movement. 

(3) Movement tolerant ties should be provided where required to accomlllodate relative in-plane 
movements between masonry leaves or between masonry and other structures to which the Inasonry 
is attached. 

(4) Where cavity wall ties that are not movement tolerant are used, the uninterrupted height between 
horizontal movelllent joints in the outer leaf of external cavity walls should be limited to avoid the 
loosening of the wall ties. 
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(5) Movenlent joints should be used, or reinforcement should be incorporated into the masonry, in 
order to nlinimise cracking, bowing or distortion caused by expansion, shrinkage, differential 
movements or creep. 

2.3.4 Movement joints 

2.3.4.1 General 

(1) Vertical and horizontal movement joints should be provided to allow for the effects of thermal 
and moisture nl0venlent, creep and deflection and the possible effects of internal stresses caused by 
vertical or lateral loading, so that the Inasonry does not suffer datnage. 

(2) The position of movelnent joints should take into account the need to maintain structural integrity 
of the wall. 

(3) Movenlent joints should be designed and positioned having regard to: 

the type of masonry unit 111aterial taking into account the nloisture l110velllent characteristics of 
the units; 

the geometry of the structure taking into account openings and the proportions of panels; 

the degree of restraint; 

the response of the masonry to long and short tenn loading; 

the response of the masonry to thennal and climatic conditions; 

fire resistance; 

sound and thermal insulation requirenlents; 

the presence or not of reinforcement. 

(4) The detailing of a nlovenlent joint should enable the movement J01nt to acconlmodate the 
anticipated movements, both reversible and irreversible, without damage to the masonry. 

(5) Allmovenlent joints should pass through the full thickness of the wall or the outer leaf of a cavity 
wall and through any finishes that are insufficiently flexible to be able to accommodate the 
nlovenlent. 

(6) Slip planes should be designed to allow parts of the construction to slide, one in relation to the 
other, to reduce tensile and shear stresses in the adjacent elements. 

(7) In external walls, movement joints should be designed to allow any water to flow off without 
causing harn1 to the masonry or penetrating into the building. 
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2.3.4.2 Spacing of movement joints 

(1) The horizontal spacing of vertical movement joints in masonry walls should take into account the 
type of wall, masonry units, mortar and the specific construction details. 

(2) The horizontal distance between vertical movement joints in external non-Ioadbearing 
unreinforced masonry walls should not exceed 1m. 

NOTE 1 The value for lm to be used in a Country may be found in its National Annex. Recommended values for 1m for 
unreinforced non-loadbearing walls are given in the table: 

.Maximum recommended horizontal distance, 1m" between vertical movement joints 
for unreinforced, non-loadbearing walls 

Type of masonry 1m 
(m) 

CIa y masonry 12 
Calcium silicate masonry 8 
Aggregate concrete and manufactured stone masonry 6 
Autoclaved aerated concrete masonry 6 
Natural stone masonry 12 

NOTE 2 The maximum horizontal spacing of vertical movement joints may be increased for walls containing bed joint 
reinforcement conforming to EN 845-3. Guidance may be obtained from the manufacturers of bed joint reinforcement 

(3) The distance of the first vertical joint from a restrained vertical edge of a wall should not exceed 
half the value of 1m. 

(4) The need for vertical nlovement joints in unreinforced loadbearing walls should be considered. 

NOTE No recommended values for the spacing are given as they depend on local building traditions, type of floors used 
and other construction details. 

(5) The positioning of nlovelnent joints should take into account the need to nlaintain structural 
integrity of load bearing internal walls. 

(6) Where horizontal joints are required to accomnlodate vertical movement in an unreinforced 
veneer wall or in an unreinforced non-Ioadbearing outer leaf of a cavity wall, the spacing of 
horizontal nlovement joints should take into account the type and positioning of the support systeln. 

2.3.5 Permissible deviations 

(1) Permissible deviations of the constructed masonry from its intended position should be specified. 

(2) The permissible deviations should be specifically stated as values in the design specification or in 
accordance with locally accepted standards. 

NOTE Compliance with tolerances is necessary in order to ensure that, despite the inevitable inaccuracies at each in 
the building process, the functional requirements are satisfied and the correct assembly of structures and components 
takes place without the need for adjustment or reworking. The permissible tolerances for dimensions of masonry units are 
specified in EN 771. 

(3) Unless otherwise allowed for in the structural design, the pernlissible deviations should not be 
greater than the values given in Table 3.1. Where the design allows for deviations in excess of the 
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values in Table 3.1, the pern1issible deviations should be specifically stated In the design 
specification. 

NOTE Table 3.1 gives the maximum deviations that have been taken into account in EN 1996-1-1 

2.3.6 Resistance to moisture penetration through external walls 

(1) Where there is a need for greater resistance to moisture penetration than can be provided by the 
masonry alone, the application of a suitable rendering, ventilated cladding or other suitable surface 
treatlnent should be used. 

NOTE Guidance on the use of external renderings is given in EN 13914-1, The design, preparation and application of 
external renderings. Where a total barrier to rain penetration is required, a ventilated waterproof cladding system may be 
applied to the masonry. 

3 Execution 

3.1 General 

(l)P All Inaterials used and all work constructed shall be in accordance with the design specification. 

(2)P Precautions shaJ1 be taken to ensure the overall stability of the structure or of individual walls 
during construction. 

3.2 Acceptance, handling and storage of materials 

3.2.1 General 

(1)P The handling and storage of materials and masonry products for use in masonry shall be such 
that the materials are not dan1aged so as to becOlne unsuitable for their purpose. 

(2) Where required by the design specification, n1aterials should be sampled and tested. 

(3) Different materials should be stored separately. 

3.2.2 Reinforcement and prestressing materials 

(l)P The surface condition of reinforcement and prestressing materials shall be examined prior to use 
and it shall be free fron1 deleterious substances, which may affect adversely the steel, concrete or 
mortar or the bond between them. 

(2) Dmnage or defonnation of reinforcement should be avoided during storage and handling. Steel 
reinforcing bars, steel prestressing bars and/or tendons and prefabricated bed joint reinforcement 
should be clearly identified, and stored off the ground, well away from mud, oil, grease, paint or 
welding operations. 

(3) During storage and handling of prestressing steel, welding in the vicinity of tendons without the 
provision of special protection (from welding splatter) should be prevented. 

(4) For sheaths, the following should be taken into account: 
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local damage and corrosion inside should be avoided; 

water-tightness should be ensured. 

3.3 Preparation of materials 

3.3.1 Site-made mortars and concrete infin 

3.3.1.1 General 
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(1) Site-made mortars and concrete infill should be produced using a nlix prescription that will result 
in the required performance characteristics. When the mix prescription is not given in the design 
specification, the detailed specification of constituent materials, their proportions and the nlethod of 
mixing should be selected on the basis of tests carried out on trial nlixes and/or on the basis of 
authoritative publicly available references acceptable in the place of use. 

(2) When tests are required they should be carried out in accordance with the design specification. 
When test results indicate that the mix prescription is not giving the required performance 
characteristics, the 111ix prescription should be amended and if it is part of the design specification 
any anlendments should be agreed with the designer. 

3.3.1.2 Chloride content 

(1) When sampled in accordance with EN 998-2, and tested in accordance with EN 1015-17 or when 
using a calculation method based on measured chlorine ion content of the constituents of the mortar, 
the maximunl value permitted in EN 998-2 should not be exceeded. 

3.3.1.3 Strength of mortar and concrete in fill 

(1) When the properties of mortar need to be verified, specimens should be prepared and tested in 
accordance with EN 1015-11. 

(2) When the properties of concrete infill need to be verified, specimens should be prepared and 
tested in accordance with EN 206 -1. 

3.3.1.4 Admixtures and additions 

(I)P Unless permitted by the design specification, admixtures, additions or pignlents shall not be 
used. 

3.3.1.5 Gauging 

(1)P Materials for mortar and concrete infill shall be measured by weight or by volunle into the 
specified proportions in clean suitable measuring devices. 

(2) In the proportioning of the materials for concrete infill, account should be taken of the amount of 
\vater that will be absorbed by the nlasonry units and l110rtar joints. 
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3.3.1.6 Mixing method and mixing time 

(1) The nlixing nlethod and the time of mixing should ensure consistent production of the COlTect 
mix proportions. Mortar should not be contaminated during subsequent handling. 

(2) Unless hand Inixing is permitted by the design specification, a suitable mechanical mixer should 
be used. 

(3) The 111ixing tilne should be counted fron1 the time when an constituent materials have been added 
to the mixer. Wide variation in the mixing time of different batches should be avoided. 

NOTE [n general, a machine mixing time of 3 minutes to 5 minutes after all the constituents have been added is suitable 
and, except in the case of retarded mortars, the mixing time should not exceed 15 minutes. Prolonged mixing where air
entraining agents are llsed can lead to excessive air entrainment and thus to a reduction in adhesion and durability. 

(4) The nlortar or concrete infill should be Inixed so as to have sufficient workability for it to fill the 
spaces into which it is placed, without segregation, when it is cOlnpacted. 

3.3.1. 7 Workable life of mortars and concrete infill containing cement 

(1) Mortars and concrete infill containing cement should be ready for use when they are discharged 
from the lnixer, and no subsequent additions of binders, aggregates, admixtures, or water should be 
made. 

NOTE Water may be added to site-made mortars to replace water lost by evaporation. 

(2) Mortar and concrete infill should be used before its workable life has expired. Any mortar or 
concrete infill left after the initial set has commenced should be discarded and should not be 
reconstituted. 

3.3.1.8 Mixing in cold weather 

(l)P Water, sand or pren1ixed lime:sand mortars containing ice particles shall not be used. 

(2) Unless specifically permitted by the design specification, de-icing salts or other antifreezing 
agents should not be used. 

3.3.2 Factory nlade mortars, pre-batched mortars, pre-mixed lime sand mortars and ready 
mixed concrete infiH 

(l)P Factory nlade mortars and pre-batched Inortars shall be used In accordance with the 
lnanufacturer's instructions, including mixing time and type of Inixer. 

