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Foreword

The increasing use of masonry as a main structural medium for buildings
alerted the Institution of Structural Engineers, some years ago, to the need for
guidance on the design of plain (i.e. unreinforced) masonry structures.

The work was begun by a Task Group under the Chairmanship of Keith
White, FEng, and culminated in a seminar held in October 1992 to discuss a
draft document. This led to the formation of an Editorial Panel which prepared
the Manual now being published.

The Manual provides design guidance which complies with BS 5628 and
can be applied normally to buildings up to four storeys high. It provides the
basis for structural calculations for loadbearing masonry or for the masonry
infill of a structural frame.

The work of the original Task Group is gratefully acknowledged. The
members of the Editorial Panel carried out extensive redrafting of the Manual
in response to comments made at the 1992 seminar and thereafter. I would like
particularly to express gratitude for their contributions and also to thank all
those whose knowledge and expressed views helped to shape this publication.

(LSM

PROFESSOR A R CUSENS, OBE
Chairman, Editorial Panel
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1 Introduction

1.1 Aims of the Manual

This Manual provides guidance on the design of plain masonry in building structures.
Masonry desi‘gned in accordance with this Manual will normally comply with BS 5628:
Parts 1 and 3'. Plain masonry is an assemblage of structural units, either laid in situ or
constructed in prefabricated panels, in which the structural units are bonded and solidly
put together with mortar or grout, but without reinforcement.’

1.2 Scope of the Manual

The range of structures covered by the Manual is limited to building structures that do
not rely on bending in masonry columns for their lateral stability. However, the design
of individual masonry elements subject to lateral loading and involving bending for
their resistance is included. Reinforced and prestressed masonry, retaining walls,
freestanding walls and arched structures are specifically excluded from the Manual, as
are structures involving disproportionate collapse (i.e. more than 4 storeys) and those
for public buildings with clear spans of 9m or more.

While the Manual has been drafted for the design of new structures, the principles
may be applicable to alterations to existing structures. However, care should be taken
when assessing the characteristic strength of existing masonry.

For structures or elements outside this scope BS 5628' should be used.

1.3 Use of the Manual

The Manualis intended to be used by structural engineers in the preparation of structural
design calculations. The first decision to be made is whether to adopt a loadbearing
masonry design or to provide a structural frame with masonry infill. Depending on the
decision made, one of the routes shown in Fig 1.1 (overleaf) should be followed.

1.4 Contents of the Manual

The Manual covers the following design stages:

* choice of structural form

* choice of materials

* general principles of limit-state design for masonry walls and columns
* design of loadbearing masonry

* details and construction.

Previous page
is blank
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]

Non-loadbearing
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loads from winds
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Fig 1.1 Alternative routes for masonry design
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2 Choice of structural form

2.1 General

One engineer should be responsible for the overall design, including stability, and
consider the compatibility of the design and detailing of parts and components, even
where some or all of the design and details of those parts and components are not made
by the same engineer.

The structure should be so arranged that it can transmit dead, imposed and wind loads
in a direct manner to the foundations. The general arrangement should lead to a robust
and stable structure that will not collapse progressively disproportionate to the cause,
under the effects of misuse or accidental damage to any one element.

The arrangement and orientation of masonry walling is very significant for the
stability and robustness of the overall structure. The layout can also have a significant
influence on the behaviour of individual elements, particularly with respect to
accidental damage.

Building forms that consist predominantly of isolated loadbearing masonry walls,
piers and columns require careful consideration, since they have minimal alternative
load paths. Buildings of this form are not often used, and this Manual does not offer
guidance on their design.

A good design will take account of the standard sizes of masonry units and courses
so as to minimise the cutting of units and making up of levels.

The subsections that follow give examples of efficient structural plan forms if
loadbearing masonry is to be used. Other layouts may require an independent structural
frame for stability.

2.2 Stability

Lateral stability in two orthogonal directions should be provided by a system of
strongpoints within the structure so as to produce a ‘braced” structure, i.e. one in which
the walls will not be subject to additional eccentricities arising from sway. Strongpoints
can generally be provided by orientating the walls uniformly about the two horizontal
axes of the structure and in some cases may depend on the walls enclosing stairs, lift
shafts or service ducts. It is preferable for the strongpoints to be distributed throughout
the structure and arranged so that their combined shear centre is located approximately
on the line of the resultant in plan of the applied overturning forces (Fig 2.1). Where
this is not possible, the resultant additional twisting moments must be considered when
calculating the load carried by each strongpoint (Fig 2.2).

Strongpoints should be effective throughout the full height of the building, although
they may be reduced in the upper storeys. If it is necessary for the strongpoints to be
discontinuous at one level, provision needs to be made to transfer the forces to other
strongpoints.

2.3 Cellular plan form

The cellular plan form consists of a number of loadbearing walls parallel to the
horizontal axes of the building and usually intersecting to produce an ‘egg-crate’ layout
(Fig 2.3). Generally the cellular plan form produces the most stable and robust structure.

2.4 Crosswall construction

The arrangement of the loadbearing walls in crosswall construction is an array of
parallel walls, usually at right-angles to the longitudinal axis of the building. The

IStructE Masonry manual 9
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combined strength of strongpoints and crosswalls relies on the floors acting as
horizontal diaphragms (Fig 2.4).

2.5 Spine-wall construction

Crosswall construction is appropriate where repetitive floor plans allow the loadbearing
crosswalls to line through on all floors and hence to carry their loading directly down
to the foundation. Where such a repetitive floor plan is not appropriate spine-wall
construction may provide a suitable alternative, particularly where for overall stability
strongpoints are provided by staircases, lift shafts and gable walls. The combined
strength of strongpoints and spine-walls relies on the floors acting as horizontal

diaphragms (Fig 2.5).

2.6 Geometric sections

Geometric profiles can be readily formed in masonry and are particularly suitable for
use in tall and slender single-storey structures such as assembly halls, theatres, churches

10 1StructE Masonry manual
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and warehouses. The scope for such sections is wide and includes diaphragm walls, fin

walls, channel sections, chevron walls, etc. The principle employed is to create flexural

stiffness in the plan shape of the wall elements (Fig 2.6). The section should be sized

to suit brick and block unit dimensions to avoid excessive cutting and poor bonding.
For basic design guidance on such walls refer to subsection 5.4.6.

2.7 Robustness

A well designed and well detailed structure with an appropriate choice of materials will
normally satisfy the requirements of structural robustness.

Elements whose failure would cause collapse of more than a limited part of the
structure adjacent to them must be avoided. Where this is not possible, alternative load
paths should be identified or the element in question strengthened. The adequacy of the
junctions or connections between the masonry walls and floors and roofs is an important
consideration. In certain circumstances (e.g. buildings with precast concrete or timber
floors), all members of the structure should be effectively tied together in both the
longitudinal and transverse directions (see section 5.3).

Generally the cellular plan form produces the most stable and robust structure.
Nevertheless, careful consideration may be necessary over the location and dimensions
of openings as well as the position of any movement joints so that the integrity of the
structure is not impaired.

In its simplest form, crosswall construction has stability only about the minor axis
and is basically the least robust type of structure. In the longitudinal direction, bracing
to the structure as a whole should be provided, for example, by spine or perimeter walls,
by buttressing or by strongpoints, such as stair or lift shafts, located at each end of or
midway along the building (Fig 2.5).

[StructE Masonry manual 11



In the case of both spine-wall and crosswall construction the location of movement
joints, both primary and secondary, is of significance in the assessment of stability and
robustness.

2.8 Movement joints

Joints should be provided to minimise the effects of movement caused by drying
shrinkage, moisture expansion, temperature variations, creep and settlement.

The effectiveness of movement joints depends on their location. In masonry construction
there are two distinct types of movement joint: the first is a primary movement joint
that should divide the structure into individual sections; the second consists of
secondary movement joints that divide the elements into individual portions. The
structure or element on each side of the joint should be independently stable and robust.

In all forms of movement joint it is essential to continue the joint through any finishes
(e.g. plaster), attached cladding and similar elements.

Primary movement joints are used to reduce the influence of overall dimensional
changes or distortions of the total structure, and are usually positioned at changes in
direction, significant changes in dimension of plan or height, or changes in the form of
construction either of the structure or of its foundations. In long uniform structures these
Jjoints would normally be provided at 40 to 50m centres and be at least 25Smm in width.

Primary movements joints should pass through the whole of the structure above
ground level (Fig 2.7) and be in one plane. Consideration should be given to the need
to carry the joint through the foundations.

The purpose of secondary movement joints is usually to accommodate differential
movements arising from material behaviour and/or local structural distortions.

Clay brickwork generally exhibits long-term moisture expansion, whereas concrete
blocks and bricks and calcium silicate bricks experience drying shrinkage.

The spacing and location of movement joints need to be carefully considered.
Features of the building that should be considered for determining the joint positions
are as follows:

(a) atthe intersections of walls, piers, tloors, etc.

(b) internal and external covers

(¢) short return walls

(d) window and door openings

(e) change in height or thickness of the wall

(f)  chases in the wall

(g) beam seatings or other elements imposing concentrated loads
(h) areas of cantilevered construction

(1)  areas of arched construction

(J) parapets.

The uninterrupted height and tength of the outer leaf of external cavity walls should be
limited so as to avoid undue loosening of the ties arising from differential movements
between the two leaves. The outer leaf should, therefore, be supported at intervals of
not more than every third storey or 9m, whichever is less. However, for buildings not
exceeding 4 storeys or 12m in height, whichever is less, the outer leaf may be
uninterrupted for its full height. Calculations may also be carried out (see clause 29.2.3
of BS 5628: Part 1), and the effects of horizontal movement should also be considered

12 IStructE Masonry manual
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Fig 2.7 Location of primary movement joints

(see clause 29.2.3 OI‘BS 5628: Part 1'). Further guidance may be obtained from CIRIA
Technical note 1072, BDA Design note 10° and BS 5628: Part 3', Appendices A3 and
A4'. Information may also be found in BRE Digests 227, 228 and 229.

2.9 Interaction with other parts of the structure

This section refers to the relative behaviour of the masonry elements with other parts
of the structure, particularly at interfaces or junctions or where composite action is
required. Compared with most other materials used in the structure of a building,
masonry is relatively stiff and brittle. It does not readily absorb distortions arising from
movement or displacements nor readily redistribute high localised stresses.

Some examples requiring attention are:

* masonry panels on suspended beams or slabs that may crack because of the
support deflections

* diaphragm action of floors transmitting lateral forces to strongpoints or shear
walls

* lateral restraint to walls by floors

* infill masonry panels (which should be individually supported and connected
to the surrounding frame)

* uplift and suction arising from wind (special attention needed at
roof/wall junctions)

* shrinkage of in situ concrete where supporting or supported by masonry units.

Particularly in cases of precast concrete floor units and timber floor joists and root
trusses (Fig 2.8) the designer must satisty him/herself that the elements can act as
horizontal diaphragms where so assumed and that the connections can transmit the
forces resulting from the interaction.

Lateral deflections of a reinforced concrete or steel frame may induce cracking of
infill cladding; frame shortening may impose load on infill masonry unless a horizontal
compression joint is provided.

2.10 Infill masonry to framed structures

Masonry infilling may be used to provide the bracing to reinforced concrete or steel
framed structures. In such circumstances the walls are not usually required to carry

IStructE Masonry manual 13
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Fig 2.8 Sturdiness of floors

gravity loads from the structure but are subjected to in-plane loads. Where the infill
also provides the cladding to the building it will also need to resist wind loads normal
to the wall. Due consideration must be given to the effects of possible removal of such
walls at a later date.

Infill masonry panels when used as bracing should be fixed tightly to the surrounding
structural frame for the efficient bracing of the structure. Regard should be paid to the
possible shrinkage of a silicate brick or concrete block masonry panel making the
pinning ineffective. Movement joints within the panel, either primary or secondary,
should be avoided. Similarly, openings that might impair the ability of the panel to
brace the structure should be carefully examined. Load sharing arising from secondary
effects (e.g. frame shortening) must be considered.

Infill masonry panels that resist only laterally imposed loads should be adequately
restrained. This may be on two opposite sides to avoid an unrestrained corner. The
methods of restraint must make due allowance for any relative movement between the
masonry infill and the structural frame.

Unless the walls are designed to provide principal or secondary stability, it is rarely
necessary to consider the influence of accidental damage to masonry infilling since its
removal should not precipitate collapse.

2.11 Openings

The size and location of openings should be such that the stability of not only the panel
under consideration but also adjacent walls (above and below) is not impaired. Special
attention is needed to consider the effects of openings in the storey immediately above
foundation level with regard to possible variations in bearing pressure.

Openings have a major influence on the load paths in masonry walls, affecting the
stress distribution.

The overall effect of an opening, other than one immediately under an identical one
above, is to reduce not only the cross-section but also to shift the centroid of the section
so as to cause an overall eccentricity of the resultant of the loads (Fig 2.9).

The local effect of an opening is to cause increased stresses under lintel bearings etc.
(Fig 2.10). Reference should be made to BS 5977 Part 1* to assess the load to be carried
by the lintel.

14 IStructE Masonry manual
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Care should be exercised where openings are formed in walls that provide a
restraining effect to an adjacent wall. As a general guide, a minimum construction
length of 550mm, measured from the internal interface of the wall junction, should be
provided in the restraining wall (see clause 28.2.3 of BS 5628: Part 1 h.

Attention should be paid to providing suitable tying or bonding of wall junctions to
achieve the desired degree of structural continuity.

New openings in existing walls require a similar evaluation in circumstances where
load intensities and patterns of load in adjacent walls are subject to change. Particular
consideration should be given to the effects of infilling of existing openings on the
surrounding structure.
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3 Choice of materials

3.1 Design coordination

The engineer should be satisfied that the materials requirements of other members of
the design team are compatible with those governing the masonry design, particularly
with regard to tolerances, provisions for movement, and water absorption of clay bricks.

Neither BS 5628' nor the individual British Standards relevant to materials concern
themselves with robustness, i.e. resistance to impact and abrasion or the provisions of
secure fixings for the attachment of other components. For example, hollow or
lightweight blockwork is less resistant to impact or abrasion, which could be a
consideration in certain situations such as factories and warehouses.

