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Architects Can’t/Won’t Read

* Architects choose picture books not
reading books

* |llustrate your story

e A picture tells a thousand words

* A picture per paragraph

A paragraph per picture

e Make it possible to avoid reading

 Learn all there is to learn from pictures

 Impossible, but do have a try
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e |s easy to assume is easy to get right
 There are plenty of hurdles to trip over
* We need to be aware of the risks

* We need to understand a lot

* Drip feed the issues one at a time
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The fundamental properties of bricks are well understood and decumented but, sadly, a designer's intentions are sometimes
frustrated by his misunderstanding of the significance of these properties.

To use hrit:hwnrh‘ successfully designers must @ Choose bricks of appropriate quality. B Specify their use correctly.
B Design appropriate details. The remaining sections contain essential information to help you to do this.

These illustrated notes have been prepared as a reminder of the basic physical properties of bricks, as a guide to applying
the principles of good design to brickwork, and as a reference to the more important requirements and recommendations
in the Building Regulations, British Standards, Codes of Practice and technical notes.

Most of the illustrations are taken from slides designed specifically for leclures given by the Brick Development Associa-
tion and are available on application to the Association. Technical information is published frequently by the Brick Davel-

opment Association and distributed with the Brick Bulletin.

STRENGTH & STABILITY
General

Srickwork readily resists srge compre
sads.

Unreinforced brickwork mang conventanal mortars, is less able
w resist tensile forces induced by wond or eccentric loads.

In practice, tensile forces are resssied by the compressive forces
nouceg by the load of the sfructure above. The stress block
diagrams illustrate this graphically

The art of designing & structure m brickwork is to exploit its
nherent compressive strength, and tha stability induced by pre
compression trom vertical ads. whike avoiding the development
of tension (1).

ssive forces induced by axial

=)

Structures musi remain stable under all types of load. This is a
general requirement of regulation 08 of the Building Regulations
and can be satisfied in one of two ways by following the recommen-
dations of either CP 111 ¢ Schedule 7 of the Building Regulations
(see regulaton DN5 (a) 4 (b)),
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The use of CP 111 involves calculation. An architect will usually
require the services of an engineer it complications arise from
tateral, eccentric or concentrated loads.

schedule ¥ s intended tn he a ‘nile af thumh' mathod of desinn




reqmre the services of an engme-er it ccrnnlucahc.r*s anse frr_:m
tateral, eccentric or concentrated loads.

schedule 7 13 intendsd te be a ‘rule of thumb' mathod of design
mainly for two-storey domestic buildings. Current revisions {o the
Building Regulations will define mare precissly and limit the apali-
cations of Schedule 7 (3),
MNole. In Scofland the requiremnents differ shghlly from those in
th i er e s M England and Wales,

@ strength of brickwork Sepends on: Pari C2 of the Building Standards (Scotiand) (Consolidation) Regu-

?r.ch strangth iations 1971 ere ‘deemed-fo-be-satisfied” if the design 5 i accordance
Jdoriar strength with CP 111,
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Srickwork shape and sires @)
‘Brick strength =
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Mortar strength

Wall shape and sizes
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An explanalory memorandem gives recommendsd standards bul
they are nol ‘deermed-lo-salisfy' with the force of law as s Schedule 7
of the Building Regulations which are applicable in England and
Weales.

Brick strength

A wide range of bricks is available in this country (4). Bricks vary
greatly in compressive strength due {0 the differing qualities of the
raw materials and the metheds of firing clay bricks and of auto-
claving calcium silicate bricks {5).

Note. The compressive strength of clay bricks is not akvays indicalive
of iheir durabilily, whereas the durability of calcium silicate bricks ic
redated 1o thelr strength (see the section on Durability).

Meodern metheds of manulacture produce bricks with consistent
physical qualities, but bricks are made from naturally ccourring
materials and the compressive strength of individual bricks in a
given batch inevnitably varies {6).

The compressive sirength of a particular type of brick is {aken as
the arithmetic mean of ten bricks sampled and tested inaccordancs
with the precise procedures defined in BS 3921 clause 31 for clay
bricks and BS 187 appendix B, for calcium silicate bricks.

Compressive tests which vary from thess procedures have no

9
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E-S 21 Appendix
BS 187 Appendix C

[ e compressive strength of single bricks angd the mode of failurs
does not directily represent the strength or mode of failure of brick
work Bul the compressive strenath of bricks established inacce
ance with standard procedures Qoes, IN praciice, provigs Da
formation enabling brickwork strength to be calculated us
methods recommended in CP 111

Mortar strength
The diagram {7} shows graphically the refationship behween:
1. brick comprassive strength establisheg accorging 0 siancarnd
procedure,
2, mariar strength i (he rmnamom 5tr&“gt? required trom preiim-
inary labgoratory fest cubes for various mortar mixes recommende
n oS SE '-'-17'3 ‘Wodel Specitication for f_f"ln:"'ve""r: Ciay Brick
wark' Table 3. .Tr = r~"~rt” sirenglhs have been moditied in the
latest revision of SP 56 1975.)
3. The wall design L-Ir“'r*-gtl" or ‘basic stress’” as it is descnbea
Table 3a of section 3150 CP 111

Stucents should refer to thic fable and the definiion of basic
strace in section 318b for a fuller understanding of the maaning of
the diagram

Relarence should also be made to the section on marlars in s

L
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mj: =7 calcium silicate bricks
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. BT Form of building =
= o | . Structural stabilite and in particular resistance to horizontal wind | &=
o = bricks loads can be most effectively achieved in brick buildings by the
= appropriate disposition of walls. Brick walls I'.':-ICI not effectively resisl | g
horizontal wind loads at right angles to their longitudinal axis
20 E Takieiis " becauss it 1s not possible to develop rigidity at the junctien of brick L
ol !}g"ﬂﬂ Jﬂuﬁm mortar n walls and concrete floars as it i3 between reinforced concrete walls
and fioors or columns and beams (8). L—"-




Slenderness ratio

In practice the slight eccentncity of vertical Ioads on walls fends 1o
induce bending. This tendency is refatively graater in thin walls.

