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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be withdrawn at the latest by March 2010.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). 
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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 
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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 
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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; 

13 
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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 
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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 
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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; 
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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; 
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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; 
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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 

BS EN 1996-1-1 :2005 
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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. 
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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. 

35 

www.amiralikhalvati.com



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

(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 

:/ 
.~_r--____ ;;;""./'1 

I 
I 
I 

Eml 

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 • 

47 

www.amiralikhalvati.com



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

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 

49 

www.amiralikhalvati.com



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

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. 

56 

www.amiralikhalvati.com



5.5.1.4 Slenderness ratio of masonry walls 

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

(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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Figure 5.5 - Analysis of a deep masonry beam 

5.5.2.4 Redistribution of internal forces 

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

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: 

64 

(/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. 
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(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 

i 
i 
i 
i 

! 
i 
i 
i 

1 

" 

i 
i 
i 
i 
I 

! 

~Id 

hi 

hl2 

.. 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 

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

/ 
I 

\ 

(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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(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. 
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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) 

74 

www.amiralikhalvati.com



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

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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z d 

1) -\ 

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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~ VRd2 0,9 d iyd (1 + cot a )sin a 
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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. 

89 

www.amiralikhalvati.com



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

(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 
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c) hook 
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b) bend 

( \! 

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. 

95 

www.amiralikhalvati.com



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

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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9.2 Design of structural members 
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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. 

104 

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 

111 

sYlnbols have the meaning attributed to them in (2), above. 

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

Determination of P3 and P4 
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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 

112 

1) 

2) 

3) 
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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 
EN 1996-1-1 :2005 (E) 

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 
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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 
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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 
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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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Annex F 
(informative) 

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

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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Annex G 
(infonnative) 

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

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 

~ 
~ e 

Figure G.2 
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Annex H 
(informative) 

Enhancement factor as given in 6.1.3 

0 0.1 0,2 0,3 0.4 0.45 0.5 

Ab 

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

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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AnnexJ 
(informative) 

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

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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