(2) Mortar should be mixed effectively so that a uniform distribution of the constituents is ensured. 

(3) The site mixing equipnlent, procedures, including mixing in cold weather and care of mixing 
plant and ll1ixing tinle specified by the manufacturer, should be used. 

(4) Pre-mixed lime:sand mortars should be mixed with the binder according to~3.3.1@il. 

(5)P Ready-to-use factory made 11lortars shall be used before the expiry of the workable life stated by 
the lnanufacturer. 
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(6) Ready mixed concrete infill should be used according to the design specification. 

3.4 Permissible deviations 

(l)P All work shall be constructed in accordance with the specified details within permissible 
deviations. 

(2) Din1ensions and planeness should be checked as the work proceeds. 

(3) Deviations of the constructed masonry from its intended position should not exceed the values 
given in the design specification. Where values are not given in the design specification for any of 
the deviations listed in Table 3.1, flatness tolerances or angular tolerances then the corresponding 
permissible deviations should be the lesser of: 

the values given in Table 3.1, see also Figure 3.1; 

the values in accordance with locally accepted practice. 

NOTE Such locally accepted practice can be given in non-contradictory complementary information and referenced in 
the National Annex. 
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Table 3.1 - Permissible deviations for nlasonry elements 

Position IVlaximum deviation 

Verticality 
in anyone storey ± 20 lnm 
in total height of building of three storeys or In ore ± 50 mn1 
vertical alignment 20mm 

Straightness a 

in anyone Inetre ± 10 lum 
in 10 nletres 50 mIn 

Thickness 

of wall leaf b 
± 5 mm or ± 5 % of the leaf thickness 

whichever is the greater 
of overall cavity wall ± 10 nlm. 

a Deviation from straightness is measured from a straight reference line between any two points. 
b Excluding leaves of . 19le masonry unit width or length, where the dimensional tolerances of the 
masonry units govern the leaf thickness. 

(4) Unless otherwise specified, the first course of masonry should not overhang the edge of a floor or 
foundation by more than 15 mm. 

3.5 Execution of masonry 

3.5.1 Adhesion 

(l) Satisfactory adhesion should be achieved by proper preparation of the nlasonry units and luortar. 
The necessity for wetting masonry units before use should be obtained frOin the design specification. 
Where there are no requirenlents in the design specification, the recomnlendations frOll1 the 
manufacturer of the units and, where appropriate, fi'om the lnanufacturer of factory made nl0rtar, 
should be followed. 

(2) Unless otherwise specified, joints should not be recessed to a depth more than 5 lnm in walls of 
thickness 200 mIn or less. 

(3) When using perforated masonry units, the nlortar joints should not be recessed more than 1/3 of 
the shell thickness unless otherwise specified. 

3.5.2 Laying masonry units 

(l) Unless otherwise stated in the design specification, masonry units with frogs should be laid so 
that they are fully filled with mortar. 
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3.5.3 Pointing and jointing for masonry other than thin layer masonry 

3.5.3.1 Pointing 

(l) Where joints are to be pointed, the unhardened mOliar joints should be raked out so as to have 
clean sides to a depth of at least dp, but no more than 15% of the wall thickness, nleasured fronl the 
finished surface of the joint. Loose nlaterial should be brushed out. 

NOTE The value for dp to be used in a Country may be found in its National Annex. The recommended value for dp is 
15 mm for a wall thickness of 100 mm. 

(2) Before pointing the whole area should be cleaned and if necessary \vetted to give the best 
practicable adhesion for the subsequent pointing. 

3.5.3.2 Jointing 

(1) Where masonry is finished by jointing during execution, the mortar should be compacted before 
it has lost its plasticity. 

3.5.4 Incorporation of damp proof course membranes 

(1) Where 110 instructions are available, laps at COll1.ers and intersections of walls should extend the 
full \vidth of the wall and all other laps should be not less than 150 mm. 

3.5.5 Movement joints 

(1) Except for slip ties, components including copings and cappings should not bridge movetuent 
joints. 

3.5.6 Incorporation of thermal insulation materials 

(1) Where insulation is installed by injecting or blowing luaterials into the cavity, the masonry leaves 
should have sufficient strength to resist the pressures imposed during and after installation. 

3.5.7 Cleaning facing masonry 

(1) Splashes of nlortar, grout or other stains should be cleaned off as soon as practicable after they 
occur and preferably by brushing before cenlentitious based materials have hardened. 

(2) The cleaning method should be one recomtuended by the manufacturer of the nlasonry units 
taking into account the kind of staining or efflorescence. 

3.6 Curing and protective procedures during execution 

3.6.1 General 

(l)P Suitable precautions shall be taken to avoid danlage to newly constructed masonry. 

(2) During mortar hydration, newly constructed work should be suitably protected against excessive 
moisture loss or uptake. 
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3.6.2 Protection against rain 
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(1) Completed masonry should be protected fronl rain falling directly onto the construction until the 
mortar has matured. It should be protected from mortar being washed out of the joints and from 
cycles of wetting and drying. 

(2) In order to protect the completed masonry, sills, thresholds, gutters and provisional rain water 
downpipes should be installed as soon as practicable after finishing the bricklaying and pointing. 

(3) Bricklaying and pointing should be stopped during periods of heavy rain and the Inasonry units, 
mortar and the fresh pointing should be protected. 

(4) Freshly pointed nlasonry should be protected froln spells of heavy rain. 

3.6.3 Protection against freeze/thaw cycling 

(1) Precautions should be taken to avoid damage to freshly completed lnasonry and pointing fronl 
freezing and thawing cycles. 

(2) Masonry should not be laid on or with frozen materials. 

3.6.4 Protection against effects of low humidity 

(1) Newly constructed nlasonry should be protected from low hunlidity conditions including the 
drying effects of wind and high temperatures. It should be kept lnoist until the celnent in the nl0rtar 
has hydrated. 

3.6.5 Protection against mechanical damage 

(1) Masonry surfaces, vulnerable arrises at corners and openings, plinths and other projecting 
features should be protected as appropriate from damage and disturbance taking into account: 

other works in progress and subsequent construction operations; 

activities of construction traffic; 

concrete being poured above; 

use of scaffoldings and the construction processes carried out from them. 

(2) Completed masonry should be protected from construction operations that would stain fair-faced 
masonry or affect bonding with future work such as rendering. 

3.6.6 Construction height of masonry 

(1) The height of nlasonry to be built in one day should be linlited so as to avoid instability and 
overstressing of the fresh nlortar. The wall thickness, the type of n10rtar, the shape and density of the 
units and the degree of exposure to the wind should be taken into account in determining an 
appropriate limit. 
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ANNEXA 
(inforn1ative) 

Classification of nlicro conditions of exposure of completed masonry 

A.I Classification 

(1) Table A.I gives a subdivision of the basic classification gIven In sub-clause 2.1.2.1 (3) with 
examples. 

Class 
MXl 

MX2 
MX2.1 

MX2.2 

MX3 
MX3.1 

MX3.2 

MX4 

MX5 

Table A.I - Classification of micro conditions of exposure of completed masonry 

Micro condition of the nlasonry 
In a dry environment 

Exposed to moisture or wetting 
Exposed to moisture but not exposed to 
freeze/thaw cycling or extenlal sources of 
significant levels of sulfates or aggressive 
chemicals 

Exposed to scvere wetting but not exposed to 
freeze/thaw cycling or extenlal sources of 
significant levels of sulfates or aggressive 
chemicals 
Exposed to wetting plus freeze/thaw cycling 
Exposed to nloisture or wetting and freeze/thaw 
cycling but not exposed to extenlal sources of 
significant levels of sulfates or aggressive 
chemicals 
Exposed to severe wetting and freeze/thaw 
cycling but not exposed to extenlal sources of 
significant levels of sulfates or aggreSSIve 
chemicals 
Exposed to saturated salt air, seawater or de
icing salts 
In an aggressive chemical environment 

Exanlples of masonry in this condition 
Interior of buildings for normal habitation and for 
offices, including the inner leaf of external cavity 
walls not likely to become damp. 
Rendered masonry in exterior walls, not exposed 
to moderate or severe driving rain, and isolated 
from damp in adjacent masonry or luaterials. 

Internal masonry exposed to high levels of water 
vapour, such as in a laundry. Masonry exterior 
walls sheltered by overhanging eaves or coping, 
not exposed to severe driving ram or frost. 
Masonry below frost zone in well drained non
aggressive soil. 
Masonry not exposed to frost or aggreSSIve 
chemicals, located: in exterior walls with cappings 
or flush eaves; in parapets; in freestanding walls; 
in the ground; under water. 

Masonry as class MX2.l exposed to freeze/thaw 
cycling. 

Masonry as class MX2.2 exposed to freeze/thaw 
cycling. 

Masonry in a coastal area. Masonry adjacent to 
roads that are salted during the winter 

Masonry in contact with natural soils or filled 
ground or groundwater, where moisture and 
significant levels of sulfates are present. 
Masonry m contact with highly acidic soils, 
contaminated ground or groundwater. Masonry 
near industrial areas where aggressive chemicals 
are airborne. 

NOTE In deciding the exposure of masonry the effect of applied finishes and protective clad dings should be taken into 
account. 

26 



A.2 Exposure to wetting 

(1) Figures A.I and A.2 give examples of relative exposure to wetting. 
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NOTE The figures are based on typical modern construction but for clarity they do not show all detailing of cavities and 
damp proofing. 