The slendernsss ratio s defined as the
effective height b
effective thickness 1t

Refer to CP 111 sections 305 and 307 for a more detailed definition
and diagram {12} i this publication.

Slenderness ratio ==

h-effective height
t - effective thickness

Brics walls successiully resist wing loadsa ong their longituding! |
1xis because the high level of fchon between the concreta floors
and brick walls prevents the floors sidang aifferentially. The com-
Ttessive forces from the oad of e sircctfure abave the wall
srevent the bricx panel rom disiorting andg failing in tension along
ne diagonal [9).

e
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Stable form for
loadbearing
brick structure
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aiable brickwork structures can oo designed for manv ouiiding
es inwhich walls can be placss 2iong both main axes {104 11}

Stable form for loadbearing S
brick structure-school

+ additon o buildmys typically using callular plan forms such.as
- oousof fiats, hostels and hotels, other building types winch have
~=n built from loadbearing brnckwork include schools, swimming
220ls, ibranes and offices,

Jeszices stroctural stadility, brichwork achieves yood sound me-
= gt by virtue ef its mass. together with excellent fire pratection
saivafed Introcucion o Bocewack Degign

Allowances are meade for the glfect of the slenderness ratio by ap-
phying a siress reduction Tactor o the bacic stress. The stress reduc-
tion factor and. consequently. the permissiole slress reduce as the
slanderness ratio increases. This graph iscompilad from Tabled of
CP111 {500 also section 315 a, b, and ¢ Jor furthor detailed definitions)
{13}

Thaga

The stress reduchon factor and consecuently the final permessible
compressive strengin wall be further reduced if there is a degres of
eccentricily in the anplication of the vertical load. In practice such
etcentricity may be induced by the dellechion of floor slabs and
beams The degres of scoeniricily o be allowed for is a mailer oi
engineenng judgement. (See CP 177 section 375 d.) (14).
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‘Where a concrele or timber floor spans parailal o a wall but is
property tied to it h = H (CP 17 305a (i) buf also 304b {1} & (Vi)
Columns, in the direction n which ataral support is provided,
h = H{CP 111 cf, 3055)
Columns, in the direction inwhich no lateral support is provided,
h = 2H (CP 111 ¢f. 305b) (16)

Bonding

The bricks in & length of wall must be properly banded in ordar to
distributa vertical and horizontal loads over a farger area and
Aumber of bricks and s minimise the possigility of ditferential
movement oetween bricks (17).




Tre effective hegiht of a wall (h) will vary from the specitied
height (H} depending ona number of factors which may stem from
the archifectural desqan.

Where the wall has no lateral support at the top. h = 1 4H (CP
1305 a (i)

Where concrete floors bear on walls irrespectinve of the dlre-r:h:m
af span, h = ¥H CP 7171 305a (1)) (15).

Effective height-h

Walls gve each other onfy limited mutual support at unbonded
junctions (18,

Bonded junctions
(english) -

19 Quain

Properly bonded junctions provice greatly imoroved. mufual
support Continuous vertical joints {red) are avoided by positioning
tie bricks {green) over the vertical joints or ‘perpends’ (18]

Bonding is part of the brickiayer's skill and is not necessarly
detailed by the architecl, uniess the constructon is unusual and
the architect is not confident that the bricklayers will oroduce wors
i his satisfachion without specific instructions. .

L




Schedule 7 of the Buslding Regulations rule 1 {b) reguires brick-
~ork 1o be 'properly’ bonded.

CP 111 clause &1 reguires that workmanship should co
with CP 121, Appendix A {CP 1271} defines ‘'bond’ as “A disposihion
of units ina wall usuaily designed to ensure that the cross ints in
each course are not fess than one-guarier of the length of th
froen those i edjacent courses

""I"'""‘-|.
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Yarous methods of bonding are used giving rse 1o different bond
pattems which have gpecial names |hasse may be fﬂ"-'-"rﬂ-:j e

206d textbooks on brickwork and brckiaying eg thase b by W Lutter
and W. 5. Nash (20, 21 &4 22).

Reterences guoted in this section and further reading:

*Bricks and Brickwork by C. C. Handizyde ARIBA, AADipl and
B. A, Haseltine BSc{Eng), ACGI, DIC, CErrg FICE, MConsE.
‘The Building Requlations 1972° inciuding all subsaguent amemd-
ments —{First and second at the tme of ;r ng to press).

‘Tha Building Standards (Scotland) (Conselidation) Regulations
19,

CP 111: Part 2: 1970. *Structural Recommendations for loadbearing
walls’ British Standard Code Of Practice icurrentiy under revismon)
*Obtainable from the Brick Dewelopment Asscciation.

" Stretcher bond =

CP 121: Part 1: 1973. ‘Walling - Brick & Block Masanry'.

*The design of calculated loadbearing brickwork’ by B. A. Hasel-
tine BSdEng) ACGI DIC CEng MICE (especially pp. 3. 4 & 5).
BS 3921: 1974. "Specification for Clay bricks and blocks'.

BS 187: Part 2; 1970. 'Specification for Calcium Silicate (Sand-
lime and Flintlima hricks)'.

*SP 56: 1975 ‘Model Specification for loadbearing clay brickwork’,
The British Ceramic Research Association.

‘Brickwork', (4 vols), W. Cutter, Cassell.

'Brickwark’, {3 vols), W. 5. Nash, Hutchinson.

*Obtainable from Brick Development Association.

DURABILITY




Flemish bond

COrmamden foem

zfrated Infroduction 1o Brahwers Dasoan

*Qbtainable from Brick Develupﬁ'l ent Association.