3.2 Structural units

Before a final choice of unit is made, it may be prudent to obtain test results of recent
production runs, and evidence of suitability in the form of completed buildings using
the units. Where no recent test certificates are available, tests may be carried out to
demonstrate that the units satisfy the engineering requirements.

Structural masonry units should comply with the relevant British Standards:

¢ Calcium silicate (sandlime and flintlime) bricks BS 187°

s Clay bricks BS 3921°

* Dimensions of bricks of special shapes and sizes BS 4729’

* Stone masonry BS 5390

* Precast concrete masonry units BS 6073: Part 1°
* Reconstructed stone masonry units BS 6457"

¢ (Clay and calcium silicate modular bricks BS 6649'!

The supply of units should be monitored to ensure compliance with the specification
is being met. A guide to the properties of masonry materials is given in Table 3.1

3.3 Mortars and mortar joints

3.3.1 Mortars

Mortars should be selected on the grounds of strength, durability and economy. There
is no evidence to suggest that the use of a weaker cement mortar gives an increasing
ability to accommodate movement. However, where cracking is likely to occur, the use
of strong (cement-rich) mortars with weak units can give rise to cracking of the units
and should generally be avoided (see Table 3.2). In cavity walls the choice of the same
mortar for each leaf is preferred.

Designers should be aware of the possible need for cubes to be taken to monitor the
strength and durability of mortars, guidance for which may be obtained from BS 5628 "

Certain fine sands, while conforming to BS 1200", may require further adjustment
of mix proportions (see BS 5628: Part 3!, clause 23.1(b)). Choice and grading of the
sand has a significant effect on workability.

‘Masonry cement’ is a mixture of Portland cement and inert fillers, and may contain
additives. Because of its likely misuse its adoption in structural masonry is not advised.

Plasticisers are often used in lieu of lime to improve the workability and durability
of mortars. They do not, however, provide the extra gain of strength with time possible

[StructE Masonry manual 17



_Table 3.1 Guide to the properties of masonry

Properties Clay Calcium | Dense |Lightweight 7 Aerated [ Natural
brickwork | silicate concrete concrete concrete | limestone
o ) brickwork | blockwork | blockwork | blockwork |
Wcight(kN/m}' 16-22 20 1521 | 716 | 49 74‘/772277
Compressive ) 15-85 | 1435 7-35 3.5-10.5 2.8-7 10-50

strength (N/mm*~

Flexura] strength
(N/mm* \

- plane of failure 1.5 0.9 0.6 0.6 0.6 -
perpendicular to
bed joints

- plane of failure 0.5 0.3 \ 0.25 0.25 0.25 -

parallel to bed

Joints . . \ ‘ —
Elastic modulus 5-250r 14-18 10-25 or 4-16 1.7-8 | 15
(kN/mm”) 450-900fk* 300 fi* ) ‘

Creep factor - 12-40 | - 2.0-7.0 2.0 -

final creep strain
to elastic strain at
~working stresses B ‘
Reversible 0.02 (+) 001005 (+)|0.02-0.06(-) 0.03-0.06(-) 0.02-0.03(-)  0.01 (+)
moisture
movement (%)

Initial moisture  10.02-0.10¢+) 001-0.05 (=) 0.02-0.06(-10.05-0.06(-} 0.05-0.09C)  0.01

expansion (+) (0.03

or drying when on

_shrinkage (-) (%) site) - ) B ]
Coefficient of 5-8 8-14 6-14 7-12 8 4

thermal expansion
000 )
Long-term natural | 3.0-15.0
water absorption
(%) \ | .
Thermal 0.07-1.20 1.2 0.6-13 | 0.20-0.44 | 0.10-0.27 1.3
conductivity at 5%
moisture content

(W/m'C)

* Broadly but not lincarly related to fi. the characteristic compressive strength

with lime. Plasticisers should be used only in accordance with the manufacturer’s
instructions, with particular consideration given to the heights of lifts and the risk of
loosened ties. Wwhen used in conjunction with retarders, and care should be taken to
avoid incompatibility.

Carc should be taken in the use of colouring agents (pigments) to maintain
compressive and bond strengths of mortars.

To avoid problems of site mixing it is becoming common practice to usc retarded,
ready-to-use mortar. This is weight-batched at the tactory and delivered to site
containing a set retarder to enable the mortar to be used over a two working days’ period.
Similarly it is also possible to obtain ready-mixed lime and sand together with any
plasticiser and colour pigment as may be required.
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Table 3.2 Mortar mixes

From| Mortar designation Types of mortar Mean compressive slr?ength
BS (proportion by volume) {  at28days (N/mm”)
5628: Cement: lime: Cement: Preliminary Site tests
Part 1 sand i sand with | (laboratory)
| plasticiser tests o
Increasingt | (i) 1:0to 1/4: 3 - 16.0 1.0
istrength (i1) 1:1/2:4 t0 4172 1:3t04 6.5 45
(iii) 1:1:5t0 6 i 1:5to6 3.6 2.5
| ) 1:2:8t09 1:7t08 1.5 1.0
Direction of change in | Increasing resistance to frost
| properties is shown by attack during construction
the arrows
Improvement in bond and
consequent resistance to rain
penetration

From |[NOTE 1. Where mortar of a given compressive strength is required by the designer. the
BS "mix proportions should be determined from tests following the recommendations of

5628: iappendix A of BS 5628: Part 1: 1978.

Part 3| NOTE 2. The different types of mortar that comprise any one designation are

approximately equivalent in compressive strength and do not generally differ greatly in

their other properties. Some general differences between types of mortar are indicated

“by the arrows at the bottom of the table, but these differences can be reduced (see BS

5628: Part 3: clause 23.2.1).

NOTE 3. The range of sand contents is to allow for the effects of the differences in

grading upon the properties of the mortar. In general, the lower proportion of sand

applies to grade G of BS 1200 whilst the higher proportion applies to grade S of

BS 1200.

NOTE 4. The proportions are based on dry hydrated lime. The proportion of lime by

volume may be increased by up to 50% (V/V) in order to obtain workability.

NOTE 5. At the discretion of the designer, air entraining admixtures may be added to

lime: sand mixes to improve their early frost resistance. (Ready mixed lime: sand

mixes may contain such admixtures.)

3.3.2 Mortar joints

Mortar joints may be finished in a number of ways. When this is carried out while the
mortar is still fresh it is termed ‘jointing’. When the mortar is allowed to stiffen and
some is then removed and replaced with fresh mortar (sometimes coloured) betore
finishing, the process is referred to as “pointing’. Jointing is preferable to pointing
because it leaves the bedding mortar undisturbed.

Mortar used for pointing should have mix proportions similar to those used in the
bedding mortar.

For all types of masonry. it is essential to fill all the joints to minimise the risk of rain
penetration. Tooled mortar joints are more resistant to rain penetration than joints that
have not been tooled, and are therefore more durable. Recessed joints increase the risk
of water penetration and should be used externally only with frost-resistant units and
mortars. Where used, the depth of recess should be related to the distance of any
perforation or cavity in the unit from the exposed face of the unit so as to reduce the
risk of water penetration.

It is also important to avoid pointing over dampproof courses (dpcs). This could
provide a passage for water to bypass the dpc and cause mortar to crumble as the dpc
settles.
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Flush or Bag Rubbed Joint

This finish gives maximum bearing area and is often favoured when coarse
textured units are used. With some brick types the finish may appear a little
irregular.

Curved Recessed (Bucket Handle)

. : This joint can give an improved appearance over a flush joint with negligible
reduction in strength. It is generally considered that this joint gives the best
] weather resistance due to the smoothing of the joint and the superior bond this

achieves. It is perhaps the most commonly used joint.

Struck or Weathered

Weathered bed joints produce an interplay of light and shadow on the brickwork.
Such joints when carrectly made have excellent strength and weather
resistance.

Overhung Struck

This finish gives a slightly different appearance of light and shade to struck
weathered jointing. Unfortunately it allows rain to lodge on the herizontal faces of
the bricks and thus to penetrate the bricks and joints causing discolouration and
possible frost damage. For these reasons it shouid be confined to lightly
stressed interior walls and external brickwork using appropriate quality bricks.

Square Recessed
- . This joint when used with durable bricks can produce a very pleasing effect but
its weather resistance and strength will be considerably less than struck flush or
curved recessed joints. With heavily perforated bricks where the perforations
T occur near to the face a recessed joint may be inadvisable because resistance to
water penetration may be impaired.

Note: Because of their texture and frost resistance some bricks are unsuitable
for overhung struck and square recessed jointing.

Fig 3.1 Principal types of joint profile for brick and block masonry

The principal types of joint profile used for brick and block masonry are shown in
Fig 3.1.

Types of finish for jointing and pointing of work should be carefully chosen in
relation to the durability of the units and the conditions of exposure.

3.4 Durability

For masonry construction the requirements for durability are usually satisfied by the
appropriate choice of material qualities and mortar-joint profile, together with an
adequate standard of workmanship.
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3.4.1 Frost resistance

Saturation is the major factor adversely affecting frost resistance. If freeze/thaw cycles
occur masonry, while saturated, will be hable to frost failure unless appropriate units
and mortar are specified.

Masonry should preferably be detailed so that the risk of saturation, particularly for
exposed locations, is reduced by adopting details that throw water clear of the walls by
copings, sills, and roofs with adequate overhangs and drips.

Some architectural features. such as flush copings and sills, can result in masonry
being exposed and saturated locally. For these features it is essential to select durable
units and mortar.

Manufacturers are required to state the frost resistance of their clay bricks by
classifying them from experience in use as:

* F: which means frost resistant, even when used in exposed positions where
they will be liable to freezing while saturated. If there is any doubt it is
strongly recommended that the manufacturer’s advice as to the suitability of
the product should be sought

* M: which means moderately frost resistant and suitable for general use in
walling that is protected from saturation

* O: which means not frost resistant. Such bricks are seldom made deliberately;
they may be adequate for internal walls.

3.4.2 Soluble salt content

Most clays used in brickmaking contain soluble salts that may have been retained in
the fired bricks. If brickwork becomes saturated for long periods. soluble sulphates will
be released. These may cause mortars that have been incorrectly specified or batched
and have a low cement content to deteriorate under sulphate attack. Sulphates trom the
ground or other sources may be equally destructive.

Some clay bricks meet limits placed on the level of certain soluble salts and these
are designated ‘L’ signifying low soluble salt content. Those that do not meet the limits
are designated as "N’ for normal soluble salt content. The use of designation L rather
than N bricks in brickwork that may remain saturated for long periods may reduce the
risk of sulphate attack in the mortar.

The most effective way of reducing the risk of sulphate attack is by designing to
prevent saturation and where this is unavoidable to use designation (i) mortars, i.e. those
rich in cement. The use of mortars rich in cement should, however, be balanced against
the increased risk of cracking (see subsection 3.3.1). In some cases the use of
sulphate-resisting cement is advised.

3.4.3 Liability to efflorescence

Efflorescence is a crystalline deposit left on the surface of brickwork after the
evaporation of water carrying dissolved soluble salts. Manufacturers have to state which
category the bricks being offered correspond to when subject to the efflorescence test
described in BS 3921°, namely nil, slight or moderate. Specifiers should be aware that
these categories do not relate to the degree of efflorescence to which brickwork may
be liable in certain site conditions. The risk of efflorescence, which is harmless and,
whilst unsightly, usually temporary. can best be minimised by proteumo the bricks in
the stacks as well as newly built brickwork from rain (see BS 5628: Part 3" clause 3.5).
The minimum qualities ofunlts and mortar that will provide adequate durability are
tabulated in BS 5628: Part 3', extracts from which are reproduced as Table 3.3. Furlhu
information on brickwork durability can be obtained from BDA Design note 7"
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3.4.4 Concrete blocks/bricks

Table 3.4 General guidance on the recommended qualities of blocks, bricks and
mortar to ensure durability B

Location | Strength of concrete unit (N/mm{z) ‘ Mortar designation
o B | Blocks | Bricks - o
General internal; any block 15 \ (1i1)
external above dpc o L o o B

External below dpe: 3.5 dense 20 (iii)
free-standing walls: 7.0 light weight

Jparapets S . -
_Earth-retaining walls _7.0dense. 30 ) (i)

Sills and copings ._consult manufacturer 30 ()

NOTE: Where sulphate attack can occur, the use of sulphate-resisting cement may be
necessary.

3.4.5 Lime bloom

Lime bloom is a white stain occurring on concrete surfaces or surfaces in close
proximity to concrete units caused by lime being leached out of the unit. Lime bloom
1s not like efflorescence and is not soluble in water but can be removed by careful
washing with an appropriate acid. Brickwork built in wet weather is also sometimes
susceptable to this form of staining.

3.5 Fire resistance
If the required fire resistance of a loadbearing cavity wall with a thickness taken from
Table 3.5 is more than 2h. the imposed load should be shared by both leaves: otherwise,
if the load is carried only by the leaf exposed to the fire, the minimum thickness of that
leaf should be that given for loadbearing single leat walls.

In order for a structural member to be able to carry its load during and after a fire its
thickness may need to be greater than that which is dictated by purely structural
considerations.

3.6 Wall ties and straps

Wall ties should comply with BS 1243" or meet the recommendations of DD 140: Part 2
for performance-designed ties. In situations of severe exposure, or where required by
building regulations, suitable stainless steel or non-ferrous ties should be used. The
most frequently specified tics are either of low carbon steel protected with a zine coating
to BS 729 or minimum weight of coating 940g/m”, or grade 304 austenitic stainless
steel.

Guidance on the selection of walls tics, material and type, is given in Tables 3.6
and 4.3.

The materials and type of perimeter anchorages for laterally loaded wall panels
should follow the principles described for cavity-wall ties.

Anchorage straps for tying down roofs or similar should be 19 x 3mm galvanized
mild steel or non-ferrous metal as appropriate to the recommended cavity ties.

Restraint straps for tying in walls should be 30 x 5Smm galvanized mild steel, stainless
steel, or non-ferrous metal as appropriate.