~ Key 

...... - -iiliiii--~~.:iiiiiiiiii:.iiiii 

I Relative exposure to wetting 

a) coping with overhang 

c) sill with overhang 

b) coping without overhang 
(simp Ie capping) 

d) sill without overhang 
(flush sill) 

Protected 

Figure A.I - Examples of the effect of building detail on 
relative exposure to wetting of masonry 

Severe 
W .. /.·./-h··· •• ~. 
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Key 

Relative exposure to wetting 
Protected Severe 

D I-III I': W~ 
NOTE The extent of the zones of 
relative wetting will be affected by 
the macro climate 

1) flush eaves 
2) balcony 
3) coping 
4) render 
5) parapet 
6) overhanging eaves 
7) inspection chamber 
8) freestanding wall 
9) paving 
10) earth retaining wall ~"'----

) 

Figure A.2 - Exanlples of relative exposure to wetting of masonry (not protected by applied 
finishes or cladding except where indicated, foundation in well drained soil) 
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ANNEXB 
(inforn1ative) 
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Acceptable specifications of masonry units and mortar for durable masonry in 
various exposure conditions 

B.l Selection of masonry units and mortar 

(1) Masonry units and n10liar rnay be selected fron1 Tables B.l and B.2, according to the exposure 
class of the masonry detennined from Table A.1. 

(2) Masonry mortar is specified for durability using the terms defined in EN 998-2. For the purposes 
of Table B.2 they are abbreviated using the following symbols: 

P - Inortar for use in masonry subjected to passive exposure; 

M mortar for use in n1asonry subjected to moderate exposure; 

s - nlortar for use in masonry sUbjected to severe exposure. 

(3) Until a European test method is available, the designation of site-nlade mortar mix prescriptions, 
for which authoritative data are available, may be related to the P, M, or S designations. 

(4) In addition to selecting a mortar for durability, other perfonnance characteristics such as 
compressive strength, bond strength, and water retentivity need to be taken into account so that the 
mortar is compatible vvith the selected masonry units and enables the masonry to satisfy all relevant 
design requirements. 

(5) In the present state of the art guidance on the suitability of n10rtars will generally need to be 
obtained from the manufacturers of factory made mortars or in the case of site-made mortars frOln 
authoritative sources accepted in the place of use, see 2.2.3. 
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'fable B.1 - Acceptable specifications of masonry units for durability 

Exposure Clay Calcium silicate Aggregate concrete Autoclaved Manufactured Natural stone 
class masonry masonry units masonry units aerated stone masonry masonry units 
(see units conforming to confonning to EN771-3 concrete units conforming to 

Table conforming EN771-2 Dense Lightweight masonry units conforming to EN771-6 
A.I) to EN771-1 aggregate aggregate conforming to EN771-5 

EN771-4 

MXP Any Any Any Any Any Any ly 

MX2.I 
Fa, FI or F2 

Any Any Any Any Any Any 
/ S] or S2 

MX2.2 
Fa, F J or F2 

Any Any Any ~ 400 kg/m3 Any Any 
/ SJ or S2 

MX3.1 
FI or F2/ SJ Freeze/thaw Freeze/thaw Freeze/thaw 

~ 400 kg/m3 
Consult 

or S2 resistant resistant resistant manufacturer 

MX3.2 F2/ Sl or S2 
Freeze/thaw Freeze/thaw Freeze/thaw 

~ 400 kg/m3 Any 
Consult 

resistant resistant resistant manufacturer 

MX4 
1n each case assess the of exposure to salts, wetting and freeze/thaw cycling and consult the 
manufacturer. 
In each case a specific assessment should be made of the environment and the effect of the chemicals 

MX5 involved taking into account concentrations, quantities available and rates of reaction and consult the 
manufacturer 

a Class MXl is valid only as long as the masonry, or any of its components, is not exposed during execution to more 
severe conditions over a prolonged period of time. 

Table B.2 - Acceptable specifications of mortars for durability 

Exposure class 
M.ortar in combination with any type of unit, classified according to B.l (2) 

(see Table A.I) 
MXl a,b P,M,or S 

MX2.1 M,orS 
MX2.2 M or S C 

MX3.I MorS 
MX3.2 SC 

l\1X4 
~each case assess the degree of exposure to salts, wetting and fj'eeze/thaw cycling and consult 

manufacturers of the constituent materials. 
In each case a specific assessment should be made of the environment and the effect of the 

MX5 chemicals involved taking into account concentrations, quantities available and rates of reaction 
and consult the manufacturers of the constituent materials. 

a Class MXl is valid only as long as the masonry, or any of its components, is not exposed during execution to more 
severe conditions over a prolonged period of time. 
b When designation P mortars are specified it is essential to ensure that masonry units, mortar and masonry undeI 
construction are fully protected from saturation and freezing. 
c When clay masonry units of Soluble Salts Content Category S 1 is to be used in masonry where the Exposure Class 
is MX2.2, MX3.2, MX4 and MX5 the m0l1ars should in addition be sulfate resisting 
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ANNEXC 
(informative) 

Selection of material and corrosion protection specifications for ancillary 
components according to exposure class 

C.J Exposure classes 

(1) The range of environmental conditions encountered by ancillary cOlnponents is classified into the 
five exposure classes MX l, MX2, MX3, MX4 and MX5 as given in Table A.1. 

(2) The choice of exposure class should take into account either the exposure of products during 
execution or in the finished work, whichever will be the more onerous. 

C.2 Selection of materials 

(l) The material and protective coating, if any, for ancillary conlponents can be selected from the 
relevant part of EN 845. 

(2) Materials for the manufacture of ancillary components and their corrosion protection systems are 
specified in full in the relevant part of EN 845 and each one is given a unique material/coating reference. 
This reference gives no indication of relative perfonnance or quality. 

(3) Materials for ties, tension straps, hangers and brackets, conforming to EN 845-1, can be selected 
using Table C.l. 

(4) Materials for lintels, confoIDling to EN 845-2, can be selected using Table C.2. 

(5) Materials for bed joint reinforcement, conforming to EN 845-3 can be selected using Table C.3. 

(6) Tables C.l, C.2 and C.3 show the material/coating reference with a brief description of the nlaterials 
and the exposure classes, in which the specification is suitable. This guidance is based on long ten11 
experience of the durability of such materials in a range of exposure conditions. Currently there is 110 
accepted accelerated exposure test for measuring this parameter. 

(7) Materials allocated to each exposure class will be expected to have an eco1101nically reasonable 
working life under the conditions described, subject to specialist advice being obtained in sonle cases, as 
indicated in the table. The choice will be dependent upon the particular application, its location and the 
intended working life. 

(8) Where ancillary components need to be nlovement tolerant during installation or use, the ability of 
the materials and coatings to withstand the expected movement ought to be taken into account. 
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Table C.I - Corrosion protection systems for ties, tension straps, brackets and hangers 
conforming to EN 845-1 in relation to exposure classes 

Material a Ref. Exposure class 
No. MXl MX2 MX3 MX4 MX5 

Austenitic stainless steel (molybdenum chrOlne nickel alloys) 1 U U U U R 
Plastic used for the body of ties 2 U U U U R 
Austenitic stainless steel (chrome nickel alloys) 3 U U U R R 
Fenitic stainless steel 4 U X X X X 
Phosphor bronze 5 U U U X X 
Aluminium bronze 6 U U U X X 
Copper 7 U U U X X 
Zinc coated (940 g/m2) steel wire 8 U U U R X 
Zinc coated (940 g/m2) steel component 9 U U U R X 
Zinc coated (710 ghn2) steel component 10 U U U R X 
Zinc coated (460 g/m2) steel component 11 U R R R X 
Zinc coated (300 g/m2) steel strip or sheet with organic coating 

12.1 U U U R X 
over all outer surfaces of finished component 
Zinc coated (300 g/m2) steel strip or sheet with organic coating 

12.2 U U U R X 
over all outer surfaces of finished component 
Zinc coated (265 g/m2) steel wire 13 U R R X X 
Zinc coated (300 g/m2) steel strip or sheet with all cut edges 

14 U R R X X 
organic coated 
Zinc pre-coated (300 g/m2) steel strip or sheet 15 U R R X X 
Zinc coated (137 g/m2) steel strip or sheet with organic coating 

16.1 U U U R X 
over all outer smfaces of finished component 
Zinc coated (137 ghn2) steel strip or sheet with organic coating 

16.2 U U U R X 
over all outer surfaces of finished component 
Zinc pre-coated (137 g/m2) steel strip with zinc coated edges 17 U R R X X 
Zinc coated (60 g/m2) steel wire with organic coating over all 

18 U R R R X 
surfaces of finished component 
Zinc coated (105 g/m2) steel wire 19 U R R X X 
Zinc coated (60 E/m2) steel wire 20 U X X X X 
Zinc pre-coated (137 g/m2) steel sheet 21 U X X X X 
KEY: U - unrestricted use of the material in listed class of exposure. 

R - restricted use; consult the manufacturer or a specialist consultant for advice for the specific 
design conditions. 

X - Inaterial not recOlnmended for use in this exposure class. 
a The fu]] specification of the material and coating or concrete cover conesponding to the 
reference number or letter is given in EN 845-1. The coating weights shown are approximate values for 
one surface. 
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Material a 

Table C.2 - Corrosion protection systems for lintels 
conforming to EN 845-2 in relation to exposure classes 

Ref. Exposu re class 
No. MXl MX2 'MX3 MX4MX5 

Austenitic stainless steel (chrome nickel alloys) L3 U U U R R 
Zinc coated (710 ghn2) steel component LI0 U U U R X 
Zinc coated (460 g/m2) steel component Lll U D D R X 
Zinc coated (460 g/m2) steel component with organic 

Ll1.1 U U U R X 
coating on specified upper surfaces 
iZinc coated (460 g/m2) steel component with organic 

Ll1.2 U U U R X 
coating on specified upper surfaces 
Zinc coated (300 ghn2) steel strip or sheet with organic 

L12.1 U U U R X 
coating over all outer surfaces of finished component 
Zinc coated (300 g/m2) steel strip or sheet with organic 

L12.2 U U U R X 
coating over all outer surfaces of finished cOlnponent 
Zinc coated (300 g/m2) steel strip or sheet with all cut 

L14 U 0 0 R X 
edges organic coated 
Zinc coated (137 g/m2) steel strip or sheet with organic 

L16.1 U D D R X 
coating over all outer surfaces of finished component 
Zinc coated (137 ghn2) steel strip or sheet with organic 

