Manual for the design of plain
masonry in building structures
to Eurocode 6

(Second edition)

Production sponsored by:

Thelnstitution III

it

CONCRETE
BLOCK
ASSOCIATION




Manual for the design of
plain masonry in building
structures to Eurocode 6

(Second edition)

Thelnstitution
ofStructural
Engineers






Task Group (second edition: 2018-)
J J Roberts BSc(Eng) PhD CEng FIStructE FICE FIMS FCMI FICT Hon DSc
(Technical Innovation Consulting Ltd) Chairman
A R Arasteh BSc PhD (Aster Associates)
D H Camilleri BSc(Eng) CEng FiStructE FICE ACIArb (Dhi Periti)
C Fudge BSc(Hons) CEng FiStructE MICE FIMS Hon DSc (H + H International A/S)
P Valentine BEng(Hons) CEng MIStructE (British Board of Agrément)

Reviewers (from The Institution of Structural Engineers Technical Publications Panel)
O Brooker BEng CEng MICE MIStructE MCS (Modulus)
G Evans BSc(Hons) PhD CEng FICE FIStructe MBCS (Constructex)

Publishing
L Baldwin BA(Hons) DipPub (The Institution of Structural Engineers)

Acknowledgements

Production of this second edition has been generously supported by

the Aircrete Products Association, the Brick Development Association and
the Concrete Block Association.

Permission to reproduce extracts from British Standards is granted by BSI.
British Standards can be obtained in PDF or hard copy formats from the
BSI online shop: www.bsigroup.com/Shop or by contacting BSI Customer
Services for hard copies only. Tel: + 44(0)20 8996 9001, Email:
cservices@bsigroup.com

Published by The Institution of Structural Engineers

International HQ, 47-58 Bastwick Street, London EC1V 3PS, United Kingdom
T: +44(0)20 7235 4535

E: mail@istructe.org

W: www.istructe.org

First published (version 1.0) November 2018
ISBN 978-1-906335-35-9

© 2018 The Institution of Structural Engineers

The Institution of Structural Engineers and the members who served on the Task Group which produced this
Manual have endeavoured to ensure the accuracy of its contents. However, the guidance and recommendations
given should always be reviewed by those using the Manual in light of the facts of their particular case and any
specialist advice. No liability for negligence or otherwise in relation to this Manual and its contents is accepted by
the Institution, the members of the Task Group, its servants or agents. Any person using this Manual should pay
particular attention to the provisions of this Condition.

No part of this publication may be reproduced, stored in a retrieval system or transmitted in any form or by any
means without prior permission of The Institution of Structural Engineers, who may be contacted at
47-58 Bastwick Street, London EC1V 3PS, United Kingdom.


mailto:mail@istructe.org

Task Group (first edition: 2008—-2018)

J F A Moore MA(Cantab) BSc(Eng) DIC PhD CEng MIStructE FIMS Chairman
E Al Kelaby BSc(Hons) MPhil CEng FIStructE

A R Arasteh* BSc PhD

N Beningfield MPhil PhD CChem MRSC FGS FICT FIMS

C Fudge** BSc(Hons) CEng FIStructe MICE FIMS

J C Haynes BSc(Eng) CEng FIStructE MICE MCIOB MRICS

J Peck BSc(Hons) CEng MIStructE

G Pettit*** BSc CEng MIET MIMechE

J J Roberts BSc(Eng) PhD CEng FIStructk FICE FIMS FCMI MICT

N Seward BSc (Hons) CEng FiStructE MICE

P Valentine BEng(Hons) CEng MIStructE

P Watt BSc(Eng)

* representing the Brick Development Association
representing the Aircrete Products Association
representing the Concrete Block Association

ke

Hkk

Corresponding member
D Easterbrook BSc CEng MIStructt MICE

Consultant
J N Tutt MPhil CEng FIStructE

Secretary to the Task Group
B Chan BSc(Hons) AMIMechE



Contents

Tables viii

Notation x

Foreword  Xiii

1 Introduction 1
1.1 Ams 1

1.2 Eurocode system 1
1.3 Scope 2

1.4 Contents 3

1.5 National Annex 3
16 Use 5

2 Choice of structural form (conceptual design) 7
21 General 7

2.2 Stability 7

2.3 Cellular plan form 9
2.4 Crosswall construction 9
2.5 Spine wall construction 9
2.6 Geometric sections 10
2.7 Structural robustness 11
2.8 Movement joints 12