DURABILITY

Potentially destructive
agents

Bricx is the mosi durable builcing material readily and econom
ically availab'e e many ouilging purposes in this country today

Uestoners who understand the ways that potentially destructive
agents act upon brickwork can specily a2ppropriate bricks and
tesian delais o prodece brickwork winch wall endurs mdafirnitely
and mellow with age. Failure o 12<e note of simple principles and
to apply weil established knowledge may lead o disappoiniment
and unnecessary remedial costs (23).

-
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Frost attack inacavitywall of a building. the cuter leaf seldom becomes froren
right through and the pressure oF expanding ice 15 relieved inter
nally. The same bricks in a free-standing wall, especiaily thos== al
the top, may oiten be saturated and frozen (23).

A brics should not be rejected for general use merely beCause
water and ﬁﬂﬁt it fzilz in conditions of severe exposure. When in doubt consult the
manutacturer

When using caicium silicate (sandlime or Thintlima) bricks
ions of severs sxposure, specify ot least class 3 or 4. (See
Appendiy £ 1.1, for further infoemation)

Bricawork absorbs water falling as rain and washing over the
surface. Some parts will absord more water than others notadly
horizontal 2nd inclined surfaces and paris in cantast with the sol,
and may be potentalty at risk from frost attacs {24).

Al bricks made o this cocuntry, ewcept those cesignaled Tin-
fernal quality’, will withetand frost attack when used in the exterral
walls of bwidings orovideg that the detailed design prevenis
arolonged safuration of the brickaore.

Marny bricks will withstand constant soaking and rrearing in the
maost exposed condilions while othérs rapidly deferiorate uncer
such circumstances

Hich compressive strength and low waler absorplicn are There ars many possible sources of soluble salts but the mest

s

propertes which e 2 geparal guide o good frost resisiantse of | e grein the ~lau me n B eand read far martar (961

I\
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Soa b e et U R L
walls of bulidings provided that the detailed design prevents
prolonged saturation of the brickeors,

Many bricks will withstand constant snaking and traezing in the
maost exposed conditions white othérs rapidly deteriorate uncer
such circumstances

High compressive strength and low water absorplich -are
propertes which gre 2 geners’ guide to good frost resistance of
clay bricks. BUT sama of low compressive strangth and vary migh
ahsnrplan zre extremely frost resstant

Trereis ro known Iaboratory test which will satistactoniy preg <l
the frost resistance of 2 clay brice. Architects having no persanal
experence of a particular brick should consult the manuracturer
who may be asked to give svadence of:

Tre useof the brick in the locality in a similar degres of exoozure.

WAL B A ThA- T A 8 LR LA W b S R AT B LR R e Al T o

A sper menwa l onan exposurs site supamsed Dy an muependcﬁt
authorty.

Faifing such evidence, ciay brics naving a m rimum strengt of
485 MN/m* or @ maximum water absorption of 7 % may be con-
cigered frost resistant.

{Sce BS 3021 : clagse 128 for further defaied information and the
section under olassification w [his publication.).

There are many possible sources of soluble salts but the moss
CANTUTION &re N e Ciay, O 10 frie sang gesd Tor maortar {%f.

Efflorescence

Fifiorescence 15 a harmless and usually temporary phencmendn
Brickwork is wetiest and sbsorbs most salts immediately ater
heing laid. It drys cut mest rapicly usually i the following spring
when the salis mypate to the surface with the waterand are et as
2 surface deposit when the water evaporates. It is best 1o allow

Y ) - O
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zupsequent rain to dissolve and wash away the salts. The use of

—atal brushes may demage the face of the brickwork, uss bristle of

~acessary (27).
Cesigners consultmg

anility should first acquasnt themselves with the standard test as
reecribed in BS 385 clause 34,
Calcium silicate bricks are not subject o efflorescenca yniess

=3its are introduced from external sources eg (Fe ground, o
waferials slechod against the wall,
Eftlorescence will persist from year io
1==in of lhe buidding allows a constant
srickwork to dissolve fresh sails

Sulphate attack

yEar Oy
fiow of

T IS getsien

WETET TNAGEGN TR

Sulphate attack

~uiphate attack is rare and s serious only whien the design detail

manutaciurers on the etflorsscencs

Sl P el e LR L,
rzr\-ad-..-\-.]r T ﬁ{“'i g a

¥ i TR T
i ()

rain ssloom =aturates Dncowor .
Faulty dpcs flashings, copings and cills may causs parts of ihe |
brickwork to remain saturated for ong pe

saturated brickwork

fasghy Zadl content fow st content

Efflorescence

Sulphate attack

strong mortar
suiphate resisling cement
'y brickwork

wereale rroarLar
poriland coment
saturated brickwork

mgh sudphate confent
‘ordinary quakty” brcks

low sudphate content
special guakty” bricks

Other factors which must be considered are listed in the disgram
(30)

All design is a8 matter for careful compromise. The adoption of
al! the factorson the nghtof the diagram would ensure success but

| Be unreceszean y expanzive and Lirmil the chowe of brick,

On the other hand, if one design incorparated all the factors on
tha [eff, failure wiould be almost cerfain,

Judgement and experience, guided by this checx list, will
rmimirse the chances of failure.

Noles on the dragram. "Saturaled Ericawork, usually resulting from
gesipn or consiruction faulls, may in lurn lead o the dissolving of
ayxressive quanlities of zalis.

The salt content of bricks ¢an be obiained from manufaciurers.

Strong modears, rich in Le-ﬂ..ﬁ* minimise the a-‘n&uﬂf u:r WaTer
penafrating the -"r""'*;ﬂ' hed and the rsk of sulphale action, BUT, nole
that strong modtar may, be ui .|:f .ra:-‘e in giher aspacts — (soe fhe

PRI e SR ML -




Sulphate attack
~uiphate attack is rare and s serious only when the design detail
~syres the continuing ssturetaon of the bnckwork, ég under faully
“aoings of Cifls of in unprofactad rataining Wwalls, releasing larns
~uantities of sulphates.