L16.2 U U U R X 
coating over all outer surfaces of finished component 
Concreteb or concrete and Inasonry A U U R R R 
Concreteb or concrete and Inasonry B U U R R X 
Concreteb or concrete and masonry C U U R X X 
Concreteb or concrete and Inasonry D U U X X X 
Concreteb or concrete and masonry E U X X X X 
Concretcb or Inasonry with stainless steel reinforcement F I U U R R R 
~utoc1aved aerated concrete with reinforcement 

G U R R R R 
[protected by a coating system 

KEY: U - unrestricted use of the material in listed class of exposure. 
R - restricted use; consult the manufacturer or a specialist consultant for advice for the 

specific design conditions. 
D - with a dmnp proof course on top of the lintel the use is unrestricted (U). Without a 

dmnp proof course on top of the lintel the use is restricted (R) 
X - lnaterial not recommended for use in this exposure class. 

la The full specification of the material and coating or concrete cover corresponding to the 
reference number or letter is given in EN 845-2. Thc coating weights shown are approximate 
values for one surface. 
b The lnanufacturer, or a specialist consultant, may permit a less restrictive use for prefabricated 
lintels, based on local experience' 
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Table C.3 - Corrosion protection systems for bed joint reinforcement 
conforming to EN 845-3 in relation to exposure classes 

Material a Ref. Exposure class 
No. MXI MX2 MX3 MX4MX5 

Austenitic stainless steel (molybdenum chrome nickel alloys) Rl U U U U R 
Austenitic stainless steel (chrome nickel al1oys) R3 U U U R R 
Zinc coated (265 g/n12) steel wire RI3 U R R X X 
Zinc coated (60 g/n12) steel wire with organic coating over all 

RI8 U U U R X 
surfaces of finished cOll1ponent 
~inc coated ( 1 05 ghn2) steel wire RI9 U R R X X 
Zinc coated (60 g/m2) steel wire R20 U X X X X 
Zinc pre-coated (137 g/m2) steel sheet R21 U X X X X 
KEY: U - unrestricted use of the material in listed class of exposure. 

R - restricted use; consult the lnanufacturer or a specialist consultant for advice for the specific 
design conditions. 

X - material not recommended for use in this exposure class. 
'I The full specification of the material and coating or concrete cover cOlTesponding to the reference 
number or letter is given in EN 845-3. The coating weights shown are approximate values for one surface. 
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Foreword 

This European Standard EN 1996-3 has been prepared by Technical Comlnittee CEN/TC 250 "Structural 
Eurocodes", the secretariat of which is held by BSI. 

This European Standard shall be the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by July 2006, and conflicting national standards shall 
be withdrawn at the latest by March 2010. 

250 is responsible for all Structural Eurocodes. 

This document supersedes ENV 1996-3: 1999 

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the 
following countries are bound to ilnplement this European Standard: Austria, Belgium, Cyprus, 
Czech Republic, Demnark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxelnbourg, Malta, Netherlands, Norway, Poland, Portugal, ROlnania, 
Slovakia, Slovenia, Spain, Sweden, Switzerland and United KingdOln. 

Background of the Eurocode programme 

In 1975, the Con11nission of European COlnlnunity decided on an action progralnlne in the field 
of construction, based on article 95 of the Treaty. The objective of the programn1e was the 
el imination of technical obstacles to trade and the hannonisation of technical specifications. 

Within this action progran1n1e, the COlnmission took the initiative to establish a set of hannonised 
technical nlles for the design of construction works which, in a first stage, would serve as an 
alternative to the national rules in force in the Men1ber States and, ultimately, would replace them. 

For fifteen years, the COlnmission, with the help of a Steering C0111lnittee with Representatives of 
Melnber conducted the developlnent of the Eurocodes progran1111e, which led to the first 
generation of European codes in the 1980s. 

In 1989, the Conu11ission 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 through a series of Mandates, in order to provide then1 with a future 
status of European Standard (EN). This links de facto the Eurocodes with the provisions of all the 
Council's Directives andlor C01nmission'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 lnarket). The Structural Eurocode programl11e comprises the 
following standards generally consisting of a nU111ber of Parts: 

Agreemelnt between the Commission of the European Communities and the European Committee for Standardisation 
concerning the work on Eurocodes for the design of building and civil works (BCICEN/03/89). 

4 



EN 1990, Eurocode: Basis of structural design. 

EN 1991, Eurocode 1: Actions on structures. 

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. 

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

EN 1999, Eurocode 9: Design of aluminium structures. 
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Eurocode standards recognise the responsibility of regulatory authorities in each Melnber State and 
have safeguarded their right to determine values related to regulatory safety matters at national 
level where these continue to vary fronl 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 lneans to prove compliance of building and civil engineering works with the essential 
requirements of Council Directive 8911 06/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 constluction works and related engineering services; 

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

The Eurocodes, as far as they concern the construction works thenlselves, have a direct relationship 
with the Interpretative Documents2 referred to in Article 12 of the CPD, although they are of a 
different nature fr01n harmonised product standards3. Therefore, technical aspects arising from the 

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 hanTIonised 
ENs and ETAGs/ETAs. 

3 According to Aliicle 12 of the CPD the interpretative documents shall: 

a) 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.; 

5 



BS EN 1996-3:2006 
EN 1996-3:2006 (E) 

Eurocodes work need to be adequately considered by CEN Technical Committees and/or EOTA 
Working Groups \vorking 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 implenlenting Eurocodes 

The National Standards implementing Eurocodes wi11 comprise the full text of the Eurocode 
(including any annexes), as published by CEN, which n1ay be preceded by a National title page and 
National foreword, and may be fo11owed by a National Annex (informative). 

The National Annex n1ay only contain information on those parameters \vhich 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 concelned, 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 altelnative procedures are given in the Eurocode 

and it n1ay also contain 

decisions on the application of informative annexes, 

references to non-contradictory cOlnplen1entary 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 hannonised technical specifications for construction 
products and the technical rules for works4 . Furthermore, all the information accon1panying the CE 
Marking of the construction products which refer to Eurocodes shall clearly mention which 
Nationally Detelmined Paralneters have been taken into account. 

This European Standard is part of EN 1996 which comprises the following parts: 

Part 1-1: General rules for reinforced and unreinforced masonry. 

c) serve as a reference for the establishment of harmonised standards and guidelines for European technical approvals. 
The Eurocodes, defaclo, a similar role in the field of the ER 1 and a pali ofER 2. 

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 ofID I. 
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Part 1-2: General rules - Structuralfire design. 

Part 2: Design considerations, selection of materials and execution of masonry. 

Part 3: Simpl~fied calculation 111ethodsfor unreinforced masonry structures. 
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EN 1996-1-1 describes the principles and requirements for safety, serviceability and durability of 
l11asonry stnlctures. It is based on the lin1it state concept used in conjunction with a partial factor 
l11ethod. This 1996-3 describes simplified calculation methods to facilitate the design of 
unreinforced masonry walls based on the principles frOlll 1996-1-1. 

For the design of new structures, EN 1996 is intended to be used, for direct application, together 
with ENs 1990, 1991, 1992, 1993, 1994, 1995, 1997,1998 and 1999. 

EN 1996-3 is intended for use by: 

committees drafting standards for structural design and related product, testing and execution 
standards; 

clients for the fonl1ulation of their specific requirements on reliability 1evels and 
durability); 

designers and contractors; 

relevant authorities. 

National Annex for EN 1996-3 

This standard some SYl11bols for which a National value needs to be given, with notes 
indicating where national choices may have to be made. Therefore the National Standard 
inlplelnenting 1996-3 should have a National Annex containing all National1y Detennined 
Parameters to be used for the design of buildings and civi 1 engineering works to be constructed in 
the relevant country. 

National choice is allowed in EN 1996-3 through clauses: 

2.3 (2)P Verification by the partial factor method 

4.1 (P) Verification of the overall stability of a building 

4.2.1.1 (1 )PGeneral conditions 

(l) Capacity reduction factor 

D.1 (1) Characteristic cOlnpressive strength 

D.2 (1) Characteristic flexural strength 

D.3 (1) Characteristic initial shear strength. 
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1 General 

1.1 Scope Part 3 of Eurocode 6 

(l)P The scope of Eurocode 6 for Masonry Structures as given in 1.1.1 of EN 1996-1-1:2005 
applies a1so to this EN 1996-3. 

NOTE: Eurocode 6 deals only with the requirements for resistance, serviceability and durability of structures. Other 
requirements are not considered. Eurocode 6 does not cover the special requirements of seismic design. 

(2)P EN 1996-3 provides simplified calculation methods to facilitate the design of the fo1lowing 
unrein forced masonry walls, subject to certain conditions of application: 

walls subjected to vertical loading and wind loading; 

walls subjected to concentrated loads; 

shear wal1s; 

basement wal1s subjected to lateral earth pressure and vertical loads; 

walls subjected to lateralloads but not subjected to vertical loads. 

(3)P The ndes given in EN 1996-3 are consistent with those given in EN 1996-1-1, but are n10re 
conservative in respect of the conditions and lin1itations of their use. 

(4) For those types of Inasonry structure or parts of structures not covered by (l), the design shall 
be based on EN 1996-1-1. 

(5) This EN 1996-3 applies only to those masonry structures, or parts thereof, that are described in 
EN 1996-1-1 and EN 1996-2. 

(6) The sin1p1ified calculation methods given in this EN 1996-3 do not cover the design for 
accidental situations. 

1.2 Normative references 

(l)P The references in 1.2 of EN 1996-1-1:2005 apply to this EN 1996-3. 

1.3 Assumptions 

(l)P The assumptions given in 1.3 of EN 1990:2002 apply to this EN 1996-3. 

1.4 Distinction between Principles and Application Rules 

(l)P The rules of 1.4 of EN 1990:2002 apply to this EN 1996-3. 
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1.5 Definitions 

1.5.1 General 

(l) The tem1S and definitions given in 1.5 of EN 1990:2002 apply to this EN 1996-3. 

(2) The terms and definitions in 1.5 of EN 1996-1-1 :2005 apply to this EN 1996-3. 

(3) Additional tem1S and definitions used in this EN 1996-2 are given the meanings contained in 
clause 1.5.2. 