Metal connections, such as joist hangers or straps connecting the inner leaf with a
buttressing partition. and which do not pass through the cavity to be embedded in the
outer leal of a cavity wall may be of galvanized mild steel. irrespective ol the number
of storeys in the building.
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Table 3.5 Notional fire resistance of walls - loadbearing single leaf walls

Masonry Type Minimum thickness (mm) for notional periods of fire resistance
. T
unit 4h ~3h | 2h 90mins | 60mins ' 30min
Clay | solid 170 170 100 | 100 | 9 | 90
brick 75% solid ie. | 200 200 170170 170 100
| perforated | | | R S
Concrete |_solid (dense) - 100 100 90 90
block hollow | - - T - 190
| (densc) | - ) “
i solid 150 140 100 100 90 90
| (ightweight) - : S I
hollow - - 100 100 100 90
(lightweight) .
o aerated 180 140 100 | 100 | 90 90
Concrete solid 190 190 100 | 100 90 90
or
calcium
silicate |
brick | ) I
NOTES:

1. Thickness can be reduced by approx. 10mm if not less than 13mm plaster or render is applied to each face.
2. Non-loadbezlrinzf, walls can have reduced thickness, especially for 90min, 60min and 30min periods: refer
to BS 5628: Part 3

3. Table 3.5 is a summary extract from Table 16 of BS 5628: Part 3!

Table 3.6 Recommended minimum types and qualities of cavity wall ties

Types of wall and building | Minimum recommended ties

(a) 2 storeys or less

(i) domestic buildings ﬂ()g stainless steel or non-ferrous butterfly
or double triangle

(i) non-domestic and non-agricultural 10g stainless steel or non-ferrous metal
___Ibutterfly or double triangle

(b) Not exceeding 3 storeys

(i) cavity less than 7Smm 10g stainless steel or non-ferrous butterfly
or double triangle
|
(ii) cavity exceeding 75mm 19 x 3mm stainless steel™ or non-ferrous
metal vertical twist

(¢) Exceeding 3 storeys

Stainless steel or 8g non-ferrous metal
buttertly or double triangle

(1) cavity less than 75mm

(ii) cavity exceeding 75mm 19 % 3mm stainless steel or non-ferrous
‘metal vertical twist

* or performance designed alternatives

NOTE: All cavity wall ties should comply with BS 1243 or be of equivalent characteristics
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3.7 Dampproof courses (dpcs)

Despite the widespread use of dampproof courses in masonry elements, their structural
properties, particularly in tension, have not been widely studied. Current British
Standards do not define structural performance requirements.

The principal factors to be considered are:

* resistance to squeezing out due to compressive loads

» ability to resist sliding and/or shear stresses

» adhesion to mortar so that flexural stresses may be transmitted.
In general, advice on the resistance to compression, tension, sliding and shear should
be sought from the manufacturers. In particular it should be noted that the flexural

strengths of dpcs are particularly suspect.
Commonly used dpc materials and their properties are listed in Table 3.7.
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4 General principles of limit-state
design for masonry walls and
columns

4.1 Loadings

This Manual adopts limit-state principles and the partial factor format of BS 5628: Part 1",
The loads to be used in calculations are therefore:

(a) characteristic dead load, Gy: the welght of the structure complete with finishes,
fixtures and fixed partitions (BS 648'°)

(by characteristic imposed load, Qx: (BS 6399: Parts | and 3" and the appropriate
Building Regulations ™)

(¢) characteristic wind load, Wi: (CP3: Chapter V: Part 2'%)

(d) at the ultimate limit state the horizontal force to be resisted at a particular level
should be the greater of:

(1} 1.5% of the characteristic dead load above that level, or
(11) the characteristic wind load above that level multiplied by the appropriate
partial safety factor, ¥ (see Table 4.1)
(e) for the design of structural members affording lateral support to the masonry

elements, including the elements transmitting this force to the members providing
stability to the whole structure, the sum of:

(i) the simple static reaction arising {from the total design horizontal forces
applied at the lateral support, and

(i1) 2.5% of the total characteristic load, applied as a horizontal force at the lateral
support.

The horizontal force produced by (d) should be distributed between the strongpoints
providing overall lateral stability. according to their stiffnesses. The strongpoints do
not need to be designed to resist the horizontal force produced by (e).

The design loads are obtained by multiplying the characteristic loads by the
appropriate partial safety factor, ¥, from Table 4.1. The "adverse’ and "beneficial’
factors should be used so as to produce the most onerous condition.

Table 4.1 Partial safety factors for loads, yr

Load Load type
‘combination

,,,,,,,,,,,,,,, —— — —
dead (;k ) IITIp()\Ld Qk wind W;\
| adverse ‘ beneficial adverse  beneficial o
I. Dead and 1.4 0.9 1.6 i 0 -
1mpg)7.xed o ) 7 B
2. Dead and 1.4 | 0.9 ‘ - - 1.4
wmd ‘ \ o -
3. Dead, wind . 1.2 - 2| - 12
ﬁld imposed R | B

* For infill walls subject to wind loading only. a factor of 1.2 may be used where removal of
the wall will in no way affect the stability of the remaining structure.
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Fig 4.1 Characteristic compressive strength of brick masonry. fi

4.2 Serviceability limit state

Nocalculations arc required to check the serviceability limit states of masonry elements.
provided that the recommendations of this Manual are observed.

4.3 Characteristic strengths

4.3.1 Characteristic compressive strength

The characteristic compressive strength, fi, for brick walls is given in Fig 4.1. For brick
walls where the thickness of the wall is equal to the width of a standard format brick,
i.e. 103mm, the value given in Fig 4.1 may be multiplied by 1.15.

The characteristic compressive strength fi. for blockwork walls constructed of
standard format blocks of 100mm. 40mm, and 215mm width, with a height of
215mm, is given in Figs 4.2, 4.3 and 4.4, respectively. For walls constructed with
solid and hollow blocks of different sizes, reference should be made to BS 5628:
Part 1, Table 2.

For walls or columns with plan area less than 0.2m”, the characteristic compressive
strength from Figs 4.1 to 4.4 should be multiplied by (0.7 + 1.5A). where A is the loaded
cross-sectional plan area in m™.

For hollow or perforated masonry units the characteristic compressive strength
quoted when tested in accordance with the appropriate British Standard relates to the
gross plan area of the masonry unit as though it was solid.

Where hollow blocks are filled with in situ concrete with a compressive strength
greater than the compressive strength of the block, recalculated using the net area of
the block, the characteristic compressive strength of the masonry may be determined
from Figs 4.2 to 4.4, assuming that the blocks are solid and have a compressive strength
as recalculated. Where the compressive strength of the concrete infill is less than the
recalculated compressive strength of the block. the characteristic compressive strength
of the masonry should be determined on the basis of the compressive strength of the
concrete infill.
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Fig 4.4 Characteristic compressive strength, fi. for blockwork walls built with
standard format blocks 215mm wide and 215mm high

For masonry units laid other than on their bed face, the compressive strength of the
units in that direction should be used to determine fi using Table 2 in BS 5628: Part 1.
When using 100mm x 215mm wide solid block laid flat refer to Table 2(b).

If the blocks are to be laid with mortar only on the outer surfaces of the blocks (shell
bedding) the design strength needs to be reduced by the ratio of the bedded area to the
gross area of the block. Shell bedding is not recommended for structural masonry.

Increased local stresses may be permitted beneath the bearing of a concentrated load
of a purely local nature, such as beams. columns, lintels, etc. provided that either the
element applying the load is sensibly rigid, or a suitable spreader is introduced. The
concentrated load may be assumed to be uniformly distributed over the area of the
bearing. except in the special case of a spreader located at the end of a wall and spanning
in its plane (bearing type 3, sce Fig 4.5(c)) and dispersed in two planes within a zone
contained by lines extending downwards at 45" from the edges of the loaded arca.

The etfect of the local load combined with stresses from other loads (see Fig 4.6(a))
should be checked:

(a) at the bearing, assuming a local bearing design strength of 1.25£/v. in the case
of bearing type 1 (Fig 4.5(a)) or 1.5f/¥m in the case of bearing type 2 (Fig 4.5(b))

(by atadistance of 0.4/4 below the bearing where the design strength is to be taken
as Bfi/vm allowing for the effects of slenderness.

where

Sk 1s the characteristic strength of the masonry

i is the clear height of the wall

Ym s the partial safety factor for material strength

B is the reduction factor for slenderness (see Table 5.2)
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Beam to span in plane of wall

Edge distance
may be zerg,-

Local design strength 1.25 f,
—

(a) Bearing type 1

Fig. 4.5(a) Concentrated loads: bearing type 1

o
- Beam to span in plane of wall

A

>x o’

/Edge distance

Local design strength 1.5 i

(b) Bearing type 2

Fig. 4.5(h) Concentrated loads: bearing tvpe 2
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should be based on an acceptable elastic theory.

(c) Bearing type 3

Load from above

Distribution of stress under the spreader ‘

Maximum stress should not exceed 2§«
m

Spreader

Fig. 4.5(c) Concentrated loads: bearing type 3

-t
‘ “ ‘ W ‘ ‘ ‘ { ‘ ‘ r Stress due to design load

125§, or 150fk

Stress from
above

vm vm

(see figs 4.5(a) and 4.5(b)

Load
dispersion line

45°

‘{ Stress due to design load

R T e T T T T
< Bk
vm
Stress due to design load to be compared
with design strength as indicated above
(a) Load distribution for bearing types 1and 2
Concentrated

loa
Load from above

0.4h

REREREERD #%*#H# —Spreader
J‘ ” 4

I Stress due to design load
' <2 §i
vm

FRS052000 0 B M0 MW NG} 311 8 D0 M R4 110 By "‘ T %
/ — Stress due to design load

Indicative shape of stress diagram due to =< B I«
concentrated load.The distribution of stress vm
under the spreader may be derived from
an acceptable elastic theory

TR T T,

Stress from above

Stress due to design load to be compared
with design strength as indicated above

(b) Load distribution for bearing type 3

Fig 4.6 Concentrated loads: load distribution
37
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In the special case of a spreader beam, designed in accordance with an acceptable elastic
theory, located at the end of a wall and spanning in its plane (sce Fig. 4.5(¢)), the
maximum stress at the bearing combined with stresses due to other loads should not
exceed 2.0/ (see Fig 4.6(b)). At the distance of 0.4h below the bearing. the design
strength should be taken as Bfi/yw allowing for the effects of slenderness.

4.3.2 Characteristic flexural strength

Suggested values of the characteristic tlexural strengths fiy, of normally bonded
masonry are given in Table 4.2. In general direct tension should not be allowed.

The thickness should be taken to be the thickness of the wall, for a single-leaf wall,
or the thickness of the leaf, for a cavity wall.

Linear interpolation is d“OWLd for concrete blocks with compressive strengths
between 2.8 and 3.5N/mm’ and between 3.5 and 7.0N/mm? for all wall thickness.

Flexural tensile stresses should generally notbe allowed at dampproof courses except
where brick or slate is used as the dpc, but partial fixity may be provided due to the
action of dead loads (see subsection 5.4.3).

4.3.3 Characteristic shear strength

The characteristic shear strength of masonry, f,, in the hormmlal direction of the
horizontal plane (Fig 4.7) may be taken as 0.35 + 0.6g4 N/mm” with a maximum of
1.75N/mm~ for walls built in mortdr designations (1) and (ii) or 0.15 + 0.6ga N/mm’
with a maximum of 1.4N/mm° for walls built in mortar designation (iii) where g4 is the
design vertical load per unit arca of wall cross-section due to the vertical loads
calculated from the appropriate loading condition.

The characteristic shear strength f,, of bonded masonry in the vertical direction of
the vertical plane (Fig 4.7) may be taken as:

(a) forbrick:
0.7N/mm” for mortar designations (i) and (ii);
0.5N/mm?’ for mortar designation (iii}, and
(b) for dense aggregate solid concrete block with a minimum strength of 7N/mm”

0.35N/mm” for mortar designations (i), (i) and (iii).

Complementary shear acting inthe
vertical direction inthe vertical piane

Complementary shear
acting in the horizontal
direction in the
vertical plane

Shear acting in the direction in the
horizontal plane

Fig 4.7 Shear forces acting in the horizontal and vertical planes
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Table 4.2 Characteristic flexural strength of masonry (N/mm?)