Sulphates in the brick are dssoved and migrate to lhe maorlar
st combining with {n-Caicum alumina’iz {CA). a constifuent of
-artland cement. Expanson of the mortar oint may resuli possibly
-ausing turther deterioration by frost attack (28)

i
4 X

Minimise efflorescence
and sulphate attack

Minimising the risk of efflorescence & sulphate attack
“re omost impartant factor is fo design the brickwork so that i
Jatrated infroductron (o Bockword Design

Strong modears, rich i cement, minimise the amount of waler
penatrating the mortar bed and the risk of sulphate acton, BUT, nole
that sirong mortar may be undesirable in gther aspacis - (see ihe
sECiion o e lar)

Suiphate resisting cement has a fower (A confent thaen Portland
cement and virfually eliminates e pOSSBINY OF Feachon wilh the
culghares,

Specia! qualily bricks have a limited sulphate content, agamn
mnmising the risk of affack,

References quatad in this section and further reading:

CP 121: Pt 1: 1973 Walling - Brick & Block Masonry, Saction 36 -
Duranility.

BS 3021: 1974. 'Specification for Clay Bricks and Blocks'.

BS 187: £t 2: 1970. ‘Calcium Silicate (Sandlime and Flintlime)
Bricks'.

SCP tn3. 'Brickwork: Durability”. Structural Clay Products Ltd.,
230 High Street, Potters Bar, Heris. March 1971 50 p.

SCPS ‘Brickwork Efflgrescence’ (as abave). January 1874, 50 p.

EXCLUSION OF WATER

Traditionally, solid brick wallg, single or ore and halt bricks thick
were considered sufficiently rain resistant in many areas of the
couniry. In coastal and olber severely exposed areas, brckwork
was often renderad or tile hung for additional protecton
Cavity walls have becomse increasingly used during the last fifty
years as a more cerfain protechon against rain penetration. In
addition, the dry inner leat olfers betler thermal insulation.
A cavity wall is usually designed on the assumption thatl water
io




will evenfually peretrate the outer leal of brickwork (1025 mm
thick). Precautions must be taken to ensure that moisture will not
transter o the inner leal at the vanious points where the cavity is
bricged, eg by {fes. hnisls, cills floors or beams (31).

Fl_ain penetration

Quter leaves of open-pored nncks having a high rate of absorption
will absort water washing over the surface. In conditions of severe

exposure and continuous drving rain, water will eventually reach
the inner face 1hr'} -!;!‘" tha pore structure, first as dampness and

=N ey T =

assumed that water will eventually penetrate to the inner surface
ezpetially m expozed situations. The water should be prevenisc
fram penetrating inside the building by carsful attention o the
des«gn of dpes, flashings and weep holes (33).

The water resistance of a building depends on appropnats
detailed design rather than the choice of-brick type.

Further reading to this seciion:

SCP tnd 'Brickwork: Resistance to Rain’, Structural Clay Products
Ltd, 230 High St, Potters Bar, Herts, July 1973, 50 p.

*BDA Practical Note No 6, January 1975 'Damproofing courses &
flashings with brickwork and blockwork'.

CP 121: Pt. 1: 1973. *Walling — Brick & Block Masonry’ Section 3.3
Design - exclusion of ram,

| *Obtainable from The Brick Development Association.

EXPOSURE

Driving
rain
index =

m/s X mm _
1000

m?/s

The amount of rain penetrating a bullding depends partly on he
quantity of rain which falls. and partty on the force and durabion of

-

ur




Quter leaves of ooen-pored orncks having a high rate of 2bsorption
will absort water washing over the surface. In conditions of severe
exposure and continuous drving rain, water will eventually reach
the inner face through tha pore structure, first as dampness and
oventually as free water,

Danse oricks with low absorption transter little water througn
the body of the brick, but largs quantities of water running down
the glase-like face may be drawn through capillary paths formed
where fine Cracks occur when dense cemant-nch mortars are used
with dense bricks (32). Ses the saction on mortar

& Provent sataaat

YWhichever type of bricx iz used in an outer ‘eaf it should be
1B

-—
1
¥

he-amount of rain penatrating 2 building depends parily on ™=
gquantity ¢f rain which falls. and partly on the force and duration oF
the wind hlowing the rain on o the building. The quantily of ra-
it measured in mmjannum and the force and duration of the winc
as average windspeed in mfs. The product of these two faciors
mis » mm s called the Driving Rain Index {34).

I he didagram reprezents @ map showing Contours joining pon=
having equal driving rain indices.

Exposure

35

A simplitied map based on the driving AN indEx 0%




zountry into areas of sevare, moderaie and sheltered exposure.

A1l areas within B km of the coast or major estuaries must be
-onsidered a5 being one degres of exposure higher than that
snown on the map (38). )

50 published are Driving B=in Rosss which indicate the propor-
on of total time during whch e wind blows from a given direcs
on (36). A tull explanation of the Drwving Rain Index can be found

n BRS Digest No. 127 "An Ingex of axposure 1o driving rain

1

3

| references quoted in this section and further reading:

Building Research Station, Digest 127 March 1871. “An Index of
Exposure to Driving Rain'.

CP 121: Pt 1: 1973 ‘Walling - Brick & Block Masonry” Saction 351
and fipures £ & 9. |
SCP tn5. ‘Brickwork: Resistance to Rain’. Structural Clay Products
Ltd., 230 Hight 5t, Potters Bar, Herts. July 1973, 50 p.

DIMENSIONAL STABILITY

Bricks and brickwork, like all other materials, move. The amount
tepoends on varying circumstances. The consequences of move-
ment musl 02 anticioaled and wihen necessery dllowances mads
in the design (33).