1.5.2 Masonry 

1.5.2.1 

basement wall 

a retaining wall constructed partly or fully below ground level. 

1.6 Symbols 

(l)P Material-independent symbols are given in 1.6 of EN 1990. 

(2)P For the purpose of this standard the symbols given in EN 1996-1-1 apply. 

(3)P Other symbols used in this EN 1996-3 are: 

be is the distance apart of cross walls or other buttressing elements; 

c is a constant; 

jl~,s is the characteristic compreSSIve strength of masonry, determined frOlTI a simplified 
method; 

ivdo is the design value of the initial shear strength; 

fvdu is the design value of the limit to the shear strength; 

ha is the average height of the building; 

he is the height of the wall under ground level 

hm is the maximun1 height of a building allowed with the simplified calculation method; 

kG is a constant; 

I is the length of a wall in the horizontal direction; 

Ibx is the p]an dimension of a building in the x-direction; 

hy is the plan dimension of a building in the y-direction; 

Ir is the span of a floor; 

Ir,ef is the effective span of a floor; 

lsx is the length of a shear wall orientated in the x-direction; 

leI}' is the length of a shear wall orientated in the y-direction; 
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is the design value of the maximum vertical load 

is the design value of the minimum vertical load 

qEwd is the design wind load per unit area; 

WEk is the characteristic wind load per unit area; 

a is the loading ratio; 

f3 is a constant; 

pc is the weight per volume of the soil; 

dJs is the capacity reduction factor. 

2 Basis of design 

2.1 General 

(l)P The design of 111aSonry buildings shall be in accordance with the general rules given in 
1990. 

(2)P Specific provisions for masonry structures are given in section 2 of EN 1996-1-1 :2005 and 
shall be applied. 

2.2 Basic variables 

(l)P Actions shall be obtained from the relevant parts of 1991. 

(2)P Partial factors for load shall be obtained from EN 1990. 

(3)P Properties for materials and construction products and geometrical data to be used for design 
shall be those specified in EN 1996-1-1, or other relevant hENs of unless otherwise 
indicated in this 1996-3. 

2.3 Verification by the partial factor method 

(l)P The verification by the partial factor method shall be done according to clause 2.4 of 
1996-1-1 :2005. 

NOTE: The notes to 2.4.2 of EN 1996-1-1:2005 also apply. 

(2)P The relevant values of the partial factor for materials JIM shall be used for the ultimate limit 
state for ordinary situations. 

NOTE: The numerical values to be ascribed to the symbol YM may be found in the National Annex. Recommended 
values are those as given in c1ause 2.4.3 of EN 1996-1-1 :2005. The recommended values for masonry are repeated in 
the table below. 
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Material 
I 

Masonry made with 1 

Units of Category l, designed mortar 1,5 
i 

Units of Category I, prescribed mortar 1,7 

Units of Category II 2,0 

END of NOTE 

3 Materials 

3.1 General 

!I\1 

Class 

2 3 

1,7 2,0 

2,0 2,2 

2,2 
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4 5 

2,2 2,5 

2,5 2,7 

2,7 3,0 

(l)P The materials used in the masonry walls referred to in this EN 1996-3 shall be in accordance 
with Section 3 of EN 1996-1-1:2005. 

(2) Masonry units should be grouped as Group 1, Group 2, Group 3 or Group 4 according to clause 
3.1.1 of EN 1996-1-1:2005. 

NOTE: Normally the manufacturer will state the grouping of his units in his product declaration. 

3.2 Characteristic compressive strength of masonry 

(l)The characteristic compressive strength of masonry should be determined according to 3.6.1 of 
EN 1996-1-1:2005. 

(2) A simplified method to determine the characteristic compressive strength of Inasonry for use in 
this document is provided in Annex D. 

3.3 Characteristic flexural strength of masonry 

(1) The characteristic flexural strength of masonry should be determined according to 3.6.3 of 
EN 1996-1-1:2005. 

(2) A sinlplified method to determine the characteristic flexural strengths of masonry for use in this 
doculnent is provided in Annex D. 

3.4 Characteristic initial shear strength of masonry 

(1) The characteristic initial shear strength of masonry, .fvko, should be determined according to 
3.6.2 of EN 1996-1-1:2005. 
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(2) A sin1plified method to determine the characteristic initial shear strength of masonry for use in 
this document is provided in Annex D. 

4 Design of unreinforced nlasonry ,valls using simplified calculation methods 

4.1 General 

(l)P The overall stability of a building, of which the wall forms a part, shall be verified. 

NOTE: The verification may be carried out in accordance with 5.4(1) of EN 1996-1-1:2005 or from a simplified 
method, which may be given in the National Annex. 

4.2 Simplified calculation method for walls subjected to vertical and wind loading 

4.2.1 Conditions for application 

4.2.1.1 General conditions 

(l)P For use of the silnplified n1ethod the following conditions shall be complied with: 

the height of the building above ground level shall not exceed hm; for buildings with a sloping 
roof the height shall be detennined as average height ha indicated in Figure 4.1. 

Figure 4.1 -Determination of average height 

NOTE The numerical value to be ascribed to the symbol hn for use in a country may be found in its National Annex. 
Recommended values, given as classes, are given in the table below. 

12 

the span of the floors supported by the walls shall not exceed 7,0 m; 

the span of the roof supported by the walls shall not exceed 7,0 tn, except in the case of a 
lightweight trussed roof structure where the span shall not exceed 14,0 n1; 

the clear storey height shall not exceed 3,2 m unless the overall height of the building is 
greater than 7,0 m, in which case the clear storey height of the ground storey n1ay be 4,0 n1. 
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the characteristic values of the variable actions on the floors and the roof shall not exceed 
5,0 kN/nl\ 

the walls are laterally restrained by the floors and roof in the horizontal direction at right 
angles to the plane of the wall, either by the floors and roof themselves or by suitable methods, 
e.g. ring beanls with sufficient stiffness according to 8.5.1.1 of EN 1996-1-1 :2005 

the walls are vertically aligned throughout their height. 

the floors and roof have a bearing on the wall of at least 0,4 t of the thickness of the wan but 
not less than 75 mm; 

the final creep coefficient of the masonry rjJc:J:J does not exceed 2,0; 

the thickness of the wall and the compressive strength of the nlasonry shall be checked at each 
storey level, unless these variables are the same at all storeys. 

NOTE A further simplified calculation method, applicable to buildings not exceeding 3 storeys in height, is given in 
Annex A. 

4.2.1.2 Additional conditions 

(1) For 'walls acting as end supports to floors (see Figure 4.2), the sinlplified ca1culation method 
given in 4.2.2 nlay be applied only if the floor span h is not greater than: 

7,0 m when NEd :::; kG t bJd (4.1a) 

or 

the lesser of 4,5 + 10 t (in m) and 7,0 m whenJd > 2,5 N/nlm2 ( 4.1 b) 

or 

the lesser of 4,5 + 10 t (in nl) and 6,0 In whenJd :::; 2,5 N/mn12 (4.1 c) 

where: 

NEd is the design vertical load on the level being considered; 

t is the actual thickness of the wall, or the load bearing leaf of a cavity wall, acting as an end 
support, in metres; 

b is the width over which the vertical load is effective; 

iii is the design compressive strength of the lnasonry; 

ka is 0,2 for Group 1 masonry units 
is 0,1 for Group 2, Group 3 and Group 4 masonry units. 
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h 

Figure 4.2 - Wall acting as end support 

(2)P Walls acting as end supports to floors or roofs that are subjected to wind loading shall be 
designed according to 4.2.2 only if: 

+ c
2

h (4.2) 

where: 

14 

h is the clear storey height; 

qEwd is the design wind load on the wall per unit area of the wall; 

NEd is the design value of the vertical load giving the least severe effect on the wall at the top of 
the storey considered; 

b is the width over which the vertical load is effective; 

a 

CI, C2 

is the actual thickness of the wall, or the load bearing leaf of a cavity wall, acting as an end 
support; 

IS 
t b fd ' 

are constants derived from Table 4.1. 

Table 4.1 : Constants Cl and C2 

a CI C2 

0,05 0.12 0,017 
0,10 0,12 0,019 
0,20 0,14 0,022 
0,30 0,15 0,025 
0,50 0,23 0,031 

NOTE Linear interpolation is permitted. 
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NOTE Annex C gives a simplified method for lateral load design, but it may be used to obtain the thickness t instead of 
equation (4.2) if the design vertical load giving the most severe effect is ~ kG b t f~1 or less, where kG @l], b, t 
and .l, are as described in 4.2.1.2. 

4.2.2 Deternlination of design vertical load resistance of a wall 

4.2.2.1 General 

(l)P Under the ultilnate 1inlit state it shall be verified that: 

(4.3) 

where: 

NEd is the design verticalload on the wall; 

NRd is the design vertical load resistance of the wall according to clause 4.2.2.2. 

4.2.2.2 Design vertical load resistance 

(1) The design vertical load resistance NRd may be determined fronl: 

(4.4) 

where: 

lPs is the capacity reduction factor allowing for the effects of slendelness and eccentricity of 
the loading, obtained fronl 4.2.2.3; 

.Id is the design compressive strength of the nlasonry; 

A is the loaded horizontal gross sectional area of the wall. 

4.2.2.3 Capacity reduction factor 

(1) The capacity reduction factor lPs for intennediate walls should be detennined from equation 
(4.5a). 