Plane of failure
parallel to bed joints

Plane of failure
perpendicular to bed joints

~a
N . -
RS - P
N -
~ -
Mortar designation (i) (ii) (iv) (i) (i1) (iv)
and and
(iii) (i) |
Clay bricks having a water
absorption
less than 7% 0.7 0.5 0.4 2.0 1.5 1.2
between 7% and 12% 0.5 0.4 0.35 1.5 1.1 1.0
over 12% 0.4 0.3 0.25 9 0.8
Calcium silicate bricks 0.3 ] 02 0.9 106
_Concrete bricks 03 0.2 0.9 0.6
Concrete blocks (solid or
hollow) of comprgssive
strength in N/mm~
2.8 Used in walls 0.40 | 04
35 of thickness 0.25 0.2 0.45 04
7.0 up to 100mm* 0.60 0.5
2.8 Used in walls 0.375 0.367
35 of thickness 0.233 0.183 0417 0.367
7.0 up to 125mm* 0.558 0.467
238 Used in walls 0.36 0.347
35 of thickness 0.223 0.173 0.397 0.347
7.0 up to 140mm* 0.533 0.447
2.8 Used in walls | 0.31 0.28
35 of thickness 0.19 0.14 0.33 0.28
7.0 |up to 190mm* 0.45 0.38
28 Used in walls 0.285 0.247
35 of thickness 0.173 0.123 0.297 0.247
7.0 up to 215mm* : | 0.408 0.347
2.8 Used in walls 0.25 0.2
3.5 of thickness 0.15 0.1 0.25 0.2
7.0 up to 250mm* 0.35 0.3
10.5 Used in walls of 0.75 0.6
14.0 any thickness* 0.25 L 02 0.90+ 0.7+
NOTES

* The thickness should be taken to be the thickness of the wall for a single-leaf wall, or the
thickness of the leaf for a cavity wall

+ When used with flexural strength in parallel direction, assume the orthogonal ratio

_fw

=—"—=0.3
K S
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4.3.4 Characteristic strength of wall ties
The characteristic strengths of wall ties used to restrain wall panels subjected to lateral

foads are given in Table 4.3, but to meet the design recommendations of DD 140: Part
2”‘, they should be determined in accordance with DD 140: Part e

Table 4.3 Characteristic strengths of wall ties used as panel supports

Type W Characteristic strengths of tics engaged
in dovetail slots set in structural
concrete o
o L ) Tension & compression Shear
Dovetail slot types of tie kN kN

(a) Galvanized or stainless steel fishtail anchors
3mm thick. 17mm min. width in 1.25mm thick 4.0 5.0
galvanized or stainless steel slot. 150mm long, set in
structural conerete

(b) Galvanized or stainless steel fishtail anchors
2mm thick, 1 7mm min. width, in 2mm thick 3.0 4.5
galvanized or stainless steel slots 150 mm long, set
in structural conerete

(¢) Copper tishtail anchors 3mm thick. 17mm min.
width. in 1.25mm copper slots. [50mm long, set in 3.
structural concrete

N

4.0

_ Characteristic loads in tics embedded in mortar (kN)
_ Compression® — Tension ~ Shear®*
Mortar designations Mortar designations Mortar
designation
. — i e des .
and | G | v | Gand | Gid ] Gwo (etior
[ﬁ) o ) (i1) (i)
Cavity wall ties*## " kN kN kN kN kN kN kN
(a) Wire butterfly type: |
Zinc coated mild stecl or [ 0.5 0.5 - 3.0 2.5 2.0 2.0
stainless steel
(b) Vertical twist type:
Zine coated mild steel or 5.0 4.0 J 25 1 50 4.0 25 35
bronze or stainless steel ; i
(¢) Double triangle type: | ‘ ‘
Zine coated mild steel or 125 125 | - 5.0 4.0 25 30
bronze or stainless stecl ; 1 J ‘ i
N A f

NOTES:

&

Maximum cavity width 75mm
Applicable only to cases where shear exists between closely abutting surfaces
“ Ties to be in accordance with BS 1243

1. The gap between wall and supporting structure is to be not greater than 75mm. Where
cavities exceed 75mm, the compressive resistance of the ties should be determined in
accordance with DD 140: Part 1. The tie manutacturers can gencrally provide this information
2. Values for wire butterfly and double triangle type wall ties applicable only if the
requirements in subsection 3.6 are met.

40 IStructE Masonry manual



4.4 Design strength

The design strength is equal to the characteristic strength divided by the partial factor
for material strength yi,. Values of ¥y, for normal design loads are given in Table 4.4.

Table 4.4 Partial safety factors for material strength v, for normal design loads

Material _Category of construction control ] Category of
Special Normal manufacturing control
Masonry \
Compression 2.5 3.1 Special
Flexure ‘ 2.8 3.5 Normal
Shear Lo 25 25
Wall tiecs ) 3.0 ) 3.0

Unless the requirements of the special categories of manufacturing and construction
control can be assured it is recommended that normal categories be assumed in design.
The categories are defined in the following sections.

Manufacturing control

‘Normal category’ should be assumed when the supplier of the masonry units is able
to meet the requirements for compressive strength in the appropriate British Standard.
‘Special category” may be assumed where the manufacturer:

(a) agrees to supply consignments of the masonry units to a specified ‘acceptance
limit" for compressive strength, such that the average compressive strength of a
sample of the masonry units, taken from any consignment and tested in accord-
ance with the appropriate British Standard specification, has a probability of not
more than 2.5% of being below the acceptance limit, and

(b) operates a quality control scheme, the results of which can be made available to

demonstrate to the satisfaction of the purchaser that the acceptance limit is
consistently being met in practice.

Construction control

‘Normal category’ should be assumed whencver the work is carried out following the
recommendtions for workmanship in Section 4 of BS 5628: Part 3' or BS 5390,
including appropriate supervision and inspection.

‘Special category’ may be assumed where the requirements of normal category
control are complied with and in addition:

(a) the specification, supervision and control ensure that the construction is com-
patible with the use of the appropriate partial safcty factors given in Table 4.4,
and

(b) preliminary compressive strength tests Ldrrled out on the mortar, in accordance
with Appendix Al of BS 5628: Part 1', indicate compliance with the strength
requirements and regular testing ot the mortar used on site shows compliance with
the strength requirement.
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5 Design of loadbearing masonry

5.1 Load combinations

Load combinations for masonry design are given in Table 4.1. Strongpoints, if
constructed from masonry, need to be checked for all three load combinations. Other
elements should be checked for either load combinations 1 or 2. Usually masonry
elements supporting high vertical loads (e.g. walls in the lower storeys of a multistorey
building) need to be checked for load combination I only. For masonry clements
supporting small vertical loads, load combination 2 will usually be critical (e.g. walls
in the top storey of a multistorey building, or walls in a single-storey building).

5.2 Design procedure

The normal design procedure for loadbearing masonry is:

(a) consider overall stability and check that strongpoints are sufficient to resist
horizontal loading and that floors and roof can act as horizontal diaphragms to
transfer lateral loads into strongpoints

(b) consider robustness (sec section 2.7)

(¢) determine minimum requirements of unit quality and mortar strength for du-
rability (see chapter 3)

(d) determine requirements for minimum thicknesses of members for fire (see section
3.5)

(e) check the architect’s requirements for such matters as thermal value, sound
transmission, aesthetics, durability, dpcs and partitions

(f) select worst-case loading situations for design (e.g. most heavily loaded; mini-
mum vertical load and maximum lateral wind load; wind uplift possibly inducing
tension). checking that points of lateral support and any anchorages assumed in
the calculations can be achieved in practice, together with the effects of any dpcs
(particularly narrow piers between windows) and services perforations.

(g) make calculations

(h) prepare details and specifications, and include provision for movement both of
walling elements and of the overall building.

5.3 Walls and piers subject to vertical load

The design of vertical loadbearing masonry is based on consideration of buckling, and
therefore the end restraint conditions of the masonry elements are important.

5.3.1 Lateral supports

A lateral support may be provided along either a horizontal or a vertical line, depending
on whether the slenderness ratio is based on a vertical or horizontal dimension.

Horizontal or vertical supports

Vertical lateral supports, (e.g. buttressing walls) and horizontal lateral supports (e.g.
floors or roofs acting as horizontal girders) should be capable of transmitting, to those
elements of construction that are to provide lateral stability to the structure as a whole
(termed “strongpoints’), the sum of the following design lateral forces:
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(a) 2.5% of the total characteristic dead load that the wall or column is designed to
carry at the line of lateral support, and

(b) simple static reactions to the total applied design horizontal forces (e.g. wind
loads) at the lateral support.

In the majority of cases the strongpoints need to be designed only for the larger of the
two, which would normally be (b). There are conditions, however, (e.g. ground storey
of podium construction; 2-storey building and long-span heavily-loaded first floor)
where the designer may consider it more appropriate for the strongpoints also to be
designed to resist both (a) and (b) above.

It should be noted that BS 5628: Part 1' requires only 1.5% of the characteristic dead
load to be resisted in (a) above. This is not considered to be adequate, and thus it is
recommended that 2.5% of the total characteristic dead load is used for this purpose.

Figs 5.1 to 5.3 illustrate connections that may be used to provide simple lateral
restraint. In the illustrations floors are generally shown: however, similar details are
applicable to roofs. The effective cross-section of anchors and of their fixings should
be capable of resisting the loads as noted above, assuming a stress equal to the
characteristic yield strength (or its eqivalent) as laid down in the appropriate British
Standard divided by Yw = 1.15. Anchors should be provided at intervals of not more
than 2m in houses of not more than 3 storeys and not more than 1.25m for storeys in
all other buildings. Galvanized mild-steel anchors having a cross-section of 30 X Smm
may be assumed to have adequate strength in buildings of up to 6 storeys in height. All
straps and fittings should be of galvanized or stainless steel.

Simple horizontal restraints

Simple resistance to lateral movement may be assumed in the case of houses of not
more than 3 storeys where timber floor members, spaced apart at a distance of not more
than 1.2m, are connected by suitable joist hangers effectively fixed to the joist. In all
other cases, including buildings of more than 3 storeys, connections of the form
illustrated in Figs 5.1, 5.2 and 5.3 (based on BS 5628: Part | and 3"y will usually provide
simple resistance to lateral movement,

Enhanced horizonal restraints

Enhanced resistance to lateral movement may be assumed where:

(a) floors or roofs of most forms of construction span on to the wall or column from
both sides at the same level, which if positioned at the top of the wall are positively
fixed to the wall with straps on both sides of the wall.

(b) an in situ concrete floor or roof, or a precast concrete floor or roof giving
equivalent restraint, irrespective of the direction of span, has a bearing of at least
one-half the thickness of the wall or inner leaf of a cavity wall or column on to
which it spans, but in no case is less than 90mm

(c) inthe case of houses of not more than 3 storeys, a timber floor spans on to a wall
from one side and has a bearing of not less than 90mm.

Design of horizontal restraints

The engineer should not assume that floors, roofs, etc. provide adequate restraint to a
wall. The engineer should check that the restraining element is capable of transferring
the load to the elements providing stability to the building. Particular attention is drawn
to connections and the use of trussed rafters, where purpose-designed bracing is often
required. The engineer must consider loads in both directions.
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— Alternative strap

positions
J 100mm
min y | -
1 'l
- - E3 B S W s |

100mm 1 S R ] 100 - ; . ¥ {
mm

mint N “L* strap twisted through 90° mnv b - In houses up tg three stgreys

with leading edge aligned no straps required, provided that

the joist spacing is not greater
than 1.2m and joist bearing
is 90mm min

Timber floor bearing

i imber floor bearin
directly onto wall o 9

directly onto wall

= Hanger to beright against wall
— Hanger to be right Alternative strap
against wall 100mm T = positions
! min;:_ / ) |
75mm T * —
min t > i e .
o ] .
Details of typical joist hangers In houses up to three storeys
are shown below no straps required provided
] that the joist is effectively

tied to the hanger

Timber floor using nailed or bolted Timber floor using typical joist hanger
joist hangers acting as tie

Joist hanger Minimum dimensions Joist hanger Minimum dimensions
embedded of ‘tail’ embedded of ‘tail’
in mortar Thickness 3mm in mortar Thickness 3mm

Width to suit joist width Width to suit joist width

Holes for
10mm dia. bolts

Holes suitable for
10 gauge nails

(3.25mm)
150 or 200

depending on
depth of joist

150 or 200
depending on

depth of joist Fifth hole useful in

. . some cases
All dimensions

are in mm

Joist hanger as tie: bolted form Joist hanger as tie : nailed form

Fig 5.1 Connections that may be used to provide simple lateral restraints
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Packing to be provided at straps
and to be secured to joist

)

100mm
min

L

i

C—1

at strap positions
Straps to be carried over at
least two joists

Timber floor abutting
external cavity wall

May be constructed
in concrete

-

Floor screed
T -

Ol
Lﬂt —J S

100mm
min

\
H

L

800mm
or two beams,

whichever is the greater

—

% Beam and pot floor
abutting external cavity wall

Noggin
Gable block inner Packing
leaf on underside

of verge

Galvanised straps at
2000 max centres

100min

Beam filler

Truss roof with straps

Blocking or strutting between joists

100mm
min

Floor screed

\—' L’ strap or atternatively vertical
twist ties built into waltand cast
in slab at 300mm centres

% In-situ concrete floor
abutting external cavity wall

May be constructed
in concrete

Floor screed

100mm
min

800mm min

* Precast units abutting
external cavity wall

* Deflection of floor at junction with watl could
cause screed to crack at strap locations

Runner crossing not less
than five trusses and
bolted to wall

All dimensions are in mm

Fig5.2
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bl

|

Double joist hangers to
tig at appropriate
centres, with typical
hanger in between

(i

:

!

300mm min |

In houses up to three storeys no straps are required
provided that the joist is effectively fixed to the

»

hanger. Such fixing can be assumed if joist hangers
are provided at no more than 2m centres,

to fig

Timber floor using double
joist hanger acting as tie

with typical hangers in between

Timber floor using typical joist hanger

Packing to be provided at
strap positions and to be
secured to joist

&

Blocking or strutting between joists
at strap position. Straps to be
carried over at least two joists

-1 _ Floor ‘i(

screed

77\ a . =l
. n.".
N )

I

Timber floor abutting
internal wall

In-situ floor abutting internal wall

May be constructed
inconcrete

b

Beam and pot floor abutting

internal wall Beam or filling tight
against wall
May be constructed
/ in concrete
fmm t-—~——"—Floor screed ““‘““"l
T
'4\7'/’(7\' R | ‘J(

Precast units abutting
internal wall

46

7

Beam or filling tight
against wall

Fig 5.3
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Vertical lateral supports

Simple resistance to lateral movement may be assumed where an intersecting or return
wall not less than the thickness of the supported wall or loadbearing leaf of a cavity
wall extends from the intersection at least 10 times the thickness of the supported wall
or loadbearing leaf and is connected to it by metal anchors evenly distributed throughout
the height at not more than 300mm centres, and capable of resisting the forces defined
above. The strengths of various types of anchors are shown in Table 4.3.

Enhanced resistance to lateral movement may be assumed where an intersecting or
return wall as described above is properly bonded to the supported wall or loadbearing
leat of a cavity wall.

In all other cases of vertical lateral support, simple or enhanced resistance to lateral
movement may be established by calculation.

5.3.2 Effective height
Walls

The effective height of a wall may be taken as:

(a) 0.75 times the clear distance between lateral supports that provide enhanced
resistance to lateral movement, or

(b) theclear distance between lateral supports that provide simple resistance to lateral
movement.

Particular consideration should be given to the effective height of panels to the first
effective line of restraint.

Columns

The effective height of a column should be taken as the distance between lateral
supports or twice the height of the column in respect of a direction in which lateral
support is not provided. A column is an isolated vertical loadbearing member whosc
width is not more than 4 times its thickness.

Columns formed by adjacent openings in walls

Where openings occur in a wall such that the masonry between any two openings is,
by definition, a column, the effective height of the column should be taken as follows:

(a) where an enhanced resistance to lateral movement of the wall containing the
columnis provided, the effective height should be taken as 0.75 times the distance
between the supports plus 0.25 times the height of the taller of the two openings.