All materials move E

5 _action
MgSQ, - CalOH), ~—» CaSO,-Ma{OH),




MaSO, - Ca(OH),—» CaS0, Ma{OH),

 tre effects of movernent are igrvres

1. camage may be caused to adjacent matenals

2. the material whnich is zttempling to move, it restrained and
unable t© contan the forces set up, may crack or deform (40),

Movement and
cracking

=37 butkdings of buildings on fugh ground should ajso be con-
zgered as being in an ares ona grade h gher than that shown an

n& Driving Rain Index map 3

Exmswe

_-_h-_—-_
— e

Baicony

x

3lly the degree of exposure © which backwork s subjected wi 'n arder {0 make provisions for movement it is necessary o know
=2end o 1S pOSiLon ina buwlding and upon the detailed design | the nature and extent of movernents in brickw
e T

he diagram (41) indicates the movement which might ococur i

i

raled fnirogduciion o Briceaoek Design




et mEire |ength gt ynrestrained wal
| from the coetlicients of movement guoled in l._.::' 127

The amounts are derived
. Appendix C.
Sludents shou'd refer to this for more detailed information
All bricks are subect Yo reversiple thermal movemenis
peraist tor the lite of a building. The amourd of movem
greater for dars-co'cursd meterials and for those exposed
sun for long perods (LF 7271 Agp. €. Tabk 16).
Caicium Silicate {sandhime, flintline) bricks are subject 1o some
imtial and mostly rreversible shrinkeags =oon after the completion
of building. The amounts in the diagram are a direct interpolation
of the movement of individug! bricks fCP 121 Aop. C: Table 12)
practice, movernenl mey well be (852 than this as the units saldam
become as compietely saturated ¢ 50 compleiely dry as in the
conditions of test given in BS 187; Part 2
From the moment clay brcks leave the wiln they begin ko laks
up rmansture and expansd. in most cases ol %) of the tomal expansion

which
Bl =
o The

If 8 long wall of ciay bricks & resirained & one end only, the
anresirained top may expand horizontalty more than the restrained
boticm causing diagonal tensicn cracks in the weakest paris
petween windows. Flexible dpes offer less restraint and may result
in the wall sliding over the dpe.

A wall of caium silicate bricks, subiect i Initial shrinkage, may
develop random vertical cracking usually at points of weakness
throuah windows and door apsnings (42).

Crackig ¢an b avocded 0 all such instarces by the provision of |
movement joints at positions chosen by the designer and in the
cace of calclum silicate hricks oy uging the correct strength of

nortar. Many sclutions are possinle bul they are best considered
at the earliest stages of the design. rather than put in as an after
thougtt
The freguensy of movement joints s recommended in CP 121
sertion 3362, w & 10 mvn wide poind every 12 m for clay !:-. fcke and
behween 7.5 m and 9 m for calcivm silicate Bricks

Horizontal renforcement in the bed wints has been used ina
wall wnth movement jaints at 24 m intarvais. Mo disiress has oc-
curred over 3 period of seven years.

The positiening of movement joints in a boilding requires the
special attention of architects and engineers for each new project
Guidance is given in Mavement Jointsin Brickwork” by K. Thomas

For calcium silicate bricks see ‘Movement in Brickwork™ by Ll'r.
Calcium Silicete Bricx Association

Clay' hrlck claddlng and r.c. frame

) initial ‘2:5=3
{a) initi ;Mﬂclnl

e

) creepor flaw 0-9-1:8

=

Total 4-6
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OF DUIHDING. | e amounts (N TNegRagram an a gingct imterpoiation
of the movement o individual bricks {CP 127 Agp. {: Teble 12). In
practice, movement mey vwell be less thar this as the units s2ldam
become as compietely saturated o 50 completely dry as in the
conditions of test given n BS 187; Part 2

Fram the moment clay brcks leave the kin they begin lo laks

up rmosture and edpand. in most ceses ol % of the toial expansion |

takes place in the first 2 days OHen the degree of compression
caused in a restrained wall can ne contaired. In sluations where
bucklirg may resull orwhare short returns in hat brick wails may

lezd o cracking, movement joints should be incorporated and it |

may be advisable o avoud the use o Oricks Tresh from the kiin
(CP 121;: Apcendix C: Table 11 for coefficrents of mowsment and
clause 3.3.3.7.)

Brickwark cladding cshoukd not ba built tightly into a reinforced
concrete framed bwilding. The consicerable shrinkage n each
storey ol the corcrele trame, for the reazons shown, and the slight
maisture and thermal expansion of the bricks may cauze bowing
of the clagding particularly when brick slips are used and the
halt-brck guter lsar overhengs the concrete sfructure (43).

This problem can be avoided by providing a movement joint be-

tween the top of the brickwork and the concrete. An anchorage |

must then be provided o order 1o restrain the fop of the brickwork
harizontaliy while allowing differantial verfical movement (45),

This preblem does not oocur with internal walls such as sep
arating walls as thesse readily absarb the comprassoe forces with-
out detarming

This supject is dealt with fully in BD&A Technical Note No. &

i "H
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r
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“esign changes. Slructural sissl has been replaced by reinforced
-ancrete. and sohd one and half beck cladding has been repiaced
oy cavity walis with a haif-onck outer isaf having only 68 mm of
zLpoart (45).

This example emphasises the n2ed for 2n understanding of the
anysical properties of materizls, 2 constant reference to basic
r2sign principles and an up-to-gate knowledge of technical reports
zampiled from experience

~eferences quoted in this section and further reading:

CP 121: Par 1: 1973 "Walling - Brick and Block Masonry'.

"BDA Technical Note No. 2 "Further abservations on the design
ot brickwork cladding 1o mult-storey rc frame structures' by
Daonald Foster RIBA. April 1875

Brickwork: Dimensional Stability' SCP tnd Structyural Clay
Products Ltd, 230 High St, Potters Bar, Herts. December 1971,
20 p.