(/Js = 0,85 - 0,0011 [!~!:LJ2 
tef 

( 4.5a) 

For walls acting as end supports to the floors lPs should be detemlined from the lesser of equation 
(4.5a) or 

If' f' 
(/Js = 1,3 - ~~ 0,85 

8 
(4.5b) 

F or walls at the highest level acting as end support to the top floor or roof tpc, should be detennined 
fronl the lesser of equations (4.5a), (4.5b) or 

( 4.5c) 
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where: 

hef is the effective height of the wall (see 4.2.2.4); 

tel' is the effective thickness detem1ined in accordance with 5.5.1.3 of EN 1996-1-1 :2005 or 

tef = t for a single leaf wall 

tef = t? + d for a cavity wall with wall ties of not less than ntmin, the minimulTI number 

of wall ties per m2
, where t1 and t2 are the actual thicknesses of the leaves 

and where the modulus of elasticity of the unloaded leaf is equa1 to or 
greater than 90% of that of the loaded leaf. 

her is the effective span of the floor in metres for which the wall is acting as end support, as 
follows: 

/r,er = /r for simply sUPPOlied floor structures; 

lJ~ef = 0,7 lr 

If,ef = 0,7 lr 

I f,cf = 0,5 lr 

for continuous floor structures; 

for simply supported floors spanning in 2 directions where the supported 
length on the considered wall is not greater than two times /r; 

for continuous floors spanning in 2 directions where the suppOlied length 
on the considered wall is not greater than two times lr; 

lPs is the capacity reduction factor which incorporates the buckling effect, the initial 
eccentricity, the eccentricity due to loads and the creep effect. 

NOTE The value of I1 llll in for use in a country may be found in its National Annex; the recommended value is 2. 

4.2.2.4 Effective height of walls 

(I) The effective height n1ay be detennined by 

(4.6) 

where: 

h is the clear storey height; 

Pn is a reduction factor where n = 2, 3 or 4 depending on the edge restraint or stiffening of the 
wall. 

(2) The reduction factor Pn may be determined as follows. 

(i) For walls laterally and rotationally restrained, at top and bottom only, by reinforced or 
prestressed concrete floors or roofs (see Figure 4.3) and having a bearing of at least 2/3 the 
thickness of the wa] 1, but not less than 85 mm: 
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P2 = 1,0 if the wall is acting as end suppOli to a floor, 

P2 = 0,75 for all other walls. 



I 

P2. 1,0 h 

I 

_It _ 
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P2. 0,75 

Figure 4.3 - Rotational restraint provided by floors or roof 

(ii) For all walls laterally restrained at top and bottom only (e.g. by ring beams of appropriate 
stiffness or timber floors) but not rotationally restrained by the floors or roof (see Figure 4.4): 

r -

-- I 
J~ 

P2 = 1,0 h 

~t 

-~ I 

.. -

Figure 4.4 - No rotational restraint provided by floors or roof 

(iii) For walls laterally restrained at top and bottom and at one vertical edge (see figure 4.5): 

I 
P3 =1,5- ~ 0,75 in the case of rotational restraint at top and bott0111 only as in (i) above if the wall 

h 
is not acting as end support of the floor; 

~ 1,0 in all other cases in (i) and (ii) above 

where: 

h is the clear storey height; 

is the distance from the vertically supported edge to the edge. 
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/ 

/ // /' / " 

h 

I 

Figure 4.5 - Wall laterally restrained at top and bottom and at one vertical edge 

(iv) For wal1s laterally restrained at top and bottom and at two vertical edges (see Figure 4.6): 

I 
P4 =- ~ 0,75 in the case of rotational restraint at top and bottom only as in (i) above if the wall 

2h 

is not acting as end support of the floor; 

~ 1,0 in all other cases in (1) and (ii) above 

where: 

h is the clear storey height; 

is the distance between the supports at the vertical edges. 

/ 
/ 

/ / 

/ / 

/ 

h /" / 

/ / 
/ / / 

Figure 4.6 - Wall laterally restrained at top and bottom and two vertical edges 

4.2.2.5 Slenderness ratio of walls 

(1) The slenderness ratio of a wall her/fef should not be greater than 27. 

4.3 Simplified calculation method for walls subjected to concentrated loads 

(1) The design value of the vertical concentrated load resistance of a wall, NRde , may be obtained 
fronl: 

-equation (4.7), for nlasonry made with Group 1 units; 

-equation (4.8), for nlasonry nlade with Group 2, 3 or 4 units. 

N Rdc fd (1 
a 

I Ab but not greater than 1,5 /d Ab 
he 

(4.7) 
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(4.8) 

where: 

a l is the distance from the end of the wall to the nearest edge of the bearing area of the 
concentrated load (see figure 4.7); 

he is the height of the wall from the floor to the level of the load (see figure 4.7); 

Ab is the loaded area. 

Figure 4.7 Elevation of wall "with a concentrated load, in relation to at and he 

provided that: 

the bearing area under the concentrated load neither exceeds ~ of the cross sectional area of 
the wall nor exceeds the value 2t2, where t is the thickness of the wall; 

the eccentricity of the load from the centre plane of the wall is not greater than tl4; 

the adequacy of the wall at its middle height section is verified in accordance with 4.2, 
assuming the concentrated load spreads at an angle of 60°. 

4.4 Simplified calculation method for shear walls 

4.4.1 Verification of shear resistance of walls 

(l)P Under the ultimate limit state, it shall be verified that: 

(4.9) 

where: 

VEd is the design shear load on the wall, 

VRd is the design shear resistance of the walL 

NOTE A further simplified calculation method of designing shear walls for buildings not exceeding 3 storeys in height 
is given in Annex A3. 
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4.4.2 Design shear resistance 

(1) The design shear resistance VRd of a rectangular section may be determined as follows: 

] 

NEd 
tfvdo + 0,4 --

YM 

(4.10a) 

where: 

Cv is 3 for masonry with filled perpend joints or 

1,5 for masonry with unfilled perpend joints; 

I is the length of the wall in the bending direction; 

eEd is the eccentricity of the compressive load in the cross section being considered 

not taken 
I 

than 
6 

MEd is the design value of the lTIOnlent in the cross section being considered; 

NEd is the design value of the compressive load in the cross section being considered; 

t is the thickness of the wall; 

(4.lOb); 

f vdo is the design value of the initial shear strength equal to !vko, according to 3.4~ divided by YM; 

fvdu is the design value of the limit to the shear strength according to 3.6.2(3) and 3.6.2(4) of 
EN 1996-1-1:2005. 

NOTE The values of the limit to the shear strength can be found in EN 1996-1-1:2005. 

(2) Equation (4.10a) nlay be used when: 

the masonry is not shell bedded nlasonry; 

the nl0rtar is either: 

general purpose mortar in accordance with 3.2 of 1996-1 1 :2005 or; 

thin layer I1l0rtar in beds of thickness 0,5 mm to 3,0 mm in accordance with EN 998-2 or; 

lightweight mortar in accordance with EN 998-2; 

the mortar joints satisfy the requirement of 8.1.5 of EN 1996-1-1 :2005; 

NEd :s; 0,5 I tjd> 
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4.5 Simplified calculation method for basement walls subject to lateral earth 
pressure 

(l) The following simplified method may be used for designing basement walls subject to lateral 
earth pressure providing the following conditions are fulfilled: 

the clear height of the basement wall, h ~ 2,6 ill, and the wall thickness, t 200 n1111; 

the floor over the basement acts as a diaphragm and is capable of withstanding the forces 
resulting from the soil pressure; 

the characteristic inlposed load on the ground surface in the area of influence of the soil 
pressure on the basement wall does not 5 kN/m2 and no concentrated load within 1,5 m 
of the wall exceeds 15 kN, see figure 4.8; 

the ground surface does not rise away from the wall and the depth of fill does not exceed the 
wall height; 

there is no hydrostatic pressure acting on the wall; 

either no slip plane is created, for exanlple by a damp proof course or n1easures are taken to 
resist the shear force. 

NOTE For the verification of the shear action due to earth pressure a coefficient of friction ofO,6 has been used. 

(2) design of the wall l11ay be derived on the basis of the following expressions, as appropriate: 

NEd,max 
3 

(4.11) 

(4.12) 

where: 

is the design value of the vertical load on the wall giving the most severe effect at the 
mid-height of the fill; 

NEd, min is the design value of the the vertical load on the wall giving the least severe effect at 
the mid-height of the fill; 

b is the width of the wall; 

be is the distance apart of cross walls or other buttressing elenlents; 

h is the clear height of the basement wall; 

he is the height of the wall under ground level; 

t is the wall thickness; 
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pc is the weight per cubic tnetre of the soil; 

/d is the design compressive strength of the nlasonry; 

f3 is 20 when be ~ 2h 

is 60 - 20 be I h when h < be < 2h, 

is 40 when ::; h. 

h 

Key: 

~ 0,2 h L 
'I 

I 

(a) No point load ~ 15 kN within 1,5 metres of the wa11, measured in horizontal direction, 
(b) The characteristic inlposed load on the ground 5 kN/m2

• 

Figure 4.8 - Variables for basement walls shown in cross section and plan 

4.6 Simplified calculation method for the design of ,valls subjected to limited lateral 
load but no vertical loads 

(1) A sinlpJified calculation method for determining the mlnlmunl thickness and limiting 
dinlensions of internal walls, not subjected to vertical loads other than self-weight, but having 
variable conditions of lateral restraint, conditional on certain restrictions, is given in Annex B for 
walls with a limited lateral load. 

4.7 Simplified calculation method for the design of walls subjected to uniform lateral 
load but no vertical loads 

(I) Walls subjected to unifOl111 lateral loads may be designed by a sinlplified method. 

NOTE A simplified calculation method for determining the minimum thickness and limiting dimensions of walls 
having variable conditions of lateral restraint and not subject to veliicalloads other than self-weight is given in Annex 
C for walls subject to a uniform lateral design load. 
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Simplified calculation method for unreinforced masonry walls of buildings not 
greater than 3 storeys 

A.1 General conditions for application 

(1) For buildings the simplified calculation method given in this annex n1ay be used, provided the 
following conditions are fulfilled. 

the building does not exceed 3 storeys in height above the ground floor level; 

the walls are laterally restrained by the floors and roof in the horizontal direction at right 
angles to the plane of the wall, either by the floors and roof themselves or by suitable methods, 
for exan1ple ring beams with sufficient stiffness; 

the floors and roof have a bearing on the wall of at least 2/3 of the thickness of the wall but not 
less than 85 mm; 

the clear storey height does not exceed 3,0 In; 

the n1inimum plan diinension is at least 1/3 of the height; 

the characteristic values of the variable actions on the floors and the roof do not exceed 
5,0 kN/m2; 

the maximun1 clear span of any floor is 6,0 m; 

the maxitnuin clear span of the roof is 6,0 m, except in the case of light weight roof 
consttuction where the span does not exceed 12,0 In; 

the slenderness ratio, hef/lef, of internal and extelnal walls is not greater than 21; 

where: 

her is the effective height of the wall in accordance with 4.2.2.4; 

lef is the effective thickness determined in accordance with 4.2.2.3. 