(b) where a simple resistance to lateral movement of the wall containing the column
is provided, the effective height should be taken as the distance between the
supports.

Piers

Where the thickness of a pier is not greater than 1.5 times the thickness of the wall of
which it forms a part, it may be treated as a wall for etfective height consideration;
otherwise the pier should be treated as a column in the plane at right-angles to the wall.

NOTE: The thickness of a pier, 1, is the overall thickness including the thickness of

the wall or, when bonded into one leaf of a cavity wall. the thickness obtained by treating
this leaf as an independent wall.
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5.3.3 Effective length

The effective length of a wall may be taken as:

(a) 0.75times the clear distance between vertical lateral supports or twice the distance
between a support and a free edge, where lateral supports provide enhanced
resistance to lateral movement

(b) the clear distance between lateral supports or 2.5 times the distance between a
support and a free edge where lateral supports provide simple resistance to lateral
movement.

5.3.4 Effective thickness

The effective thickness, f.r, of a wall, a wall stiffened by piers and a column is shown
in Fig 5.4.

When determining the effective thickness of a wall stiffened by intersecting walls,
the appropriate stiffness coefficient may be determined from Table 5.1 on the
assumption that the intersecting walls are equivalent to piers of width equal to the
thickness of the intersecting wall and of thickness equal to 3 times the thickness of the
stiffened wall.

From the geometric properties of a diaphragm wall (/ = moment of inertia: A= area:
r = radius of gyration) its effective thickness can be shown to be equivalent to that of
a solid wall of greater thickness. This confirms the efficiency of such walls in their axial
load carrying capacity. However, in design the cffective thickness of a diaphragm wall
is usually taken as the actual thickness.

5.3.5 Slenderness ratio

The slenderness ratio is the ratio of the effective height or the effective length to the
effective thickness. It should generally not exceed 27, but for walls less than 90mm
thick in buildings of more than 2 storeys it must not exceed 20.

The slenderness ratios of 27 and 20 apply only to walls carrying an imposed vertical
load and can be exceeded for a laterally loaded wall.
I

TSingle—leaf wall TCavily wall Walls stiffened by piers
S ,L, S ,,@ngle-lﬁLm rfﬂty

Column

Py Eﬁ#s& et

I R R R

Effective thickness

rorb, t the greatest of rx K —ﬂhe greatest of
depending on (a) 2/3 (11 + 12) (a) 2/3 (n +K 1)
dircction of or or
bending (b) 1) (byn

or for

()2 K

| where K'is a coefficient from table 5_

J—

Fig 5.4 Effective thickness of columns and walls
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Table 5.1 Stiffness coefficients K for walls stiffened by piers or intersecting walls
Ratio of pier spacing | Ratio #p/t or /12 of pier thickness to actual thickness of wall to which

(centre to centre) to it is bonded
pier width

I 2 ‘ 3
6 1.0 1.4 i 2.0
10 1.0 12 | 1.4
20 o 1.0 | 1.0

Note: linear interpolation between the values given in Table 5.1 is permissible, but not
extrapolation outside the limits given

5.3.6 Eccentricity at right-angles to the wall

It may be assumed that the load transmitted to a wall by a single floor or roof acts at
I/5 of the depth of the bearing area from the loaded face of the wall or loadbearing leaf.
Where a uniform floor is continuous over a wall, each side of the floor may be taken
as being supported individually on half the total bearing area. Where joist hangers are
used, the load should be assumed to be applied at the face of the wall.

The resultanteccentricity of the load at any level may be calculated on the assumption
that the resultant of all vertical loads immediately above a lateral support is axial.

5.3.7 Vertical load resistance
The design should be carried out using the principles given in subsection 5.3.8.

5.3.8 Vertical load resistance of solid walls and columns

The design vertical load resistance per unit length of a single-leaf wall, which may or
may not be stiffened by piers, is:

ti
Py,

where

B is a capacity reduction factor allowing for the effects of slenderness and
eccentricity and is obtained from Table 5.2.
Ym is the partial safety factor for the material
Jx  is the characteristic strength of the masonry
¢t is the thickness of the wall

The design vertical load resistance of a solid rectangular column s given by:

bify
Yin

where

b is the width of the column
t is the thickness of the column

and all other symbols are as given above.
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Table 5.2 Capacity reduction factor, 3

Slenderness | B ) Echu(icilﬂQp of wall, ex : 777777 o
ratio  Aet/tet Up to |
0.05¢ 0.17 0.2¢ 0.3t
| (seemotel) _ ) N S
0 1.00 ‘ 0.88 0.66 0.44
6 .00 0.88 0.66 0.44
8 1.00 ‘ 0.88 0.66 0.44
10 0.97 0.88 0.66 0.44
12 0.93 0.87 0.66 0.44
14 0.89 0.83 0.66 0.44
16 0.83 0.77 0.64 0.44
18 0.77 0.70 0.57 0.44
20 ; 0.70 0.64 0.51 0.37
22 0.62 ‘ 0.56 0.43 0.30
24 0.53 0.47 0.34
26 0.45 0.38
Y A 0.40 ! 0.33 | 3 7 o
NOTES

1. It is not necessary to consider the effects of eccentricities up to and including 0.057.
2. Linear interpolation between eccentricities and slenderness ratios is permitted.
3. The derivation of B is given in Appendix B of BS 5628: Part 1.

The value of B should be chosen as follows:

(a) when the eccentricities about the major and minor axes at the top of the column
are less than 0.056 and 0.05¢. respectively: from the second column of Table 5.2
basing the slenderness ratio on the value of f.r appropriate to the minor axis.

(by when the eccentricities about the major and minor axes are less than 0.056 but
greater than 0.05¢, respectively: from Table 5.2, using the values of eccentricity
and slenderness ratio appropriate to the minor axis.

(c) when the eccentricities about the major and minor axes are greater than 0.055 but
less than 0.057, respectively: from Table 5.2, using the value of eccentricity
appropriate to the major axis and the value of slenderness ratio appropriate to the
minor axis.

For eccentricities about the major and minor axes greater than 0.056 and 0.05¢,
respectively: calculate the additional eccentricities using BS 5628: Part | ! Appendix B.

5.3.9 Vertical load resistance of cavity walls and columns

Where in a cavity wall the load is carried by one leaf only, the loadbearing capacity of
the wall should be based on the horizontal cross-sectional area of that leaf alone,
although the stiffening effect of the other leaf can be taken into account when calculating
the slenderness ratio.

When the applied vertical load acts between the centroids of the two leaves of a cavity
wall or column, it should be replaced by statically equivalent axial loads in the two
leaves. Each leat should then be designed to resist these calculated axial loads again
taking into account the stiffening effect of the other leaf.
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5.3.10 Eccentricity in the plane of the wall and shear wall

The eccentricity in the plane of a single wall can be calculated from statics alone (Fig
5.5). Where a horizontal force is resisted by several walls it may be distributed between
the walls in proportion to their flexural stiffnesses about an axis perpendicular to the
direction of the force.

The forces in the walls may be determined by an appropriate elastic analysis.
Connections for transmitting the horizontal force to the walls should be properly
designed.

5.3.11 Horizontal shear resistance

The resistance to shear forces may be assumed to be adequate if the following
relationship is satisfied:

f

V;, < EAN
Yrrl

where

Vi is the shear stress produced by the horizontal design load calculated as acting
uniformly over the horizontal cross-sectional area of the wall

Ym is the partial safety factor for material strength in shear

fv s the characteristic shear strength of the masonry (see subsection 4.3.3).

Horizontal
loads

AN

Intensity of load
L/_ along fength of wall

Fig 5.5 Load distribution from loading eccentric to plane of wall
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5.4 Walls subject to lateral loading

Walls subject to lateral loading may be designed either by using the wall panel bending

moment coefficients given in Table 5.3 for 2-way spanning walls or by following the

analysis guidance given in subsections 5.4.4 and 5.4.6 for 1-way spanning walls. An

extended set of tables is available in The Concrete Masonry Designer’s Handbook.”'
The design moment of resistance for laterally loaded walls is given by:

Jis
—z
'Ym

where

Jkx s the characteristic flexural strength appropriate to the plane of bending (i.c.
Jikx1 OF fix2 from Table 4.2)

Ym is the partial safety factor for materials
7 is the section modulus of the wall profile.

5.4.1 Limits on wall panel sizes (to be applied when using Table 5.3)

For laterally loaded panels in mortar designations (i) to (iii) dimensions must not exceed
the following:

(a) Panel supported on three sides:
(i) 2 or 3 sides continuous:
height X length < 15007
(ii) all other cases
height x length < 13507
where 1.1 is the effective thickness
(b) Panel supported on all four sides:
(1) 3 or 4 sides continuous
height X length < 2250¢
(ii) all other cases:
height X length < 20507
In (a) and (b) height or length 50z.¢

(¢) Panel simply supported top and bottom

height < 40t.y, where the effective thickness is defined as for vertically loaded
walls.

Examples of continuous and simple edge conditions are shown in Fig 5.6.
It should be noted that the 507 and 40¢.; dimensions exceed the slenderness ratios
quoted in subsection 5.3.5 for vertically loaded walls.

5.4.2 Direction of span and support conditions

Masonry is an anisotropic material. When used in its unreinforced form and subjected
to bending, it has a greater flexural strength if the potential failure plane is
perpendicular, rather than parallel, to the bed joints. As wall units are commonly laid
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_Table 5.3 Bending moment coefficients in laterally loaded wall panels

NOTES:
1. Linear interpolation of U and #/L is
permitted.
2. When the dimensions of a wall are K.
outside the range of /L given in this o
table, it will usually be sufficient ot A #
calculate the moments on the basis of a ,_I_, o
simple span. For example, a panel of h -
type A having #/L less than 0.3 will tend
to act as a freestanding wall, whilst the T
same panel having //L greater than 1.75 WW+WQ‘
will tend to span horizontally. L r
3. See Fig 5.6 for restraint conditions ! L o
Key to support conditions
Denotes free edge
Léssssze Simply supported edge { u Values of o
XXX, An edge over which full 1%/3
continuity exists T
0.30 10.50 10.75|1.00 | 1.25 | 1.50 | 1.75
1.00 10.0310.045]0.059| 0.0710.079/0.085] 0.090
0.90 0.032(0.047/0.061]0.073]0.081{0.087] 0.092
0.80 10.0340.049) 0.064) 0.075) 0.083)0.089) 0.093
0.70 [0.035]0.051/0.066|0.0770.085}0.091|0.095
A 0.60 [0.038]0.053/0.069] 0.080; 0.088| 0.093|0.097
0.50 [0.040|0.056/0.073| 0.083) 0.090|0.095/0.099
; £ 0.40 0.043]0.061]0.077/0.087|0.093 0.0‘)810‘101
0.3510.04510.064| 0.080|0.089|0.095{ 0.100, 0.103
. 0.30 10.04810.067)0.082{0.091:0.097]0.101]0.104
1.00 |0.0240.035]0.046| 0.053| 0.059| 0.062| 0.065
0.90 [0.025]0.036]0.047,0.055| 0.060| 0.063| 0.066
; 0.80 10.0270.037/0.049|0.056| 0.061|0.065!0.067
I 0.70 10.02810.039/0.051/0.058/ 0.062 0.066| 0.068
B § 0.60 | 0.030|0.042(0.053;0.059] 0.064{0.067|0.069
X 0.50 |0.031]0.044/0.055|0.0610.066/0.069| 0.071
E( 0.40 10.03410.047|0.057) 0.063] 0.067| 0.070 0.072
0.35 0.035]0.049/0.059/0.065]0.068[0.071/0.073
0.30 10.037|0.051[0.061|0.066|0.070|0.072{0.074
1.00 10.0200.028|0.037|0.042}0.045/0.048| 0.050
0.90 {0.0210.029(0.038| 0.043|0.046(0.048| 0.050
K 0.80 0.0220.031/0.039/0.043(0.047/0.04910.051
% 0.70 :0.023 | 0.032| 0.040, 0.044| 0.0481 0.050, 0.051
c X 0.60 10.024|0.034/0.041]0.046/0.049] 0.051 0.052
; 0.50 [0.025]0.035/0.043]0.047] 0.050] 0.052/ 0.053
S ; 0.40{0.027 [0.038 0.044/0.048| 0.051| 0.053] 0.054
0.35 (0.0290.039/0.045|0.049|0.052(0.053; 0.054
o 0.30 10.030 10.040 | 0.046 | 0.050 | 0.052|0.0540.055
1.00{0.013 | 0.021/0.029;0.035; 0.040, 0.043| 0.045
0.90 10.014]0.022/0.031/0.036| 0.040, 0.043| 0.046
0.80 '0.01570.023|0.032/0.038] 0.041] 0.044| 0.047
0.70 0.016|0.025/0.033]0.039/ 0.043| 0.045| 0.047
D ; 0.60 {0.017|0.026{0.035| 0.040| 0.044( 0.046[0.048
X 0.50 {0.01810.028|0.037]0.042{0.045[0.048| 0.050
T >< 0.40 10.020/0.031{0.039/0.043(0.047]0.049| 0.051
0.35 0.02210.032 0.040 0.044]0.048} 0.050, 0.051
B L 0.30 [0.02310.034 | 0.041 ]0.04610.0490.051 | 0.052
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Table 5.3 (continued) Bending moment coefficients in laterally loaded wall panels

u

Values of a

WL

0.30

0.50

0.75

100] 1.25 [ 1.50] 175

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30

0.008
0.009
0.010
0.011
0.012
0.014
0.017
0.018
0.020

0.018
0.019
0.021
0.023
0.025
0.028
0.032
0.035
0.038

0.030
0.032
0.035
0.037
0.040
0.044
0.049
0.052
0.055

0.042/0.051{0.059/0.066
0.044/ 0.054| 0.062( 0.068
0.046 0.056| 0.064| 0.071
0.049/0.0590.067| 0.073
0.053/0.062. 0.070/0.076
0.057/0.066] 0.074 0.080
0.062/0.071/0.078; 0.084
0.064/0.074| 0.081{0.086
0.068|0.077|0.083 | 0.089