Movement in Brickwork—recommendations far the construction
of movement joints’. Pubicity Committee Paper No. 1 vy the
~aleium Silicate Brick A aton Lid, Lloyds Bank Chambers,
: Town Square, Stevenage, Hertiordshire. SG1 1BP,

*Obtainable from The Brick Development Association.
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Regulation G(1) and (2) concern tha requiremants for sound reduc
tion in walis between dwellings. The requirements are deamad 1o be
satisfied if the wall is built of brick plastered both sides with a |
minimum of 125 mm of plaster and the whole weighs on R
not less than 415 kg/m?. This requirement can be met with most
types of bricks and, in facl, the difference in sound reduction |
between walls using the heaviest and lightest bricks is scarcely
discernable. The requirement in Seotland is for a wall to be not less
than 490 kgim?®. {See Schedufe 10 HY1) The Building Standards

§ T

(scollang] (Consnligation) Regulations 1971).

The axcellent sound reduction qualities of brick walls can be
negated by the introduction of designed or accidental openings
wiich greatly reduce the effectiveness of a wall, migking the ditfer-
ence Detween a wall gne-brick thick and a half-brick wall negligible




oF movement joints. Pubborly Commitiee Paper No. 1 by tha | The sxcelient sound reduction gualities of brick walls can be
~alcium Silicate Brick Association Litd, Lioyds Bank Chambers, negated by the introduction of designed or accidental cpenings

- Town Square, Stevenage, Hertfordshire. SG51 18P, whnich greatly reduce the effectiveness of a wall, making the differ-
*Obtainable from The Brick Development Association. ence between a wall gne-brick thick and a half-hrick wall negligible
(47},

THERMAL INSULATION

Events have now ovarlaken the producton of this diegram (48) and
reguiaticn F3{1) of the Second Amendment to the Building Regula-
Lo requires the ‘U’ value of any part of 2n sxternal wall 1o be not
more thans 1.0 Wim2 "C. Forms of construction deemed in =atisfy
this regulation are et out in Schedule 11 of the Second Amend

SOUND INSULATION |
“ialls which are heavy but not to0 rigid are, in general, =il tha ‘U"H‘Hh.les extemal 'WB“S

mast economical and practicable way of reducing sound trans
—ission between rooms or buildings to an acceptable level. despite
=Cent geve'opmentsin the use of hgntweight walls for this purpose.

wall one brick thick will give 3 or 638 reduction more than a
-~zif-brick wall (48).

Deemed lo satisfy walls
England 415 ——— —
Scotiand 490 ——

1 2 5 10 20 S50 100 200 500 W00
Weight of wall kg /m? _ 6

=2rt G of the Building Regulations concerns sound insulation
‘edd Introduction ta Befckaock Dosign 14




ment. Howsever, the new regulations are complex and the require-
ment of F3{2) for an average ‘U value of perimeter walling, in-
¢luding openings, of not more than 1.8 Wm2°C means that,
cdepending on the proportions of the external wall and the amoun?
of opening, the ‘U’ value of the external wall may have to be better
then 1.0 W/m? °C lo satisfy the Building Reguiations. Methods of
attaining improvad siandards of thermal insulation n external
brick walls are described in BDA Technical Note No 10 “Thermal
insulation and sound insulahon of walls fo dwellings’.

FIRE PROTECTION

Brickwork iz incombustible and doas not contribute fo the fire load
of a building (£9).

49
Structural fire precautions -
Combustibility (fire load)

brickwork

Surface spread of flame
ey
Fire resistance
o collapse

{o spread

1 4

| ‘colour and,

Brickwork does not facilitate the spread of flame and = Class O,
the highest class, when tested In accordance with BS 476: Some
surfaces, notably those to circulation areas in buildings other than
7 storgy houses, are reguired to have a class 0 surface (see the
Table to Building Regulaiion F15).

Brickwork is highly resistant to ccllapse n fire and o the trans-
mission of firg from cne side of a wall to the other. The temn fire
resistance’ in ihe Building Regulations concerns both these
progerties.

APPEARANCE

The appearance of brickwork depends not only on the aesthetic
judgement of the designer but also on his knowledge and experi-
ance. I 15 useful, therefore, to analyse the factors which affect the
appearance it only to form a basis for evaluating the buildings
argund us (51).

Appearance

M

1 eolour

4 sire

P ————

Brick colour and texture

The variety of raw malenals, methods of firing, the use of additives
and surface freatment by sanding or fexturing produce neariy bwo
thousand different bricks. An indication of the wide range avail-
able is given in the BDA publication ‘Brick is Colourful'. Many
manufacturers produce catalogues of their full brick range in
1 1973, the Brick Advisory Centre was opened on the
ground floor of the Building Centre in Store Streel, London (32).
Ericks are displayed in panels classified by colour. Staff from the
Brick Development Association arg on hand to give turther infor-
mation on the properties of the bricks,




¥ SIOrEY NOUSEs, are required 1o Nave & CIBss U SUrTece [(See [Ne
Fabie to Building Requiation F15).

Brickwork is highly resistant to collapse m fire and o the trans-
miszion af firg from one side of & wall to the other. The term fire
resisfarce’ in the Building Regulations concerns both these
propertics.

Al

b L T At

AlEE

Tne degrees of fire resistance required, measured in nours, for
various walls in different types of buildings are =8t cut in Taole A
o Building Regulation E5 and vary from a hali-hour to four hours
MNote that the highest standard can be met by unplastered brick
work 200 mm thick £50).

The forms of construction which will meet these standards are
described in Schedule 8 of the Building Regulations and brick is
dealt with in Part | A3, A10, 83, C3, Part V A{A) 2 & A{B) 1.