2.8.1 Primary 12

2.8.2  Secondary elemental 12
2.9 Interaction with other parts of the structure 15
2.10 Infill masonry to framed structures 15
2.11 QOpenings 16

3 Choice of materials 19

3.1 Design coordination 19

3.2 Classification of environmental conditions 19

3.3 Masonry units 20

3.4 Mortars and mortar joints 24
3.4.1  Masonry mortars 24
3.4.2  Mortar joints 26

3.5  Selection of materials 39

3.6 Durability 39
3.6.1  General 39
3.6.2  Frost resistance 39
3.6.3  Soluble salt content 40
3.6.4 Efflorescence 40
3.6.5 Lime bloom 40

The Institution of Structural Engineers Manual for the design of plain masonry in building structures to Eurocode 6~V



3.7
3.8

41
4.2

4.3

4.4

45
4.6

5.1
5.2
53

5.4

55

Vi

Ancillary components 41
Damp-proof courses 41

Design principles — plain masonry 44
Loading 44

Limit states 45

421 Ultimate limit state 45

4.2.2  Serviceability limit states 46
Characteristic strengths 47

43.1 General 47

4.3.2  Characteristic compressive strength 47
4.3.3  Characteristic shear strength 49
4.3.4  Characteristic flexural strength 51
Deformation properties 51

Design strength 55

Accidental damage 57

Design of unreinforced masonry structures 58
Combination of actions 58

Design procedure 59

Walls and piers subject to vertical loading 59
53.1 General 59

5.3.2  Effective height of walls 60

5.3.3 Effective length 64

5.3.4  Effective thickness 64

5.3.5 Slenderness ratio 69

5.3.6  Eccentricity at right angles to wall 70
5.3.7 Vertical load resistance 74

5.3.8  Vertical load resistance of solid walls and columns
5.3.9 Vertical load resistance of cavity walls and columns

5.3.10 Eccentricity in plane of wall and shear wall
5.3.11 Horizontal shear resistance 77

5.3.12 Vertical shear resistance 77

5.3.13 Concentrated loads 78

Walls subject to lateral loading 80

541 General 80

5.4.2  Limits on wall panel sizes 80

5.4.3  Direction of span and support conditions
5.4.4  Two-way spanning walls 84

5.4.5 Openings 85

5.4.6  One-way spanning walls 86

5.4.7 Cavity walls 93

5.4.8 Geometric walls 93

5.4.9 Arching 95

5.4.10 Bed joint reinforcement 96
Serviceability limit state 97

75

76

The Institution of Structural Engineers Manual for the design of plain masonry in building structures to Eurocode 6



6 Details and construction 99
6.1 Sequence of building and how it affects design 99
6.2 Masonry details 99
6.2.1  Minimum dimensions 99
6.2.2 Bonding of masonry 99
6.2.3  Mortar joints 100
6.3 Connection of walls 101
6.4  Chases and recesses 101
6.5  Damp-proof courses 103
6.6 Overhangs, corbels and cornices 106
6.7  Thermal and long-term movement 106
6.8 Tolerances 106
6.9 Inspections and acceptance 107
6.10 Partition walls 109

7 General principles of BS EN 1996-1-2: Structural fire design 111
71  General 111

7.2 Scope 112

7.3 National Annex to BS EN 1996-1-2 112

7.4  Principles 113

7.5 Materials 113

7.6 Design procedures 114

7.7 Detalling 115

7.8  Tabulated fire resistance of masonry walls 116

References 127
Appendix A: Guidance on design for accidental damage 131

A1 General 131
A.2  Recommended strategies 131

The Institution of Structural Engineers Manual for the design of plain masonry in building structures to Eurocode 6 Vi



Tables

Table 2.1 Recommended maximum horizontal distance, /,, in m, between vertical
movement joints for external unreinforced, non-loadbearing walls 14