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30

0.008
0.008
0.009
0.010
0.011
0.013
0.015
0.016
0.018

0.016
0.017
0.018
0.020
0.022
0.024
0.027
0.029
0.031

0.026:
0.027
0.029
0.031
0.033
0.036
0.039
0.041
0.044

0.034/0.041/0.046/ 0.051
0.036] 0.042/0.048| 0.052
0.037;0.044/0.049| 0.054
0.039/0.046: 0.051|0.055
0.042(0.048 0.053(0.057
0.044{0.0510.056!0.059
0.048] 0.054(0.058; 0.062
0.050/0.055| 0.060| 0.063
0.052]0.057 | 0.062 | 0.065

Pe00.9.9.9"a "'\

77777777 Y

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30

0.007
0.008
0.008
0.09
0.010
0.011
0.013
0.014
0.016

0.014
0.015
0.016
0.017
0.019
0.021]
0.023
0.025
0.026

0.022
0.023
0.024
0.026
0.028
0.030
0.032
0.033
0.035

0.028;0.033/0.037| 0.040
0.029{0.034/0.038| 0.041
0.031]0.035/0.039,0.042
0.032]0.037) 0.040,0.043
0.034{0.038| 0.042(0.044
0.036/ 0.040 0.043{0.046
0.038/0.042| 0.04510.047
0.039]0.043| 0.046/ 0.048
0.0410.044]0.047 | 0.049

XXX

XX IKKINNAARX

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
030

0.005
0.006
0.006
0.007
0.008
0.009
0.010
0.011
0.013

0.0t1
0.012
0.013
0.014
0.015
0.017
0.019
0.021
0.022

0.018
0.019
0.020
0.022
0.024
0.025
0.028
0.029!
0.031

0.024:0.029/0.0330.036
0.0250.030/ 0.034/0.037
0.027/0.032 0.0350.038
0.0280.033]0.037 0.040
0.0300.035(0.038| 0.041
0.032/0.036/ 0.040| 0.043
0.034/0.039| 0.042|0.045
0.036| 0.040] 0.043|0.046
0.0370.041|0.044|0.047

X XN SO X OO,

KX XXX RKSOSEARRA>

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35

0.004
0.004
0.005
0.005
0.006
0.007
0.008
0.009

0.300.010

0.009
0.010)
0.010,
0.011
0.013
0.014
0.016
0.017

0.015
0.016
0.017
0.019
0.020
0.022
0.024
0.026

0.019

0.028

0.021,0.026: 0.030,0.033
0.022/0.027.0.031;0.034
0.023]0.028]0.032:0.035
0.025/0.030 0.033;0.037
0.026/0.031]0.035|0.038
0.028)0.033|0.037| 0.040
0.031]0.035/0.039| 0.042
0.032]0.037;0.040,0.043
0.034]0.038]0.042|0.044
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Table 5.3 (continued) Bending moment coefficients in laterally loaded wall panels

Key to support conditions
Denotes free edge
LLLer L Simply supported edge

XX XX, An edge over which full
continuity exists

R

pa

}-»(l

na

NS e

>

L

Values of o

WL

0.30

0.50

0.75 | 1.00

1.25

1.50

1.75

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30

0.009
0.010
0.012
0.013
0.015
0.018
0.021
0.024
0.027

0.023
0.026
0.028
0.032
0.036
0.042
0.050
0.055
0.062

0.046/0.071
0.050|0.076
0.054| 0.083
0.060/ 0.091
0.067] 0.100
0.077/0.113
0.090 0.131
0.098] 0.144
0.108]0.160

0.096
0.103
0.111
0.121
0.135
0.153
0.177
0.194
0.214

0.122]
10.131
0.142]
0.156
0.173
0.195
0.225
0.244
0.269

0.151
0.162
0.175
0.191
0.211
0.237
0.272
0.296
0.325

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30

0.009
0.010
0.011
0.012
0.014
0.016
0.019
0.021
0.024

0.021
0.023
0.025
0.028
0.031
0.035
0.041
0.045
0.050

0.0380.056
0.041) 0.060,
0.045/0.065
0.049]0.070,
0.054]0.077
0.061/0.085
0.069]0.097
0.075]0.104
0.082]0.112

0.074
0.079
0.084
0.091
0.099
0.109
0.121
0.129
0.139

0.091
0.097
0.103
0.110)
0.119
0.130]
10.144
0.152
0.162

0.108
0.113
0.120
0.128
0.138
0.149
0.164
0.173
0.183

XX

1.00
0.90
0.80
0.70
0.60
0.50
0.40
0.35
0.30

0.006
0.007
0.008
0.009
0.010
0.012
0.014
0.016
0.018

0.015
0.017
0.018
0.021
0.023
0.027
0.032
0.035

0.039]

0.029|0.044
0.032/0.047
0.034{0.051
0.038)0.056
0.042/0.061
0.048|0.068
0.05510.078
0.060] 0.084]
0.066|0.092

0.059
0.063
0.067
0.073
0.080
0.089
0.100
0.108
0.116

0.073
0.078
0.084
0.090,
0.098
0.108
0.121
0.129
0.138

0.088
0.093
0.099
0.106
0.115
0.126
0.139
0.148
0.158
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on their bed face then the two flexural strengths described above relate to ‘horizontally
spanning’ (fix2) and “vertically spanning’ (fix() walls respectively. It is usually more
economic to span masonry walls horizontally. Values of fi« and fix» may be obtained
trom Table 4.2.

The ultimate strength of the panel as a flexural member is governed by the capacity
of the masonry toresist flexural tension. Any precompression present as aresult of axial
vertical loading will enhance the vertical spanning resistance of the wall to lateral
loading. This enhancement of the vertical load carrying capacity will also influence the
orthogonal ratio of the wall which is discussed in subsection 5.4.3

Continuous

Continuous
‘ Simple l l

Column

(a) Metal ties to columns. Simple support: direct
force restraint limited to values givenin table 5.1 (b) Bonded return walls. Restrained support:direct
force and moment restraint limited by tensile
strength of masonry as given in Table 4.2

Simple
\ Continuous )
Piers

Simple

(¢c) Metal ties to columns or unbonded return walls.
Shear and possibly moment restraint. Shear limited
to values given in Tabie 5.1

(d) Bonded to piers. As (b) for intermediate
pier, as {a) for end pier

N Shear and moment restraint; limited
by flexural and shear resistance
of brickwork

Shear restraint; simple support or
moment restraint at discretion of
designer

Shear and moment resistance;
4‘/— limited by d.p.c materiatand
by vertical load

(e) In-situ floor slab cast on to wall span
parallel to wall

(f) (1) Precast units spanning paraliel to wall
(2) Walls solidly pinned up to structure above

Norestraint (i.e free edge)

_J;A_ -éL

(g) Wall built up to but not pinned to structure above (h) Similar to (g) with suitable anchors

Shear restraint; simple support
limited by strength of anchors

Fig 5.6 Continuous and simple edge conditions
8 &
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In some situations, where the masonry carries significant vertical loads, a check on
compressive stresses will also be required.

The effects of any eccentricities in the vertical loads should also be considered. since
they will induce additional moments into the masonry.

Vertical junctions between a panel under consideration and return walls or columns
may be fully bonded, tied or untied. Examples of such junctions and how they should
be considered are shown in Fig 5.6. In acavity wall, continuity across a vertical junction
may be assumed even if only one leaf is continuous over the column, provided that the
cavity wall contains the recommended spacing of ties and that it is the thicker leaf that
is continuous.

Horizontal supports at the top and bottom of a panel can be continuous or simply
supported. If no support is available, the panel is considered to have a free edge. Some
examples of different types of horizontal support are shown in Fig 5.6.

The effects of dpes need to be considered in laterally loaded masonry. Their presence
complicates the design since they generally act as a discontinuity in a laterally loaded
wall. Some continuity is, however, still possible because of gravity structural action,
which will be considered later. Otherwise, a simply supported edge should be assumed.
If the dpc has insufficient shear resistance, a free edge must be assumed.

The effects of movement joints need to be considered. Vertical movement joints may
be tied or untied. An untied joint should be treated as a free edge. A tied joint may be
sufficient to transfer shear but it is unlikely to be capable of transferring moment, and
therefore at best should be treated as a simply supported edge.

Two vertical movement joints acting as free edges result in the panel spanning
vertically. i.e. in its weaker direction. It is more efficient to use the horizontal spanning
capability of masonry, and therefore it is preferable to position the vertical movement
joints at vertical support locations.

A horizontal movement joint at the top of a panel can be considered as either a free
edge or a simply supported edge depending on the detail adopted, as full continuity is
generally not easily achieved. Simple support can be achieved by provision of suitable
floor restraint, by means of direct shear, ties or sliding anchors.

Consideration should be given to the ability of wall ties to transmit compression
across the cavity (see Table 4.3).

5.4.3 Two-way spanning walls

BS 5628' recommends that the bending moments are derived by yield-line theory. For
panels without openings, the bending moments are:

ochnyl, when the plane of failure is perpendicular to the bed joints, and

uochnyz, when the plane of failure is parallel to the bed joints

where

o is a coefficient taken from Table 5.3
Wi is the characteristic lateral load
is the length of the panel between supports, and

1 is the ratio of flexural strength when failure is parallel to the bed joints to the
flexural strength when failure is perpendicular to the bed joints (e.g. for
concrete bricks in designation (iii) mortar:

03
0.9
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Equals

or

T

Fig 5.7 Examples of subdivision of panel with openings

The guidance given above on the design of laterally loaded panels without openings is
based on recent research, in which mainly rectangular panels, without openings, were
tested. When irregular shapes of panel, or those with substantial openings, are to be
designed. it will often be possible to divide them into subpanels, which can then be
calculated using the rules given above (see Fig 5.7). Alternatively, an analysis, using a
recognised method of obtaining bending moments in flat plates, e.g. finite element or
yield line, may be used, and these can then be used instead of the moments obtained
from the coefficients given in Table 5.3.

Small openings in panels will have little effect on the strength of the panel in which
they occur, and they need not be taken into account. Some guidance is given in clause
18.4.2.1 of BS 5628: Part 3'. More detailed guidance may be obtained from PSA Civil
Engineering technical guide no 457

5.4.4 One-way spanning walls

Walls spanning vertically may be treated as simply supported at the top and partially
fixed at the base. The partial base fixity is generated by the gravity action of the self-
weight of the wall and any permanently imposed dead loads on it. The wall is therefore
considered as a ‘cracked section’ and in the circumstances no additional tensile strength
should be taken into account at this level.

The resistance moment at the base, generated by gravity action, is termed the stability
moment of resistance, MR.. If MR exceeds Wy yih'/8, that of a propped cantilever. the
wall should be designed as a propped cantilever (Fig 5.8).

The moments of resistance at the base and within the wall height are calculated as
follows.
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Wi is the characteristic wind load
Y is the partial safety factor for loads
his the height of the panel
but
h < 40 1.1 for simple support conditions
h < 45 tef for a propped cantilever
h < 50 tet for continuous support conditions
where 1.y is the effective thickness of the wall panel.
Fig 5.8 Moment diagrams for vertically spanning walls
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Fig 5.9 Stability moment of resistance at base of wall
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The stability moment of resistance at base of wall is shown in Fig 5.9 where

Gk 1s the characteristic dead load

Yr  is the partial safety factor for loads

Sk is the characteristic compressive strength of masonry
Ym is the partial safety factor for materials

X is the lever arm

Ws is the width of stressed area

Stability moment of resistance at base
MRy=Gxyrly

The minimum width of wall (W,) is stressed to ultimate (1. 1 fi/ym, as derived in BS 5628:
Part 1'. Appendix B) to create the maximum lever arm about which the dead load of
the wall rotates to generate the maximum stability moment of resistance.

Within the height of the wall, the design moment of resistance is given by

/k.\]
Md = |7 +g&u
[Ym

where

Jikx1 1s the characteristic flexural strength of masonry bending about an axis
parallel to bed joints

Ym Is the partial safety factor for materials

gd 1s the design vertical dead load per unit area

Z  is the section modulus of the wall profile.

In calculating Gk and gg, account should be taken of any uplift forces due to the wind
loading on the roof of the building.

In practice, where fixity is developed by dead loads other than the self-weight of the
wall, the wind load is generally unlikely to be critical. This might occur in a multistorey
structure where fixity may be developed at the top of the storey height because of the
stability moment of resistance across the ‘cracked section’ that results from the loads
supported from above. The condition described in Fig 5.8 relates to a single-storey
structure or the top storey in a multistorey building.

The design analysis relating to Fig 5.8 is at variance with clause 36.9.1(b) and (¢) of
BS 5628, Part 1" but is considered to provide a more realistic solution. Clause 36.9 of
BS 5628, Part ' does not restrict the applied base moment to that of a propped cantilever
but does impose an additional “cracked section’ check for stability in the height (upper
level) of the wall.

Walls spanning horizontally are treated in a similar manner: in the formulae and
limitations outlined earlier in this subsection substitute L for i (where L is the length
of the panel). use fi«2 (bending perpendicular to the bed joints); always take gq as zero.
There is no base stability moment to take advantage of, although if the wall is continuous
across its vertical supports it may be possible to design it as a continuous beam. It is
important to check that the location of vertical movement joints (particularly in concrete
blockwork walls) has been considered in the analysis of continuous beam bending
moments.

BS 5628: Part I' suggests, in clause 36.4.4, the development of lateral load resistance
through the in-plane arching action of a wall panel. Shrinkage effects in concrete
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blockwork and potentially inadequate frame support details, etc. can make this method
of analysis unreliable, and it is not, in general, recommended.

5.4.5 Cavity walls

Provided that the wall ties used are capable of transmitting the compressive forces to
which they are subjected, the design lateral strength of a cavity wall may be taken as
the sum of the design strengths of the two individual leaves.

5.4.6 Geometric walls

The design procedure for geometric walls, such as diaphragm and fin walls (see Figs
5.10 and 5.11), is essentially the same at that given in subsection 5.4.3 for vertically
spanning walls. The geometric profile of the wall provides considerable enhancement
to its resistance to lateral load at base level, with an increased lever arm for the
gravitational mass, and within the wall height, with an increased section modulus to
minimise tensile stresses.

