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i. Introduction 
Throughout the nineteenth century, bricks were used 

in every kind of building and for a wide range of engi­
neering structures. From the turn of the century to the 
present day, despite the challenge from other mate­
rials and the' demands of new architectural forms, brick­
work has maintained its position as a leading structural 
medium. 

Some common applications, of bricks where structural 
design should be considered are i-*-' 

(a) External and internal load-bearing walls o f multi­
storey buddings. 

(b) Load-bearing piers and columns in single-storey 
industrial type or school buildings. 

(c) Retaining walls; . 
'. (d) Perimeter walls in prisons and high garden walls. 
• (e) Tall chimneys. 
. (f) -Towers and. water tanks. 

(g) 1 Walls in single-storey houses with large openings 
such as windows and grills. 

(h) Arches. ' • 
(i) Shear walls in concrete framed structures for ( 

lateral load resistance. ' . .' 
( j ) . Abutments for culverts and small span bridges. 

Unfortunately in Sri Lanka lack of design data of the 
local varieties of brick units and mortars seriously hamper 
the structural designer who wishes to use masonry ele­
ments for load-bearing structures. 

2.1 Objectives of the Investigation 

The BSCP III9 which governs masonry design pro­
vides guidelines for the design and construction of load-
bearing brickwork in terms of strength of brick, type of 
mortar, type of loading and linear dimensions of the 
brickwall. Only the strength of units ranging from 400 
to 3000 lbf/in2 is covered in this code. 

For the.design of load-bearing brickwork the BSCP 
H I ' cannot be used for bricks having strength' below 400 
psi. But in Sri Lanka a considerable amount o f bricks 
fall into this category. In this study, this category of brick 
is termed as Type I I bricks. At present this type of brick 
is not, commonly used for structural purposes confidently. 
Because of this, it is.desirable to extend the BSCP I I I to 
facilitate the use of low strength bricks. 

There are no codes or design charts for cabook 
blocks. As these are extensively.used in Sri Larka there 
is a need to formulate design recommendations for 
cabook blocks'. 

The mortar (1 cement: io sand) and the mortar called 
lateritic Soil Mortar are two low strength mortars which 
are widely used and found to perform well in this country..^ 
These mortars are viable as severe conditions such as 
frost action are not important here. The wide appli­
cation of these mortars makes it worthwhile to. extend 
the Code of Practice to cover these mortars. 

. This project is aimed at studying the behaviour o f 
brickwork in these areas where no information is available 
even from other countries, namely strength of walls of 
cabook units, strength of walls of low strength burnt clay 
brick (referred as type II bricks in this paper) and strength 
of medium strength brickwalls (referred as type I bricks 
of 400 to 700 lbf/in2 strengthen weak mortars. 

The main objectives of this study were as follows:— 

(a) Formulation of design recommendations on the 
same lines as the BSCP II1». 

(b) Determination of the ultimate load capacity. 
(c ) ' Distribution of the strains in the brick walls. 

'(d) Failure mechanisms of the walls. . 
(e) Evaluation of important material properties o f 

the constituent materials of brick walls. 
.(f) Study of crack width to determine tolerable limits 

in walls without endangering structural safety. 
(g) Comparison of these results with other published 

data. 

3. . Experimental Programme 

Brickwork is a composite material with the brick as 
the building unit and the mortar as the joining material. 
Its own characteristic properties may bear some resem­
blance to either of these two elements. The strength of 
brick walls is usually given as a function of crushing 
strength of brick and type of mortar used. So to study 
the property of brickwork, it becomes important to find 
out the'property of these two elements. Therefore tests 
were done on brick walls as well as on bricks and mortars. 
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3-1 Bricks 
Dimension;;, dry density, water absor >tion and cru ;h-

ing strength were found according to B S 39217. T o find 
the crushing strength o f bricks, bricks should be immersed 
in water for 72 hours. In the case o f Type I I bricks, they 
dissolved in water when they were immersed. So only 
the dry strength was found and in order to compare these 
bricks with others, the dry strength o f Type I bricks and 
cabook were also found. 

T o test the cabook blocks, no code o f practice was 
available. So the same procedure o f brick tests were 
adopted for cabook too . 

3.2 Mortar 
In this project two types o f mortars were used, 
a) Literit ic soil mortar (1 cement : 5 sand : 10 late-

ritic soil). 

b) 1 : 10 cement sand mortar. 

Mortar tests were carried out as in the BS-45 5 i . (8 ) . 
T o find out the shear bond strength a three-br ck 

assembly was built in bricks and cabook (see figure 1). 
Load was applied on the middle brick while outer bricks 
were supported. 