&

mation an the propearties of the bricks,

52

Joint colour
With each brick type, different mortar colours can be used 1o |
axtend still further the variety of brickwork. The colour of moriar |
depends to some degree on the sand and the mix. Coloured pig-
ments can be added o the mortar but should conform 0 BS 1014
1951 and should not exceed 10 % by weight of the cement |
carbon biack is ussd il should not exceed 3 9% by weight (53).

e
e 3




Joint profile

"he profile of bed joints and perpends considerably modifies the
appearance of finished brickwark especially when viewsd at close
tuarters of in the middle distance (54 & 55). Generally, brickwork is
jointed by strking, raking or rubbing the mortar while it is still
green”. Pointing on the cther hand consists of raking out the
green” mortar in the joint to a depth of 13-20 mm and then refilling
e joint with fresh martar. Pointing should be spacified only when
s impracticable to gan a desired visual effect by jointing which
= not only cheaper than pointing but disturbs the miortar bed far
225, Recommendations conceming jointing and painting are made
n CP 121: clause 3.123. It is often convenient to specify ready.
mixed mortars where a consistent colour is important

Brick size and shape

The British standard brick has a format size, which includes an
allowance for jointing, of 225 mm = 1125 mm = 75
Other sizes are quoted in a British Standards Draft or Cevelop-
ment DD34: 1971 'Clay bricks with modular dimensions’. Thesa
jormat sizes arg:

300 mm x 100 mm = 100 mm

200 mm > 100 mm 100 mm

mm high

Fmm = 10 mm x 759 mm
20 mm x 100 mm x 75 mm

Use of these bricks which have an unfamiliar size and proportion
will affect the scale of the building (56).

Dagrdiy "
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=zked and [lush joints. Warwickshire Masonic Tempie, Birming-

Architects: John Madin Design Group.
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Infreduction fo Brickwork Design
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96 F10 = 100 = 100 brickwork. Ashworlh Sirsef housing develop-
ment, Blackburn. Architects: Borough Architects' Department

Bricks of different shapes from the normal standard brick are
made by many manufacturers and are being increasingly and
effectively used by architects o produce a variety of modelling in
brickwork. The more common of these special shaped bricks are
inCluded in BS 4729: 1971: Shapes and Dimensinne of Special
Bricks and in a BDA Brick Information Sheet: 'Standard special
bricks’. But designers should not assume that all manufacturers
ma=e all the special bricks described in this Standard and should
make edrly enquiries of particular manufacturers concarming
availability, delivery times, and costs.

It is possible o effectively model a building with only a few
caretully selected special bricks The use of too marny different

specials in one building can unduly increase the cost and delay the
delivery of bricks. All manufacturers will be pleased to advise on
ihis aspect and welcome early enguiries (57).

S e o - ‘“""-\._
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57 Standard specia
| Mephenson, Gibney & Associales.

I Bricks, Graflan House, Dublin, Architects:




' Viewing distance

Erickwork presents a variety of attractive coours, textures and
patterns depending on the viewing distance. Detail with @ human
srale iz readily achieved at close quarters where it is o7 Imporiance
in the urban landscape in crealing an interesting texture which
attracts rather than alienates passers-oy (o8, 68 & E0).

= . - =

| sand having a suifable mixture of grain sizes. The binder was

Mortar can be thought of as @ ‘gap-filling glue’ which evens Ul
slight irregularities in size and shape batween bricks. provides a |
uniform bed and enables loads to be distributed uniformly (81).
Martar also helps to prevent the peneiration of air and waler L
through brickwork.
Marsar consists of an aggregate and binder. The agpregate is

MORTAR -

Sand "
Binder ek Eades ]
uaimnth-ﬂddﬂhﬂ} |_
~cement|lime =0 |"
ﬁ]‘__ .._"_ : = | -_F_T : .__..-'- ! -

lime ' I
ﬂ 2 :'1 =]
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Clair Hall

55 59,60 Thres wiews of Clair Hall, Haywards Heaih. Architects:
Architects Partnership Aylesbury.

5 F]

Martar can be thought of as a ‘gap-filling glug' which &vens out |
slight irregularities in size and shape between bricks, provides a |
uniform bed and enables loads to be distributed urniformly (61). |-

Mortar also helps to prevent the penefration of 2ir and walter
through brickwork. 5

Martar consists of an aggregate and binder. The aggregaie is 2
sand having a suitable mixture of grain sizes. The binder was |-
formally lime but today s more often a mixture of lime and cement
or cement with the addition of a plasticiser 0 assist workaility. (%

Martars mads whaolly with lime are seldem used today as, aparl
from having & low ultimate strength, the slowness with which they |-
devalop initial strength and stiffiness make them impracticable for
building stender walls required for reasons of economy. -

Lime is used in medem cement maortars mainly in order to im-
prove warkability. A good moriar should cling to the trowel and
spread smoothly. A cement marlar is harsh to spread and difficult
to hold on the frowes:.

Today, additives are often used instcad of lime o give improved
workability more conveniently. Most additives waork by entraining
srnall air bubbles which act as a lubricant. 2

The air spaces between particles of sand ancount for about one |
quarter of the total volume. This explans why most moriar mixes |,
ara hased on a ratio of 1 binder : 3 agnregae.

The proportion of cement and lime n the binder afiects the prop- |
crties of the mortar. Those properties which concem tha brick- |-
layer are shoan at the top i the diagram and those which aftect
sha finished building are below (62). .

Lims improves workability and prolongs Ine wiorking  time.
Air-entraining additives produce simiar charactenshcs.

Teao much lime delays the setting of the mortar and walls may be
unstable and lisble to wind or other damage. Bricklayers generally |*
prefer additives o lima as they are more convenient to use.

Maore cement produces sironger moriar, IMProves frost resist
ance. and reduces the risk of sulphation because cement-rich |
martar joints in the finished wall 2bsorb less water. A dense mor-
tar, although water resistant within itzalf, bonds less well with the
bricks and small hair cracks may develop and form capillary paths.
Strong mortars, that is those rich in cement, tend to produce rigid
walls less ahle to adapt 1o seitlement and other movements than




weakear, more flexible, mortars.

Too much additive or prolonged mixing reduces the mortar
sirength. With calculated loadbearing brickwork, additives may be
sermitted only with the permission of the design engineer

reguirements, the type of brck the degres of sxposure a2nd the |
time of year. Guidance on mortar specification is gven n BDA |
Practical Note No 2 (62).

Publications for further reading and reference:

*BDA Practical Note No 2 ‘Mortars for Brickwork'

BS 1200: 1855 'Sands for Mortar for Plain and Reinforced Brick-
work, Blockwalling and Masonry'.