Table 3.1 Classification of micro conditions of exposure of completed masonry 21

Table 3.2  Geometrical requirements for grouping of masonry units 22

Table 3.3  Acceptable assumed equivalent mixes for prescribed masonry mortars 25

Table 3.4  Durability of masonry in finished construction 28

Table 3.5  Selection of ancillary components in relation to material/coating specification
and situation 36

Table 3.6 Physical properties and performance of materials for DPCs 42

Table 4.1 Partial factors for actions -y at ultimate limit state 45

Table 4.2  Factors for buildings 46

Table 4.3 Serviceability load cases 47

Table 4.4 Values of K to be used with equation 3.1 of BS EN 1996-1-1 48

Table 4.5  Values of « and B to be used for, and limitations on the use of, equation
for f, 50

Table 4.6 Values of characteristic initial shear strength of masonry f,q 51

Table 4.7  Characteristic flexural strength of masonry, £y and fyo, in N/mm? 52

Table 4.8 Values for final creep coefficient, long-term moisture expansion or shrinkage,
and coefficients of thermal expansion for masonry 55

Table 4.9  Values of -yy for ultimate limit states 56

Table 5.1 Combinations of actions with values of yg yq Ug 58

Table 5.2  Stiffness coefficient Py, for walls stiffened by piers 69

Table 5.3  Bending moment coefficients a, in single leaf laterally loaded wall panels of
thickness <250mm 87

Table 6.1  Sizes of vertical chases and recesses in masonry, allowed without
calculation 102

Table 6.2 Sizes of horizontal and inclined chases in masonry, allowed without
calculation 103

Table 6.3  Permissible deviations in masonry (other than stone masonry) 108

Table 6.4  Permissible deviations in stone masonry 109

Table 7.1 Clay masonry: minimum thickness of separating non-loadbearing walls
(criteria El) for fire resistance classifications 117

Table 7.2 Clay masonry: minimum thickness of separating loadbearing single-leaf walls
(criteria REI) for fire resistance classifications 118

Table 7.3 Clay masonry: minimum thickness of each leaf of separating loadbearing cavity
walls with one leaf loaded (criteria REI) for fire resistance classifications 119

Table 7.4 Calcium silicate masonry: minimum thickness of separating non-loadbearing
walls (criteria El) for fire resistance classifications 119

Table 7.5  Calcium silicate masonry: minimum thickness of separating loadbearing
single-leaf walls (criteria REI) for fire resistance classifications 120

Vil The Institution of Structural Engineers Manual for the design of plain masonry in building structures to Eurocode 6



Table 7.6

Table 7.7

Table 7.8

Table 7.9

Calcium silicate masonry: minimum thickness of each leaf of separating

loadbearing cavity walls with one leaf loaded (criteria REI) for fire resistance

classifications 120

Dense and lightweight aggregate concrete masonry: minimum thickness of
separating non-loadbearing separating walls (criteria El) for fire resistance
classifications 121

Dense and lightweight aggregate concrete masonry: minimum thickness of
separating loadbearing single-leaf walls (criteria REI) for fire resistance
classifications 122

Dense and lightweight aggregate concrete masonry: minimum thickness of
each leaf of separating loadbearing cavity walls with one leaf loaded
(criteria REI) for fire resistance classifications 123

Table 7.10 Autoclaved aerated concrete masonry: minimum thickness of separating

Table 7.1

non-loadbearing walls (criteria El) for fire resistance classifications 124

1 Autoclaved aerated concrete masonry: minimum thickness of separating
loadbearing single-leaf walls (criteria REI) for fire resistance
classifications 124

Table 7.12 Autoclaved aerated concrete masonry: minimum thickness of each leaf of

separating loadbearing cavity walls with one leaf loaded (criteria REI) for fire

resistance classifications 125

Table 7.13 Manufactured stone masonry: minimum thickness of separating

non-loadbearing separating walls (criteria El) for fire resistance
classifications 126

Table 7.14 Manufactured stone masonry: minimum thickness of separating loadbearing

Table A1
Table A.2
Table A.3

single-leaf walls (criteria REIl) for fire resistance classifications 126
Categorisation of Consequence Classes 132

Requirements for full peripheral, internal and column or wall ties 134
Requirements for full vertical ties 136