Lateritic soil is the soil directly excavated from the 
ground where laterite deposits occur. In order to identify 
this soil in engineering- terms and to find its properties, 
some soil tests were conducted, i.e. liquid limit test, 
plastic limit test, sieve analysis test and Hydrometer 
Analysis test. 

3.3 B r i c k w o r k 

T o find the compressive strength o f brick work, brick 
cubes, piers and walls have been used by researchers. In 
brickwoik technology, Switzerland is one o f the most 
developed countries, and here brick walls are used for 
the purpose o f testing. Tests on piers and cubes may 
give the compressive strength. But tests on walls will 
give overall performance o f the brick wall such as com­
pressive strength, cracking pattern, crack width etc. In 
addition to this, testing o f brick walls will represent 
the actual situation more closely. By considering all the 
factors, walls were selected for testing strength, and 
other properties o f brickwork. 

CP I I I 9 states that wall panels can be used to find the 
permissible stresses o f brickwork and it gives the dimen­
sions of the wall panels as 4 ft. to 6 ft. in length and 7 ft 
to 8 ft. in height. Further, to determine basic stress smaller 
wall units are simpler as they can be designed to eliminate 
largely the effjets o f Fa and Fs , these being the reduction 
factors for area and slenderness respectively in CP I I I ' . 
The siz; o f the wall panels was fixed so as to mike Fa 
and Fs unity or nearly so (ie 2' 9" length and 3' height) 
and necessary reduction factors were considered in 
calculating the basic stress. 

These wall panels were instrumented with dial gauges 
and mechanical strain gauges. Dial gauges were fixed t c 
find out the shortening o f walls and the bulking out o 
the wall thickness. Strain gauge points were fixed hori­
zontally at horizontal centre lines o f both sides o f the 
wall. The load was applied gradually till it fails (see 
fijures 2 and 3). 

j e c t : 
The following combinations were used in this pi 

(a) Type I bricks with Latcritic soil mortar— 
9" wall 

4i" wall 
(b) Type I I bricks with Lateritic soil mortar— 

9" wall 
4 i " ^ 1 1 

(c) Type I I bricks with 1 : 10 cement sand mortar 
9" wall 

4 i " wall 
(d) Cabook with latcritic soil mortar— 

6 £ " wall ( J brick wall) 
(e) Cabook with 1 : 10 cement sand mortar 

6 £ " wall ( J brick wall) 
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4- Results 

4 .1 Bricks and Cabook 

Dimension's Crushing Strength 
' Water Absorption 

% 

Dry density ' 
lbf/ft3 Type in x in x in lbf/in* (kN/m*) 

' Water Absorption 
% 

Dry density ' 
lbf/ft3 

t 
. (mmxmmxmm) 

Dry Wet 
(Kg/mJ) , 

Type I - 8.24 x 4:4 x 2.24 
(209 x 112 x 57.5) 

•920-. 3 
: (6.35) 

: 633.58 
• ( < M U ) 

25.42 154.02 
(2467-17) 

Type II 7.7 X } . 6 j X 2.20 
(196 X O't.7 x 5^.9) 

309.8 
( " 5 ) 

— 33- i 146.65 
( 2 3 4 9 1 ) 

Cabook .(with mortar 
capring) 

12,7 x 6.56 x 5.08 
(322.9 x 166.6 x 129.0 

403.3 
(5-79). (1.18) 

123.25 
(1974.28) 

Cabook (without mortar 
capping) 

106.03 
(o-75) 

58.11 
(0.40) • 

Type I and Type II* bricks tested do not satisfy the 
dimensions specified in CS 39 :1968"" ; while no com­
ments can be made on the cabook blocks as regards its 
dimensions as there is' no standard covering cabook 
blocks. ' •' 

.The wet crushing strength of bricks.to CS 39 : 1 9 6 8 1 

should range from 700 lbf/in2 ( — 1 0 % ) to 22oolbf /n2 . 
From the R e s u l t s ' it is clear that only Type I bricks satisfy 
this code is regards crushing strength.. 

The best water absorption isjshown by cabook and it 
compares well with class I bricks of CS 39 : 1 9 6 8 1 while 
water absorption of type I bricks is equivalent to Class III 
bricks of the above standard. Type-II bricks do not 
satisfy CS 3 9 : 1 9 6 8 I as regards; water absorption too. 