BS 4887: 1973 Mortar plasticizers.

CP 121: Pt. 1: 1873 '"Walling — Brick & Block Masonry' Saction 25
Materiale-Mortar. Table 4.5 Minimum quality of fired clay units and
martars for durability. Table 42 Mmimum quality of calcium
silicale and concrels units and morfars for durability, Table 311
Dezign-Mortars. 1able 4.4 Workmanship Mortars.

*Obtainable from The Brick Development Association.

CLASSIFICATION

Bricks are classified under three varieties in BS 3921 section 32
(B8);

1. Common bricks make no special claim to give an atiractive
appearance but the term does not imply any particular lack of
guality in performance.

2. A facing Drick is specially made or seieCied 1o give an attractive
appearance bul. again, the term implies nothing concerming the
physical qualites of the brick. The attractive appearance may
resull from the natural colour of the matenal or a texture applied
vefore the brick is fired.

3. An engineering brick has cefined limits of compressive strength
and absorpton.

&
Variety 0=




Many factors will affect the choice of mortar. For any given situa-
=hon & designer may specity a cemeni/lime morfar, a cement
rmortar with a plasticiser or @ masonry cement. The latter contains
zn inert filler, such as chalk, to mprove workability and a greater
proportion of masonry cement is used than Portland cement. Thus
i-part of portiand cement to 4 parls of sand plus a plasticizer s the
=quivalent of 1 part of masonry cement 1o 3 parts of sand {63).

Jlmortar  [cement/

g lime plasticiser ' cement s

71 ‘-_I_!'_J;" 1
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= - - - o = .1-'. - 'I: % - = -
walls _
retaining, I

~ |freestanding |
cills, copings . . .
inner leaf of | ﬁ h %

cavity walls
B clay B calcium silicate BB non loadbearing 7 cold weather
: caicium slicate o

The speciiication of mortar mix is vitally important in producing
successful brickwork and the choice will depend on sirength

sstraled Introduction fo Brickwork Design

special ordinary

Section 3.3 classifies bricks under three qualities (86):
1. Special quality bricks are durahle even when used in the most

| exposed conditions where the structure may become saturated

and frozen.

2 Crdinary guality bncks are normally duranle in the external face
of a building but should be protected from exposed conditions by
protective detailing at vulnerable positions such as the tops of
wilis and window cills.

3




3. Intarior quality bricks may need protection on site during the

WiNier.

EE

Internal

Ordinary
\/-"

Bnum_mr w.—
Facing

s

= :

Common and facing bricks may be offerad in all three qualities but,

n prachice, all engmeenng bricks are special quality (B7)

Property

|

o

nal wi

Strength < 52 MN/m*
Frost Durabla in
resistance eutreme
Em '
tnu_u_!!
_m —
salt content by weight
Efflorescance Nl worse than
68 5

The physical characteristics of the three gqualities of bricks
described in greater detail in BS 3921 sections 11, 12 and 73

i
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arg
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(63

| excesd 20% of the total volume {70).

Tha term engineering brick does not apply 1o caicium 3 :3‘-:: | 9
bricks although some reach 485 MN/m? and more, the sirength o
a class B engineering brick b
=
[ l
Types (BS3921) £
foy S
Solid
Solid
b
o
Perforated
{ Small holes) e
=25
i
Frog =20%, E
e
Perforated - Smail hote 25" ;—..
Hollow - Largsholes 25" 70 =
RS 3971: section 3.4 dafines three types of brick, Solid. Perforated .~
and Hollow, .._.

The bricks with which most of us are familiar come unger the |

category of 'Solid’ bricks even though they may in fact be perfor- 87
ated or contain frogs. Perforated bricks are classified as "Solid
provided the periorations do not exceed 25 % of the total volume
Frogged bricks are classified as 'Solid’ provided the frog does not

-

'I'.

-

=

Technical services
The Technical Departrment of the Brick Development Associaton =



saltcontent  ©¥weem

Efflorescence Not worse than
moderats

63 _ S et

The physical characteristics of the three qualities of bricks g
described in greater detail in BS 3921 sections 11, 12 and 13 (63).

Engineering bricks
class Aand B

Crushing strength MM,/m*

30 35

0 5 0 15 20 25

Water absorblion % by weight

)

In this diagram, A & B represent class A & B engineering bricks
Bricks {a) and (b} are as strong as class A & B respectively but
their absorption rate is too high fo be classed as engingering
bricks. Brick (¢} is as dense as a class B brick but s not strong
enough for an engineenng orick, Sometimes bricks (a), (bl and (c)
are mistakenly called semi-enginesring bricks. Engineering bricks
are dexgnated in Table 6 of BS 3821 {69).

04

aTeq Of TOMEIN rogs. Fergrany ORcKS arne Cisssines as Juns | By
provided the perforations do not exceed 25 34 of the tofal volume

Frogued bricks are classitied as 'Solid’ provided the frog does not
exceed 20 % of the lotal velumse (70), b

| -
Technical services '
The Technical Department of the Brick Development Associstor —g
is always ready fo assist with problems of brickwork design o ||

ennstruction, It is also prepared fo offer indepenaent
cases of spec:al difficulty. Most member companies of the Associs-
tion maintain expert technical advisory services which are fresly §
available to users of their products.
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The BDA Puhlications Mailing List

all members of the professions associated wilh the CONaDrUClEnT
ndustry are entitled fo be included in the malling list
by the Asspciation. Addressees regularly recaive Copies oF IF
Brick Bulletin, BDA Technical MNotes, Eessarch Motes ar
tical Notes. Applications for incluston in the list should be =
Information Department. The Brick Developmeni Ass
19 Grafton Street, Tels D1-409 1021.
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Students are particuiarly requested 1o note that buls supdees .'S

SDA publications are available io colleges throughout the cou b
Requests for publications should therefore be made through &=
Heads of Department—not direct to the Assocation. -
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