The Institution of Structural Engineers Manual for the design of plain masonry in building structures to Eurocode 6

iX



Notation

Latin upper case letters

A
Ay
Aef
E
E

Elongterm

Loaded horizontal gross cross-sectional area of wall

Loaded area

Effective area of bearing

Short-term secant modulus of elasticity of masonry

Modulus of elasticity of member, 7

Long-term modulus of elasticity of masonry

Design compressive or tensile resistance of wall tie

Design horizontal tie force

Characteristic value of permanent action

Lower characteristic value of permanent action

Upper characteristic value of permanent action

Second moment of area

Second moment of area of member, /

Constant used in calculation of compressive strength of masonry
The lesser of the distance between loadbearing members in direction of tie,
or five times clear height of wall

Design value of moment applied

Design value of moment above floor

Design value of moment below floor

End moment at node, 7

Design value of bending moment at top or bottom of wall
Design value of greatest moment at mid-height of wall
Design value of moment of resistance

Design value of moment of resistance at base of wall due to gravity action
Sum of design vertical actions on building

Maximum design arch thrust per unit length of wall

Design value of vertical load

Design value of concentrated vertical load

Design value of load applied by floor

Design value of load above floor

Design value of vertical load at top or bottom of wall or column
Design value of vertical load at mid-height of wall or column
Design value of vertical resistance of masonry wall or column
Design value of vertical concentrated load resistance of wall
Number of storeys including ground and basement
Characteristic value of single variable action

Characteristic value of leading variable action, 1
Characteristic value of the accompanying variable action, /
Design value of shear load

Design value of shear resistance

Width of compressive stress block under design dead load
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Weq
z

Design lateral load per unit area
Elastic section modulus of unit height or length of wall

Latin lower case letters

a, a4
bei
h
bhe
Ehm
&
Cinit
6«
€m

Bk
o

Distance from end of wall to nearest edge of loaded area

Width of stressed area

Deflection of arch under design lateral load

Eccentricity at top or bottom of wall, resulting from horizontal loads
Eccentricity at middle of wall, resulting from horizontal loads

Eccentricity at top or bottom of wall

Initial eccentricity

Eccentricity due to creep

Eccentricity due to loads

Eccentricity at middle of wall

Normalised mean compressive strength of masonry unit

Design compressive strength of masonry in direction being considered
Characteristic compressive strength of masonry

Compressive strength of masonry mortar

Design shear strength of masonry

Characteristic shear strength of masonry

Characteristic initial shear strength of masonry, under zero compressive stress
Characteristic flexural strength of masonry having plane of failure parallel to bed
joints

Characteristic flexural strength of masonry having plane of failure perpendicular
to bed joints

Clear height of masonry wall

Clear height of masonry wall between restraining surfaces

Height of wall to level of load

Effective height of wall

Clear height of masonry wall, /

Total height of structure (from top of foundation, wall or core)

Factor used to obtain effective thickness of cavity wall

Length of wall (between other walls, between wall and opening, or between
openings)

Length or height of wall between supports capable of resisting an arch thrust
Length of compressed part of wall

Length of chase

Effective length of bearing at mid-height of wall

Clear span of member, i

Length of masonry wall between movement joints

Number of storeys

Stiffness factor of members, /

Number of wall ties or connectors per m? of wall

Design lateral strength per unit area of wall

Arch rise

Thickness of wall

Maximum depth of horizontal or inclined chase

Maximum depth of vertical chase or recess without calculation

Effective thickness of wall
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1] Thickness of wall, i

tin Minimum thickness of wall

t Thickness of wall behind chase or recess

u Value used to obtain reduction factor in mid-height of wall
We Width of chase

W Uniformly distributed design load, 7

X Maximum dimension of opening

z Lever arm

Greek letters

a Power used for obtaining characteristic compressive strength of masonry

oy Coefficient of thermal expansion of masonry

oo Bending moment coefficient

B Enhancement factor for concentrated loads (Section 5.3.13 only)

B Power used for obtaining characteristic compressive strength of masonry
(Section 4.3.2 only)