In assessing the section modulus of a geometric wall, the outstanding length of flange
from the face of the fin or crossrib should be taken as 4 times thickness of flange
when the flange is unrestrained or 6 times thickness of flange when flange is
continuous, but in no case more than half the clear distance between fins or crossribs.
Further information on geometric wall design may be obtained from reference 21.

A suggested design procedure applicable to both diaphragm and fin walls is:

(a) calculate loadings (dead, imposed and wind)

(b) select trial section of wall profile and masonry strength; suggested trial section
selection procedures for both diaphragm and fin walls are given in subsection 5.4.7

(¢) calculate applied bending moment at base of wall and compare with stability
moment of resistance MR,

(d) calculate position and magnitude of maximum applied bending moment within
height of wall and compare with flexural resistance of wall at this level

(e) calculate shear stresses at junctions of crossribs (in diaphragm walls) and
fin/flange (in fin walls); guidance is given in subsection 5.4.8 in respect of the
shear calculation for a diaphragm wall

(f)  designshearties or calculate shear resistance of the bonded masonry at these shear
interfaces

NOTE: because of the nature of differential movements between clay bricks and
concrete blocks/bricks the mixing of these units within geometric wall profiles should
be considered with caution.

Inner leaf of cavity wall

Tied crossribs with Bonded crossribs is ignored in calculating
with designed shear transfered section properties
steel shear ties through masonry l
yZz ]
Lt T 1 ] T T T I3
I;I L {
[
L 1T° 1T [T T T T T [

Section properties based on a series of

ected 1 secti or box i . .
conn ections ox sections Section properties based on T-profile of tin

bonded to outer leaf of cavity watl

Fig 5.10 Typical diaphragm wall section Fig 5.11 Typical fin wall section
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Height (m)

The design procedure is one of trial and error and guidance is given in subsection
5.4.7 on the selection of trial sections for full analysis.

5.4.7 Trial sections

The symmetrical profile of a diaphragm wall permits the development of a direct route
to a trial section which considers the two critical conditions that exist in the *propped
cantilever” action of the analysis.

Condition (i) exists at the base of the wall where the applied bending moment at this
level must not exceed the stability moment of resistanceof the wall.

Condition (ii) exists at approximately 34/8 down from the top of the wall where the
flexural tensile stresses are a maximum and must not exceed those allowable through
calculation.

Two graphs have been plotted (Figs 5.12 and 5.13) relating to these two conditions
and for various values of wind loading Wi.

Then, for a known wall height and wind pressure, values of K> and Z may be read
off Figs 5.12 and 5.13 and, using Table 5.5, the most suitable section can be obtained
for full analysis. It should be remembered that the two trial section graphs have been
drawn assuming fixed conditions for a number of variable quantities, namely:

(a) wall acts as a true propped cantilever

(b) dpc at base of wall cannot transfer tension

(¢) vertical roof loads (downward or uplift) are ignored

(d) ymistakentobe 2.5

(e) fix s taken to be 0.4N/mm

(f)  density of masonry is taken to be 20kN/m’

(g) K> values calculated using approximated lever arm method.

NOTE: The trial section graphs below are based on the loading combination of dead

plus wind for which the partial safety factors on loads, (gf) are taken as 0.9 and 1.4
respectively

Na o ©
g & 'IQ‘_\ /P‘." /,Q\" //Q‘f’ /IQ@’ /'Q‘_\ p
NS A QY QY QEQ
15 7 15 T -
14 7 7 14 LA -
13 4 1/ 13 4 // I[/
12 / / 12 A ///
1 / / 74 A 1 / Vaba
. VY TV V 9 1A/
- 7 ¥
R mYiYi4 t . 7
7 L1/, z 7 V/
6 VA A 9 4 ,///
5 ;zr T /74
ARERY :
3 3
2 2
1 1
0 0
05 1.0 15 2.0 25 0 10 20 30 40 50 60 70
Ky (kN/m) Section modulus Z (1073 m3/linear m)

Fig 5.12 Diaphragm wall trial section:  Fig 5.13 Diaphragm wall trial section:
condition (i) condition (ii)
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Figs 5.12 and 5.13 should be used only for the purpose of obtaining a trial section, and
a full analysis of the selected section should always be carried out.

Because of the asymmetrical shape of the fin wall it is not possible to derive a direct
route to a trial section; however a trial section can be reasonably obtained by providing
a section that has a stability moment of resistance MR, at the level of MB, equal to
Wk|LH2/8 under wind pressure loading Wy, i.e. when rotation at the base of the wall is
about the face of the flange. For the purpose of the trial section assessment, the stability
moment of resistance can be simplified to QH, where Q = trial section coefficient from
Table 5.5.

5.4.8 Shear analysis

The shear stress at the crossrib/flange interfaces of a diaphragm wall is calculated as
illustrated in Fig 5.14. A similar analysis method may be developed for other geometric
profiles.

i T
B

|- -
—’J'w F_ ? Shear stress

distribution

Fig 5.14 Diaphragm wall - shear analysis

‘ : VAY
Vertical design shear stress, v = }4]7‘

where
V' is the design shear force =¥ X characteristic shear force
A isthe effective flange area=B X1
b =t
I isthe second moment of area of effective section

The vertical shear resistance at the interface of the crossrib and flange is provided either
by the bonded masonry for which characteristic shear strengths are given in subsection
4.3.3 or by metal shear connectors, the size and spacing of which should be calculated:
125 8v
~087f,

where
r is the width of connector
u 1s the thickness of connector
tw 1s the width of masonry section in vertical shear
S is the vertical spacing of connectors
v is the design vertical shear stress on masonry section (as calculated above)
fy s the characteristic tensile strength of connector
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Table 5.5 Fin wall - section properties -
_apble > wall - Sec ‘

references A - H

— ——

Fin reference A . C F‘D E | F G ' H

Fin size (mm) 665 | 665 | 778 | 778 | 890 | 890 | 1003 | 1003
X X X X X X X

) , | 327 | 440 | 327 | 440 | 327 | 440 | 327 | 440

Effective width | 1.971 | 2.084 | 1971 | 2.084 | 1.971 \ 2.084 | 1971 | 2084

offlange(m) | | 1 \ : )

Neutral axis ¥) | 0455 | 0435 | 0522 ' 0.500 \ 0.589 | 0563 | 0.654 | 0.626

Neutral axis Y2 | 0.210 | 0.230 | 0256 | 0.278 | 0301 0327 | 0.349 | 0377

m) | I B ) I I

Effectivearea | 0.386 | 0.4611 | 0.4262 | 05152 | 0.4595 | 0.5601 | 0.4965 | 0.6098

(m~) _ |

ow. of effective | 7720 | 9222 | 8458 | 10.216 | 9.190 | 11202 9930 12196

area per m | .

height W (kN) | | J \

Ina (m*) '0.01567 0.01939  0.02454] 0.0303 | 0.0359 ' 0.04426 0.05021 ; 0.06187

INa |

Zi(m 0.03441| 0.0445 | 0.04684 | 0.06059 0.06096 | 0.07862 | 0.07677 | 0.09883

Zo(m) 0.07462| 0.0843 | 0.0966310.10898 | 0.11928 | 0.13536 0.14387[0.16410

Trial section 1.6212 | 2.1210 | 2.1483 | 2.840 | 2.7662 | 3.6631 | 3.4656 | 4.5978

coefficient £

(kNm/m) | , S S DU

‘Table 5.5 (continued) Fin wall - section properties - references J - R
L M N P

Fin reference I | K ) L Q R
Fin size (mm) 1115 1115 1227 . 1227 1339 1339 1451 1451
X X X X X X X X

| 327 440 | 327 440 327 440 327 | 440
Effective width 1.971 2.084 1.971 2.084 1.971 \ 2.084 1.971 2.084
offlange (m) R S — :
Neutral axis ¥} 0.718 | 0.687 | 0.780 | 0.747 ; 0.841 | 0.807 | 0.902 ‘ 0.866
w o | .
Neutral axis Y2 0.397 | 0428 | 0447 | 0.480 ‘ 0.498 = 0.532 ‘ 0.549 | 0.585
o] I SRR R
Eft;ective arca 0.5331 1 0.6591 | 0.5697 | 0.7084 | 0.6064 | 0.7577 | 0.6430 | 0.807
my) 1 S S

ao.w. of eftective |

10.662 | 13.182
area per m \

[0.08312] 0.088 ‘ 0.10848

11.394

12,128 15.154  12.860

\ 16.140

10.11282]0.14522

0.11208 0.13826/ 013992017277
0.13327/0.171320.15513] 0.1995

height W (kN)

: 3 1 7
Txa (m) 10.06746
Zim)  [0.09395]0.12099
Zom') 10.16992/0.19421
Trial section 42328 | 5.6419
coefficient
(kNm/m) 7 o

Ina Ina

=4 =

Ty =

Trial section coefficient Q = W Y>
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0.19687| 0.226 10.2250610.26039 | 0.25487 | (.2953

5.0931 | 6.8006 | 6.0397 | 8.0619 * 7.0601  9.4419

L S H R S B
/angefcce




5.4.9 Design loading cases

The diaphragm wall, being a symmetrical profile, is relatively straightforward to
analyse. The fin wall, being asymmetrical, requires more careful analysis for the
2-directional loading cases of wind pressure and wind suction. Both loading directions
require analysis at base level and within the height of the fin wall. The centres of the
crossribs or of the fins may be dictated by the capacity of their flanges to span
horizontally between them and this is an essential check in the design process.
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6 Details and construction

6.1 Sequence of building and how it affects design

As with all structures, the construction details should be considered at the design stage.
Most loadbearing masonry buildings rely for stability on items installed later, such as
floors and roofs. The design should avoid (if possible) excessively slender or
unbuttressed members that, although stable in the finished building, may require
temporary propping during construction.

6.2 Types of walls
6.2.1 Solid walls

Half-brick or block walls are usually in stretcher bond, and full-brick walls in a mixture
of headers and stretchers (e.g. English or Flemish bonds) to give proper bonding in both
the length and thickness of the wall.

Where solid walls are to be built of two skins in stretcher bond and it is intended that
the two skins act as a composite wall, metal ties or reinforcement across the ‘collar’
joint between the two skins are required to connect them. The collar joint should be
solidly filled with mortar as the work proceeds. Limits are placed on the thickness of
the skins etc. (see clause 29.5, BS 5628"). In the case of a collared wall in blockwork
its strength should be reduced from fi to 0.9f.

6.2.2 Cavity walls

Each leaf of a cavity wall may be of brick or of block and should not be less than 75mm
thick. The width of the cavity will normally be 50mm, but where wider cavities are
required to accommodate cavity insulation, the cavity width may be up to 150mm.
Where either of the leaves is less than 90mm thick the cavity should not be wider than
75mm.

The two leaves of the cavity wall should be tied together by metal ties. The selection
of wall ties is given in Table 3.5 and their recommended spacing in Table 6.1. At the
sides of openings and at free ends, vertical spacing of the ties should be reduced to
300mm and within 225mm of the end of the wall or opening (Fig. 6.1).

The minimum embedment of the ties in the mortar should be 50mm in each leaf.

6.3 Lateral restraints, straps and ties

Details at points of horizontal or vertical lateral restraint should be examined so that
requisite support and strength is achieved.

Section 3.6 describes the requirements for restraining straps or ties and holding-down
straps.

6.4 Mixing of framed construction and loadbearing
masonry

This mixing falls broadly into three situations. The first situation is where the framed
construction and the loadbearing masonry parts of the structure are structurally
independent of each other. In this case, there is simply the need to provide adequate
separation to accommodate relative movements between the two structural systems.
These movements arise from thermal or moisture changes, loading causing sway or
differential settlement.
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Table 6.1 Wall ties according to BS5628: Part 1%
(A)Jﬁgaumj'ot ties according to BS 5628: Part I
L

Least leaf” | Type ot tie Cavity ; Equivalent ) o N
1hicknc§s width no. of ties Horizontally Vertically
(one of per square
Wbmh)jmm) mm) metre mmy D mmy
65 10 90 All 50t0 75 450 ‘ 450
_90or more [SeeTable 3.5] 50to 150 900 ) 450
(B) Selection of ties o .
o o pc of tie in | BS 1243 Cavn[y width (mm
Inugasmg t |Increasing flexibility and| - Vertical twist_ L Is0orless
strength ' |sound insulation ‘ _ Double triangle _% 75 or less
. o v _Butterfly ' TSorless _

* ThL current Bunldnw Regulations section A1/2 suggests a horlzontdl spacing of 750mm for a
cavity width of 75 to 100mm. It should be noted that section A1/2 applies to residential
buildings, small single-storey non-residential buildings and small annexes to residential
buildings. It is based on low strength bricks and blocks

450
B

i)

; 450
[ =4

[=aNT}

=N

£

% 3

™ 450
C x

=70

—~ O

23

450

450

—

450 or 900
Extra ties at jambs
of openings

NOTE: This figure is based on the recommendations of BS 5628: Part 3. The NHBC
Standard recommends the extra ties at jambs of openings to be within 150mm of the
opening. All dimensions are in mm.

Fig 0.1 Spacing of ties at openings
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The second situation arises where one tform is built on top of the other, and the two
constructions can be easily separated. e.g.:

(a) apenthouse flat may be built in loadbearing masonry on top of an office block in
framed construction

(b) the upper floors of a block of flats may be built in loadbearing masonry on a
ground floor of framed construction where other considerations dictate an open-
plan solution (podium construction).

The third situation is where the frame construction and the loadbearing masonry
construction each provide essential structural support to the other. If such a solution is
contemplated. it is important to consider the following points:

(a) structural stability during the construction

(b) the interdependence of the two systems; this should be noted on the drawings,
especially where it is not completely obvious, and where there is the possibility
of structural alterations in the future that might affect stability

(c) relative movements, from whatever cause, of the mixed systems

(d) two different trades working simultaneously may confuse the sequence of work:
savings in material costs may therefore not resultin overall savings in construction
COsts.

6.5 Overhangs, corbels, cornices: difficulties with
suspending bricks from ironmongery

Such details are usually expensive to construct. Simple details are often better and
cheaper. It is important to consider construction tolerances when formulating details,
although simplicity in detailing should be the aim. Details using special ironmongery
items that allow for large tolerance in all directions are usually expensive. Such
ironmongery will usually have little cover/protection to weather, and to enhance
durability should be of stainless steel. It is important to consider the design effects of
such details, e.g. are moments applied to the masonry?