A.2 Design vertical load resistance of the wall 

(1) The design vertical load resistance NRd is given by: 

( A.I) 

where: 
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0,50 if 18 

0,36 if hcfltcf > 18 and 21; 

.Id is the design cOlnpressive strength of the masonry; 

A is the loaded horizontal gross cross-sectional area of the wall, excluding any openings. 

A.3 Shear walls without verification of wind load resistance 

(1) Shear walls may be designed without verification of the wind load resistance, if the 
alTangement of shear walls is sufficient to stiffen the building against horizontal forces in two 
perpendicular directions. 

(2) The alTangement of shear walls may be presumed to be sufficient if: 

the characteristic wind load does not exceed 1,3 kN/m2
; 

there are two walls or more in both perpendicular directions; 

the shear walls are load bearing and the load resistance of the shear walls excluding wind 
loading is verified in accordance with 4.2 assuming a reduced compressive strength of nlasonry 
of 0,8/1<; 

the layout of the shear walls is approximately symtnetrical in plan in both directions (see 
Figure A.2) or at least in one direction if the ratio Ibxllby is not greater than 3; 

in the plan the centre lines of the shear walls do not meet in one point; 

the SUIn of the web areas of shear walls in each perpendicular direction, considering only webs 
with a length of Inore than 0,2 h and excluding flanges, satisfies the following relationship: 

tot 

( A.2) 

where: 

24 

lbx, lby are the plan dimensions of the building considered where lbx lby; 

are the shear wall lengths (see Figure A.l and Figure A.2); 

hlot is the height of the building; 

Ct is a constant depending on a, obtained from Table A.l, in m2/kN; 

Cj 1,0 for rectangular shear walls 

0,67 for I-profiled shear walls with flange areas greater than 0,4 t 1 (see Figure Al); 

a is the average of the ratio 
A 

of the shear walls being considered; 

is the design value of the vertical load in a shear wall; 



A is the cross-sectional area of a shear wall; 

.Id is the design conlpressive strength of the nlasonry; 

WEk is the characteristic wind load, in kN/m2
• 

Table A.l - Values of Ct [ m2/kN] 

a fi. [N/mm2
] 

2 4 6 

0,2 0,0192 0,0095 0,0064 

0,3 0,0128 0,0064 0,0042 

0,4 0,0095 0,0048 0,0032 

0,5 0,0075 0,0038 0,0025 

0,6 0,0095 0,0048 0,0032 

0,7 0,0128 0,0064 0,0042 

NOTE Linear interpolation is pennitted. 

f1-+ A ?: 0,4 t I 
/ I 

A ?: 0,4 t I 
/ 

k"---~--'J 
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?:8 

0,0048 

0,0032 

0,0024 

0,0019 

0,0024 

0,0032 

Figure A.l - Plan of shear walls and requirement for I-shapes 

Figure A.2 - Layout of shear walls 
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Annex B 
(Normative) 

Simplified calculation method for the design of internal walls not subject to 
vertical loads and with limited lateral load 

(1) Use of the rules given in this annex IS dependent on the following dimensional and 
constructional requirenlents being adhered to: 

the clear height ( h) of the wall does not exceed 6,0 m; 

the clear length (I) of the wall between stnlctural members that give lateral restraint does not 
exceed 12,0 m; 

the thickness of the wall, excluding any plaster, is not less than 50 mm; 

the tnasonry units used for the wall construction Inay be any of the types referred to In 

EN 1996-1-1 :2005 under Groups 1, 2, 3 and 4. 

NOTE Lateral restraints at the top, or sides, or top and sides, of a wall may need to cope with time dependent 
movements of the connecting structural parts (e.g. deflection due to creep of a concrete floor) and should be (1es.lgm~(1 
accordingly. 

(2) The rules given in this clause apply only in circumstances where: 

the wall is situated inside a building; 

the external facade of the building is not pierced by a large door, or similar openings; 

the 1ateral10ading on the wall is lilnited to loads from people and small furniture in rOOlns with 
small crowds of people (e.g. rooms and corridors in apartments, offices, hotels etc.); 

the wall is not subjected to any permanent or exceptional variable actions (including wind 
loading), other than that due to its self weight; 

the wall is not used as a support for heavy objects such as furniture, sanitary or heating 
equiplnent; 

the stability of the wall is not adversely affected by the deformation of other parts of the 
building (e.g. by deflection of floors) or by operations within the building; 

the effect of any door or other openings formed in the wall is taken into account (see (4) for 
nlethods of designing walls with openings); 

the effect of any chases in the wall is taken into account. 

(3) The minimull1 thickness and limiting dimensions of the wall may be determined from Figure 
B.t which provides for the following conditions of lateral restraint to the wall: 
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type a: \valls restrained along 4 edges; 

type b: walls restrained along all edges, except for 1 vertical edge; 

type c: wa1ls restrained along all edges, except at the top edge; 

type d: walls restrained along the top and bottonl edges only. 

BS EN 1996-3:2006 
EN 1996-3:2006 (E) 

(4) For walls with openings the minimum thickness and lillliting dimensions may also be 
detennined fronl Figure B.l provided that the type of wall is derived froIn the basis illustrated in 
Figure B.2. 

The effect of openings in the walltnay be ignored in the following circumstances: 

where the aggregated area of the openings is not greater than 2,5 % of the area of the \vall; 

and 

where the nlaximum area of any individual opening is not greater than 0,1 1112 and the length or 
width of an opening is not greater than 0,5 m. 

(5) Type a wall with an opening should be considered as a type b wall in which I is the greater of II 
and /Z, see Figure B.2. 

(6) For a type c wall with an opening this annex is not applicable. 

(7) For a type d \vall with openings this annex is applicable for the left, middle and the right part of 
the wall if h 2 2/3 I and h 22/3 h, see Figure B.3. 
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Figure B.t - Limitation of size thickness ratio of internal walls 
not subject to vertical load but with limited lateral load 
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(a) 

Key: 

(a) Centre line of opening 

Figure B.2 - Type a wall with an opening 

I 

I 
/i / 

/// 

I (a) i (a) 

Key: 

( a) Centre line of opening 

Figure B.3 - Type d wall with openings 
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Annex C 
(Infonnative) 

Simplified calculation method for the design of walls subjected to uniform 
lateral design load and no vertical loads 

(1) The rules given in this clause apply only in circunlstances where the dhnensions of the wall 
fulfil the requirelnents fr0111 Annex B. 

(2) The minin1um thickness, in relation to the length and the height, for walls type a, band c as 
described in Annex B,(3), may be deternlined fronl Figure C.I to figure C.9 where: 

30 

t is the thickness of the wall; 

I is the length of the wall; 

h is the height of the wall; 

/xdl is the design flexural strength of masonry, with the plane of failure pm'allel to the bed 
joints; 

/xd2 is the design flexural strength of masonry, with the plane of failure perpendicular to the 
bed joints; 

PEd is the design value of the lateral load on the wall according to EN 1991. 
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Figure C.l - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type a - /xdl / /xd2 1,0 
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a 

Figure C.2 - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type a - /xd 1 / /xd2 = 0,5 
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Figure C.3 - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type a - /xdl / .fxd2 0,25 
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Figure C.4 - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type b - /xdl1fxd2 1,0 
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Figure C.S - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type b - fxdl l/xd2 = 0,5 
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D 
Figure C.6 - Thickness and size limitation of non-bearing walls with lateral loading. 

Wall type b - jxdl / /xd2 = 0,25 
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Figure C.7 - Thickness and size linlitation of non-bearing walls with lateral loading. 
Wall type c -/xdl / /xd2 = 1,0 
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Figure C.8 - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type c fxdl / /xd2 = 0,5 
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Figure C.9 - Thickness and size limitation of non-bearing walls with lateral loading. 
Wall type c - /xdl / /xd2 = 0,25 
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Simplified method of determining the characteristic strength of masonry 

D.I Characteristic compressive strength 

(l) The characteristic compressive strength of nlasonry may be taken as fi,s, the characteristic 
compressive strength determined from a simplified method. 

NOTE Values ofjk,s in N/nun2 to be used in a country may be found in its National Almex. The following tabulated 
values are reconunended; they are derived from clause 3.6.1.2(ii) of EN 1996-1-1 :2005. 