Y6 Partial factor for permanent actions, also accounting for model uncertainties and

dimensional variations
Ya.inf Partial factor for permanent actions in calculating lower design value
Ya,sup Partial factor for permanent actions in calculating upper design value

Ym Partial factor for material property, also accounting for model uncertainties and
dimensional variations

Ya Partial factor for variable actions, also accounting for model uncertainty and
dimensional variations

€coo Final creep strain

o Elastic strain of masonry

M Factor for use in calculating out-of-plane eccentricity of loading on walls

N Value used to obtain reduction factor within height of wall

e Value of slenderness ratio up to which eccentricities due to creep can be
neglected

W Orthogonal ratio of flexural strengths of masonry

Pn Reduction factor

Pt Stiffness coefficient

oy Design compressive stress (under permanent actions only for laterally loaded
walls)

v Angle of inclination to vertical of structure

by Final creep coefficient of masonry

o Reduction factor

(o) Reduction factor at top or bottom of wall

(O3 Reduction factor within mid-height of wall

g Factor for combination value of variable action

U Factor for frequent value of variable action

Yo Factor for quasi-permanent value of variable action
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Foreword

The Eurocode for the design of plain masonry structures (Eurocode 6)
comprising BS EN 1996-1-1, BS EN 1996-1-2 and BS EN 1996-2 are
available from the British Standards Institution (BSI). The UK National
Annexes setting out the Nationally Determined Parameters (NDPs) to be
used in the UK are also available from the BSI. They provide the necessary
information to enable BS EN 1996 designs to comply with the Building
Regulations. BS EN 1996-3 is not included in this Manual as the simplified
calculation methods it contains are considered to be of limited use in the UK,
although relevant parts of the scope are covered.

These documents, together with BS EN 1990 Eurocode — Basis of Structural
Design and BS EN 1991 Eurocode 1 — Actions on Structures, and their
respective National Annexes, provide a suite of information for the design of
most types of unreinforced masonry building structures in the UK.

This Manual provides guidance on the design of loadbearing masonry and
masonry infill to structural frames. The limit state design approach follows on
from that used for many years in BS 5628. The Manual covers structural fire
design of masonry and selection of materials and execution of masonry.
Established good practice not covered in the Eurocode is included, and
suitably identified. Expressions incorporating UK National Annex values are
distinguished from the corresponding general expressions in Eurocode 6,
and the values of NDPs adopted by the UK are shown in bold.

The Task Group, and indeed the Institution are grateful for the continued
support of the Aircrete Products Association, the Brick Development
Association and the Concrete Block Association in the production of this
second edition.

Special thanks are due to all members of the Task Group and to their
organisations, who have given their time voluntarily.

I join with the other members of the Task Group in commending this second
edition to the industry.

Prof. John Roberts
Chairman
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This second edition (2018) updates the first (2008) to cover the design of
structures to BS EN 1996-1-1:2005+A1:2012, BS EN 1996-1-2:2005 and
BS EN 1996-2:2006 for construction in the UK. Nationally Determined
Parameters from the UK National Annex — which have been significantly
updated since the first edition — have informed the design formulae
presented here. This edition also reflects the latest requirements of many
other codes and standards.

This Manual focuses on structures that do not rely on bending in masonry for
their overall stability (e.g. sway frame buildings), although the design of
individual masonry elements subject to lateral loading and involving bending
for their resistance, is included.

Specifically, the Manual covers:

Choice of structural form (and conceptual design)

Choice of materials

General principles of limit state design for masonry walls and columns
Design of loadbearing masonry

Design of laterally loaded masonry (and masonry infill panels to framed
structures)

Details and construction

e Design for fire

e Design for accidental damage

Notably, the structural design of reinforced and prestressed masonry, as well
as retaining walls and arched structures, are not covered here — although an
exception is the use of bed joint reinforcement; for both laterally loaded walls
and for crack control.

This Manual is also part of a 7-title suite of Eurocode manuals.

The Institution of Structural Engineers
International HQ

47-58 Bastwick Street

London EC1V 3PS

UK

T:  +44 (0)20 7235 4535 YT
E: mail@istructe.org
W: www.istructe.org

Registered with the Charity Commission for England
and Wales No. 233392 and in Scotland No. SC038263
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