6.6 Bonding and coursing

Forboth vertical and lateral loading the structural integrity of the masonry depends on proper
bonding: each masonry unit should overlap the one below by not less than one-quarter of
its length. When the design is based on lesser bonding (e.g. stack bonding) bed-joint
reinforcement should be introduced (stainless steel in external walls). Bed-joint
reinforcement can also be used to control cracking arising from the influence of openings,
deflections, etc. (NB: reinforced masonry is not covered in this Manual).

The proper bonding of piers, buttresses and fins should also be considered if
continuous perpend joints are to be avoided. Straps, ties or bed-joint reinforcement may
be used in lieu of bonding where non-loadbearing walls abut loadbearing masonry.

Cut bricks or blocks in loadbearing construction are undesirable. The clear storey
heights, between floors, of walls, piers or columns should be a multiple of the
coordinated size of the bricks or blocks. Although other brick sizes can be supplied,
most bricks have a coordinated height ot 75mm; the coordinated heights of blocks are
150. 200, 225 and 290mm.

From the above it is evident that where vertical elements comprise both brick and
block some consideration should be given to the clear and, if appropriate, the
floor-to-floor storey heights. Mixed block heights are possible but create onsite
problems of ordering and use.
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Problems of matching and coursing also affect the vertical centres of wall ties in
cavity walling and the bonding of intersecting walls. Structural elements at floor level
(slabs and beams) should also be a multiple of coordinated sizes of the masonry units,
cspecially where the building is clad with masonry that ‘runs’ past the horizontal
structure.

Excessive thickness of bed-joints (to make up the differences in coursing) will reduce
the loadbearing capacity of the masonry and the weathertightness of external masonry,
and should therefore be avoided. Good practice would normally be observed it the mean
thickness of any mortar joint is not greater than 10 £ 3mm.

Soldier courses are usually used as an architectural feature over windows or to define
storey heights. They are likely to have less resistance to vertical loading than
horizontally laid bricks, because of the change of aspect ratio with respect to the
direction of loading. Similarly they may have a reduced resistance to horizontal loads
because of their lack of proper (overlapping) bond.

When soldier courses are required, it may be necessary to use a slightly stiffer mortar
to stop the brickwork overturning on the bed-joint and so that the mortar applied to the
vertical brick face does not fall away before the brick is placed.

6.7 Lintels and lintel bearings

Unless the masonry over an opening is supported by other means (e.g. concrete slabs
or beams) lintels will be required to support the masonry over, and transfer the loads
to. the supporting walls or piers. It is essential for both solid and cavity construction to
support the full thickness of the masonry wall over the full width of the opening.

For cavity walls comprising different materials with ditfferent movement
characteristics, including deflections from the applied loading. separate lintels may be
desirable over the opening and under the different leaves.

Consideration should be given to the flexural stiffness of lintels to avoid problems
with deflection or horizontal movement/rotations at the supports, particularly over large
openings or under large applied loads. In the case of prestressed, precast plank lintels,
and certain cold-formed steel lintels that work with composite action with the walt over,
it is necessary to provide the requisite number of courses to achieve the required
structural interaction. (NB: These lintels are unsuitable for use where new openings are
formed in existing construction.)

The length of bearing required to transfer the load from the lintel to the supporting
masonry should be assessed and specified but in any case should not be less than 100mm
in length (150mm for pressed-steel lintels).

Certain types of cellular, frogged or hollow masonry units that are normally suitable
for the construction of a wall may not provide sufficient bearing strength at points of
concentrated load and may need to be filled. Similarly, in the case of in situ concrete
lintels, slabs and beams, capping the top course of masonry or filling the hollows should
be undertaken.

6.8 Filling of mortar joints

Except in the special case of shell bedding in hollow block masonry, the bed and
perpend joints of brick or block walls should be completely filled with mortar.
Incompletely filled joints should not be permitted because:

(a) the axial load capacity of wall is reduced
(b) flexural strength may be reduced
(¢c) ties, straps or anchors may be insutficiently embedded

(d) risk of water penetration increases, leading to potential durability problems.

70 IStructE Masonry manual



To achieve complete filling of the bed-joints, single frogged bricks should be laid frog-
up and double frogged bricks laid with larger frog-up. Cellular blocks, however, should
be laid with their hollow cavity downwards. In the case of the perpend joints, ‘tipping
and tailing” of the vertical arisses of the masonry units should be discouraged.

Tooled mortar joints are more resistant to rain penetration than untooled joints (see
subsection 3.3.2). Recessed mortar joints also increase the risk of rain penetration
especially where the masonry units are perforated or hollow.

6.9 Dampproof courses (dpcs)

Careful consideration is required so that the details of both the horizontal and vertical
dpcs and cavity trays are practical, provide a continuous barrier to the passage (ingress)
of water, and can be constructed on site. Changes in direction of dpcs whether horizontal
or vertical, and the junctions between horizontal and vertical dpcs, may, if not properly
designed or considered, direct water into the building. In the case of cavity
trays, lack of support to the dpc over the cavity may also lead to water ingress
(see BS 5628: Part 3', Fig 12 for typical details).

Horizontal, flexible dpcs should be sandwiched in a mortar bed and two courses of
brick or one course of block built immediately so that there is minimum disturbance of
the mortar joint between the bricks and the dpc until the mortar has set. Slate or brick
dpcs should be constructed like masonry units, not less than two courses with staggered
vertical joints.

Flexible dpcs and cavity trays should be laid, preferably such that they just project
outside the face of the wall. In cavity construction every third or fourth perpend joint
in the external leaf should be left unfilled in the masonry course immediately above the
dpc to allow any water retained by the dpc or cavity tray to drain out.

Dpcs, whether flexible or rigid, should not be pointed or rendered over since this will
allow water to by-pass the dpc.

6.10 Chases and holes

Chases and holes, depending on their size and location, may represent a reduction in
loadbearing capacity of the masonry and should be allowed for in the design.
Horizontal chases reduce the capacity against lateral loading. They also reduce the
bearing width and introduce eccentricities in vertical loads. Vertical chases lessen the
capacity of a wall to resist horizontal loads and act as a stress inducer for shrinkage or
expansion cracking.

Chasing should not be permitted in hollow or cellular block walls and should be
carefully considered in walls constructed of perforated bricks or with recessed mortar
joints.

Small circular holes that can be made by drilling or coring may be formed after the
construction of the masonry wall but larger holes should preferably be square, of
dimensions to suit the masonry units size and coursing, and formed at the time of
construction of the wall.

Large holes, e.g. greater than 12 masonry units wide, may require a lintel or similar
over the opening to facilitate construction.

Holes and chases formed after the construction should not be made by impact
methods, as these can encourage local cracking that may propagate under loads and
movements.

6.11 Movement joint details

After construction, buildings are subject to dimensional changes, which may be caused
by one or more of the following factors:
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(a) change in temperature

(b} seasonal change in moisture content

(¢) long-term absorption of water vapour

(d) chemical action, e.g. carbonation

(e) deflection of supporting structure under loads/creep

() ground movement/difterential settlement.

In general, because restraints are often present. masonry is not completely free to move,
and forces may develop that may lead to bowing or cracking. Masonry units of markedly
different characteristics should not be bonded but should be effectively separated by a
movement joint or slip plane. It is essential to consider provision for movement at the
design stage. Appendix A of BS 5628: Part 3' gives information on various movements
that can occur in masonry and a method of predicting the degree of movement likely
o oceur.

Proper movement joints need, therefore, to be included at appropriate intervals to
allow for thermal and other types of movement in the structure. Such movement will,
of course. act in the vertical as well as horizontal direction.

Materials used in buildings have different rates of thermal and other types of
movement. Fig 6.2 gives approximate coefficients of thermal expansion per °C change
in temperature, and Table 6.2 indicates the range of moisture shrinkage for different
materials.

Where different materials arc connected together or connected to parts of a building
not subject to external changes of temperature, care has 1o be taken in design to
accommodate the expansion and contraction of one relative to another to limit and
control cracking.

Joints accommodating horizontal movement in clay masonry walls should be at
intervals of about 8 to 12m centres. For calcium silicate and sand-lime brickwork the
joints for accommodating movements should be at intervals of between 7.5 and 9m. In
concrete masonry, vertical joints to accommodate horizontal movement should be
provided at intervals of about 6 to 8m, and it should be noted that the risk of cracking

Wood
3.6 to5.4
Approximate coefficients of
thermal expansion per °C ceramic 6.3
Glass
9.0
Steel
10.8
Concrete
10.8
Brickwork, calcium silicate >
14.4
( Plastic pipes etc.
17.0
< Copper
17.2 >
< Aluminium >
23.0

Fig 0.2 Coefficient of thermal expansion of different materials
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Table 6.2 Range of moisture shrinkage for different materials

Many constructional materials shrink on drying and expand again on wetting, this process
being partially or wholly reversible. The following values show the order of magnitude of
shrinkage when walls, etc. dry out in air at 65% RH.

Material Approximate shrinkage (%) o
Metals ‘ None
Brickwork ceramic ‘ Negligible
Brickwork, calcium silicate ‘ 0.01 to 0.035
Concrete ; 0.03t00.12
Wood 2.0 to 4.0 (across the grain)

o B 0.1 (along the grain)

On exposure to air all newly fired ceramic materials take up moisture, causing them to expand
slightly. Clay bricks share this undesirable phenomenon, known as moisture expansion. The
greater part of the expansion occurs within a few hours of the bricks leaving the kiln.
therefore, the use of kiln fresh bricks should be avoided whenever possible. However, it must
be remembered that movement continues at a decreasing rate for many years.

increases if the length of a panel exceeds twice the height. It is always desirable to
consult the manufacturers before using joint spacings greater than 6m.

Movement joints to accommodate vertical movements or deflections cannot be
incorporated in vertically loaded walls but may be necessary for laterally loaded infill
panels. Such joints are usually at the underside of a floor or roof, and when required
by the design need to incorporate mcans of lateral restraint to the panel.

The width of the movement joints, both horizontal and vertical, should take account
of the range of anticipated movements and whether the movements are permanent or
reversible. In addition the joint width should take account of the compressibility or
elasticity of the joint filler and any sealant. In certain circumstances, particularly any
joints in internal masonry walls, the fire resistance of the joint filler and sealant may
need to be considered.

Typical vertical movement joint widths in clay brickwork are about 15 to 20mm wide
and those in calcium silicate masonry (where therc is some permanent shrinkage) in
the range 12 to 18mm. Concrete block masonry (which can exhibit an even higher
shrinkage) can have movement joint widths ranging from simple butt joints, for internal
blockwork. and up to 20mm for south and west facing external walls.

In the case of horizontal movement joints the necessary joint width is not so
dependent on the material from which the masonry is built, but on the causc of the
movement. For simple thermal and moisture movements, which are predominantly
reversible, the joint widths may be as little as 10 to 15mm, but where movements are
governed by long-term deflections and creep then joint widths of up to 100mm or so
have been found necessary if the masonry is not to be subjected to any imposed loads.

6.12 Partition walls

Internal walls not carrying defined loadings from the frame or structure, including
lateral loads, can be sized by reference to Fig 6.3 (from Fig 6, BS 5628: Part 3]).

6.13 Tolerances

Most contemporary buildings are composed of a mixture of factory-made components
and onsite construction and, therefore, generally have a mix of significantly different
orders of dimensional accuracy. Any building or component manufacturing process,
whatever the material, produces work that falls short of perfect accuracy. Dimensional
variability is, therefore, inherent in building materials and processes and is
characteristic of them, and should be allowed for in the details.
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Fig 0.3 Limiting dimensions of internal walls for stability

In the case of infill masonry to framed construction, the frame, at any level, will
normally be completed before masonry construction begins. In this instance, provided
that the spacing between the vertical and horizontal frame members is based on the
masonry unit dimensions, any inaccuracies in the frame dimensions can usually be
allowed for by adjustment of the mortar joints, bed or perpends of the masonry.
However. in the case of vertical alignment between storeys, or horizontal alignment
between successive bays, the inaccuracies in the construction of the frame can be
allowed for in the masonry only by the provision of adequate "play’ in the details, i.e.
the finished masonry should be true to line and plumb, irrespective of the inaccuracies
in the frame.

In loadbearing masonry construction the problems of dimensional inaccuracy are
usually in the fit of items installed later, e.g. doors, windows, floors and roofs, and
cladding. This is true of masonry cladding that is not constructed at the same time as
the masonry frame.

In the case of doors and windows, these can be built in at the time of constructing
the walls, but this could result in unacceptable subsequent damage to the door or
window framing. It is common practice, therefore, to leave oversize holes into which
the frame can be inserted. However, to allow for both under- and over-sizing of the
frame and out-of-squareness of the formed hole, the tolerances to be detailed need to
be reasonably generous.

In the instance of site-made floors or roots any inaccuracics in the masonry can
usually be taken up in the cutting and fitting of the floor or roof construction. Where
the floors or roof members are made offsite the tolerances should take account of the
minimum bearings of the floor or roof and the details arranged to accommodate any
possible over-sailing at the bearings.

Whenever relevant, any details and allowances for dimensional inaccuracies should
include an assessment of the lack-of-fit of any necessary anchorages, lateral restraints,
ties and straps.

6.14 Inspections and acceptance

The quality of the construction is the contractor’s responsibility, and examinations of
the work by the designers or their site representatives should involve visits only to check
that the requirements of the drawings and specification are satisfied.
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Table 6.3 Reduction in ultimate compressive strength caused by some common
workmanship defects

. furrowed bed-joints 25%
16mm bed-joints ) P 25%
12mm bow or out-of-plumb 15% o

The specification should cover tests of the quality of materials and mortar-mixing so
that site inspections essentially examine the standard of workmanship. Table 6.3
indicates the probable reduction in ultimate compressive strength caused by some
common workmanship deflects.

The reduction in strength from unfilled perpend joints is mainly of significance in
laterally loaded masonry.

Inadequate standards of workmanship will also reduce the resistance of masonry to
rain penetration and frost action and increase the requirements for maintenance because
of reduced durability.
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