Clay Units Group I 

General purpose mortar Light weight mortar 

fb [N/mm2] Thin joint 

M2,5 M5 lVIIO M20 M2,5 M5 MIO 

2 1,2 1,4 1,4 1,4 1,4 0,6 0,7 0,7 

4 1,9 2,4 2,7 2,7 2,4 1,0 1,3 1,5 

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

8 3,1 3,8 4,7 5,4 4,4 1,7 2, I 2,6 

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

12 4,1 5,1 6,2 7,7 6,2 2,2 2,8 3,4 

16 5,0 6,2 7,6 9,4 7,9 2,8 3,4 4,2 

20 5,9 7,3 8,9 11,0 9,6 3,2 4,0 4,9 

25 6,9 8,5 10,4 12,9 11,6 3,8 4,6 5,7 

30 7,8 9,6 11,9 14,6 13,5 4,3 5,3 6,5 

50 11,2 13,8 17,0 20,9 20,9 6,1 7,5 9,3 

75 14,9 18,3 22,5 27,7 20,9 8,1 10,0 12,3 
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Clay Units Group 2 

ft, [N/mm2] 
M2,5 

2 1,0 

4 1,6 

6 2,1 

8 2,5 

10 3,0 

12 3,4 

16 4,1 

20 4,8 

25 5,6 

30 6,4 

50 9,2 

75 12,2 

Clay Units Group 3 and 4 

General purpose m0l1ar 

M5 M10 M20 

1,1 1,1 1,1 

1,9 2,2 2,2 

2,6 3,1 3,3 

3,1 3,8 4,4 

3,7 5,5 

4,2 5,1 6,3 

5,1 6,3 7,7 

5,9 7,3 9,0 

6,9 8,5 10,5 

7,9 9,7 12,0 

11,3 13,9 17,1 

15,0 18,4 22,7 

General purpose mortar 

.fb 
M2,5 M5 MIO M20 

2 0,7 0,9 0,9 0,9 

4 1,2 1,5 1,7 1,7 

6 1,6 2,0 2,4 2,6 

8 2,0 2,4 3,0 3,4 

10 2,3 2,8 3,5 ~4,3 

12 2,6 3,2 4,0 4,9 

]6 3,2 4,0 4,9 6,0 

20 3,8 4,6 5,7 7,0 

25 4,4 5,4 6,6 8,2 

30 5,0 6,1 7,6 9,3 

50 7,1 8,8 10,8 13,3 

75 9,5 11,6 14,3 17,7@il 
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Light mortar 
Thinjoint 

M2,5 M5 

1,1 0,5 0,6 0,6 

1,8 0,9 1,1 1,2 

2,5 ],2 1,4 1,7 

3,0 1,4 1,7 2,1 

3,5 1,6 2,0 2,5 

4,0 1,9 2,3 2,8 

4,9 2,3 2,8 3,5 

5,7 2,7 3,3 4,1 

6,7 3,1 3,9 4,7 

7,6 3,6 4,4 5,4 

10,8 5,1 6,3 7,7 

10,8 6,8 8,3 ]0,2 

Thin joint mortar 

Group 3 Group 4 M2,5 M5 MIO 

0,8 0,6 0,4 0,5 0,5 

1,3 1,1 0,7 0,9 1,0 

1,8 1,6 0,9 1,1 

2,1 2,0 1,1 1,4 1,7 

2,5 2,5 1,3 1,6 2,0 

2,8 2,9 1,5 1,8 2,3 

3,5 3,7 1,8 2,3 2,8 

4,1 4,5 2,1 2,6 3,2 

4,8 5,4 2,5 3,1 3,8 

5,4 6,3 2,8 3,5 4,3 

7,7 9,7 4,1 5,0 6,2 

7,7 9,7 5A 6,7 8,2 



Calcium silicate, aggregate concrete and autoclaved aerated concrete units Group I 

I General purpose mortar 
fb [N/mm2] Thin joint 

M2,5 M5 MIO M20 

2 1,2 1,4 1,4 1,4 1,4 

4 1,9 2,4 2,7 2,7 2,6 

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

8 3,1 3,8 4,7 5,4 4,7 

10 3,6 4,5 5,5 6,8 5,7 

12 4,1 5,1 6.2 7,7 6,6 

16 5,0 6,2 7,6 8,4 

20 5,9 7,3 8,9 11,0 10,2 

25 6,9 8,5 10,4 12,9 12,3 

30 7,8 9,6 11,9 14,6 14,4 

50 
i 

11,2 13,8 17,0 20,9 22,2 

Calcium silicate and aggregate concrete units Group 2 

General purpose mortar 
fb [N/mm2] Thin joint 

M2,5 M5 MlO M20 

General purpose mortar 
fb [N/mm2] Thinjoint 

M2,5 M5 MI0 M20 

2 1,0 1,1 1,1 1,1 1,2 

4 1,6 1,9 2,2 2,2 2,1 

6 2,1 2,6 3,1 3,3 3,0 

8 2,5 3,1 3,8 4,4 3,8 

10 3,0 3,7 4,5 5,5 4,6 

12 3,4 4,2 5,1 6,3 5,4 

16 4,1 5,1 6,3 7,7 6,9 

20 4,8 5,9 7,3 9,0 8,3 

25 5,6 6,9 8,5 10,5 10,0 

30 6,4 7,9 9,7 12,0 11,7 

50 9,2 11,3 13,9 17,1 18,1 

BS EN 1996 .. 3 :2006 
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Light mortar 

(not for calcium silicate units) 

M2,5 M5 MIO 

1,0 1,1 1,1 

1,6 1,9 2,2 

2,1 2,6 3,1 

2,5 3,1 3,8 

3,0 3,7 4,5 

3,4 4,2 5,1 

4,1 5,1 6,3 

4,8 5,9 7,3 

5,6 6,9 8,5 

6,4 7,9 9,7 

9,2 11,3 13,9 

Light mortar 
(not for calcium silicate units) 

M2,5 M5 MI0 

Light weight mortar 
(not for calcium silicate units) 

M2,5 M5 MIO 

1,0 1,1 1,1 

1,6 1,9 2,2 

2,1 2,6 3,1 

2,5 3, I 3,8 

3,0 3,7 4,5 

3,4 4,2 5,1 

4,1 5,1 6,3 

4,8 5,9 7,3 

5,6 6,9 8,5 

6,4 7,9 9,7 

9,2 11,3 13,8 
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Aggregate concrete units Group 3 

It, [N/mm2] 

2 

4 

6 

8 

10 

12 

16 

20 

25 

30 

50 

M25 

0,9 

],4 

1,8 

2,3 

2,6 

3,0 

3,7 

4,3 

5,0 

5,7 

8.1 

General purpose mortar 

M5 MIO M20 
Thin joint 

1,0 ],0 1,0 0,9 

1,7 2,0 2,0 1,6 

2,3 2,8 3,0 2,3 

2,8 3,4 3,9 2,9 

3,2 4,0 I§) 4,9 3,5 

3,7 4,5 5,6 4,1 

4,5 5,6 6,8 5,3 

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

6,2 7,6 9,4 7,7 

7,0 8,6 10,6 9,0 

10,0 ]2,3 15,2§l 13,9 

EN 998-2 no limit for the thickness of joints made of thin layer mortar; the values in the above tables are based 
on the limit on the thickness of bed joints of 0,5 m to 3 mm is to ensure that the thin layer mortar has the enhanced 
properties required to achieve the given values. 

The thickness of the masonry is equal to the width or length of the unit, so that there is no mortar joint parallel to the 
face of the wall through all or any part of the length of the wall. 

The coefficient of variation of the strength of the masonry units is not more than 25 %. 

Where action effects are parallel to the direction of the bed joints, the characteristic compressive strength may also be 
determined from the tables, using the nonnalised compressive strength of the masonry unit,.fh, obtained from tests where the 
direction of application of the load to the test specimen is the same as the direction of the action effect in the masonry, but 
with the factor, (i, as given in EN 772-1:2000, Annex A, not taken to be greater than 1,0. For Group 2 and 3 units, the value 
of A obtained from the tables should be multiplied by 0,5. 

For masonry made of general purpose mortar where Group 2 and Group 3 aggregate concrete units are used with the 
vertical cavities filled completely with concrete, the value Of.fl; should be obtained by considering the units to be Group 
1 with a compressive strength corresponding to the compressive strength of the units or of the concrete infill, 
whichever is the lesser. 

When the perpend joints are unfilled, the tables may be used, with due consideration being given to any horizontal 
actions that might be applied to, or be transmitted by, the masonry. 

For masonry made with general purpose mortar where there is a mortar joint parallel to the face of the wall through all, 
or any part, of the length of the wall, the values of fk can be obtained by multiplying the values given in the tables by 
0,8. 

END of NOTE 
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D.2 Characteristic flexural strengths 

(1) The characteristic flexural strengths of masonry may be taken as f~k, I ,s and /xk,2,s, the 
characteristic flexural strengths detennined from a silnplitled method. 

NOTE Values Ofhkl,s andf~k2,s to be used in a country may be found in its National Annex. The foJJowing values are 
recommended; they are derived from clause 3.6.3(2) of EN 1996-1-1:2005. 

Masonry unit hkl,s [N/mnn12] 

General purpose mortar Thin layer mortar Light weight m0l1ar 

<M5 M5 

Clay 0,10 0,10 0,15 0,10 

Calcium silicate 0,05 0,10 0,20 not used 

Aggregate concrete 0,05 0,10 0,20 not used 

Autoclaved aerated 
0,05 0,10 0,15 0,10 

concrete 

Masonry unit hk2,s [N/mnm2] 

General purpose mortar Thin layer mortar Light weight mortar 

i 

<M5 M5 

Clay 0,20 I 0,40 0,15 0,10 

i 

Calcium silicate 0,20 0,40 0,30 not used 
! 

Aggregate concrete 0,20 0,40 0,30 not used 

A.utoclaved 
p<400 

0,20 0,20 0,20 0,15 

aerated 
kg/m3 

concrete p 400 
0,20 0,40 0,30 0,15 

I 

kg/m3 

(1) Provided that thin layer mortar and light weight mortars are M5, or stronger; 

(2) For masonry made with autoclaved aerated concrete units laid in thin layer mortar,.t~·kl andfk2 values may 
be taken from the tables in this note or from the following equations: 

0,035 fb , with filled and unfilled perpend joints; 

= 0,035fb , with filled perpend joints or 0,025 Jb , with unfilled perpend joints. 

END of NOTE 

D.3 Characteristic initial shear strength 

(1) The characteristic initial shear strength of n1asonry may be taken as /vko,s, the characteristic 
initial shear strength detennined with a simplified method. 
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NOTE Values off~ko,s to be used in a countly may be found in its National Annex. The following values are 
recommended, provided that general purpose mortars made in accordance with EN 1996-2 do not contain admixtures 
or additives; they are derived from Table 3.4 of EN 1996-1-1:2005 . 

Masonry unit . ivko,s [N/mnm2] 

General purpose mortar of Strength Class Thin layer mortar Light weight mortar 
given 

Clay MI M2 0,10 

M2,5 M9 0,20 0,30 0,15 

MIO-M20 0,30 

Calcium silicate M1 M2 0)0 

M2,5 M9 0,15 0,40 0,15 

MlO-M20 0,20 

Aggregate concrete M1-M2 0,10 

Autoclaved aerated M2,5 -M9 0,15 0,30 0,15 

concrete MIO-M20 0,20 

END of NOTE 
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