Dry density .does not show large variations for the 
three kinds'of bjicks. Cabook shows lowest dry density 
while Type I bricks show the highest. 

i 

4 . 2 Mortar 

4 .2.1 Compressive Strength in lbf'in2 (MN/m2) 

Compressive strength results show the strength 
achieved in actual practice at the workability required for 
brick laying and also at minimum workability. . It also 
shows the large difference in water cement ratio at mini­
mum workability and at workability required for brick 
laying; In general the strength developed by lateritic 
soil mortar and 1 : 1 0 cement sand mortar are of the 
same order. 

4.2.2 Shear Bond Strength 

Water/cement, 
ratio 

7th day •14th day 28th day 

Lat. Soil": 
rrtoVta'r" 

.ht... ." 
;( Minimum 
workability) 

•43-'6 '••'. 
(0.310) 

» c 

56.9 .. 
'(o-^o'J) - • — • 

4.0 — ' — !3-5 
(o.°93) 

1:10 cement 
sand mortar 

0.6 • 
(minimum -. 
workability) 

46.5 
(o-'33o). 

6.3-75 
(o.454) • — • 

2.0 — • 19.9 
(0.138) 

Combination Shear bond strength 

• • j I 
• lbf/in* (MN/m 1) 

1. Type I bri.k with Lat. 
Soil mortar 27.1 (0.186) 

2. Type II brick with Lat. 
27.1 (0.186) 

Soil Mo-tar 29.5 (0-203) 
3- Type II bri .k with 1:10" 

29.5 (0-203) 

cement sand mortar 24.3 • (0.167) 
4- Cabook and Lat. SMI 

24.3 • (0.167) 

Mortar 29.3 (0.202) 
5- Cabookand 1:10 cement 

29.3 (0.202) 
5-

sand Mortar < 0 . 2 ( <o .ooi4) 
(very weak bond strength) 

Sh:ar bond strength results show that lateritic, soil 
rriortar exhibits better bond strength than 1 : 1 0 cement 
sand mortar. Further, higher bond strengths are shown by 
lateritic soil mortar when used with cabook and.Type II 
bricks. . • • . 

4 .2 .3 Lateritic Soil Tests 

Liquid limit 4 9 . 9 % 

Plastic limit" 3-8.4% •' 
Plastic Index 9.5 
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From the appearance of the soil and the high sand III* are unrealistic. Hence a factor of safety of 5.0'is 
content in the particle size distribution curve, the soil suggested for all the walls. -.At the basic stress value 
can be confirmed as a lateritic soil. Particle size distri- obtained using this factor, qf safety the wall will be tree 
bution tests also, show that both lateritic soil and sand of cracking and also its deformation will be elastic. 
tested were well suited as constituents of mortar. 

i •• 
4.3 Brickwork 1 

:Type 

Modulus of 
Elasticity 

lbf'in* : 

(MN/m 2 ) • 

Load ' 
factor at 
cracking 

Maximum 
crack width at 

failure 

Factor of safety 
of CP III. 

interpolated 
outside its 

limits where 
. necessary 

Ultimate stress 
after allowing 
for reduction 

factors 

lbf'in* 
(MN/m 2 ) 

Basic stress 

(lbf'in* 
(MN / jnJ 

Type I brick-
with 

9 " wall -
JIO.O (3 .510) 4 to 5 mm . , J-oo 

'.. 105.5 
. ( ° - 7 2 ° ) 

21. i 
(0.144) " 

Lateritic Soil 
mortar 

4 , "wall 
343.0 (z .401) ' 1-3 1.5 mm 5-55 

132.0 
(0-933) 

23.8 
(0.168) 

Type IT brick 
with 

9 " wall 
371 .4 (2 .600) 1.31 5 mm 7.00 

63.7 
(0.448) 

' 9 1 

(0.064) 

Lateritic soil 
mortar 

41 wall 
164.5 (1.152) ' •77 ' 1 mm 7.62 

9 ? J 
(0.633) 

12.0 
(0.083) 

Type II bricks 
with 

. 9" wall 
508 .2 (3 .557) 1.11 1 mm 7.00 

80.5 
" (0.553) 

11.5 
(0.079) 

1:10 cement 
sand mortar 

4 i " wall 
414.0 (2.898) ' ' •3 1 mm 7.62 

122.0 ' 
(0 .846) 

16.0 
(0.111) 

Cabook bricks 
with Lateritic soil 
mortar 

6 J " wall 
2 2 J - 5 (1-579) 1.76 3 mm 9-44 88.0 

(0 .604) 
9-33 
(0.064) 

Cabook with 1:10 
cement sand mortar 

6 t " wall 
116.8 (0.818) ' 1.63 3.5 mm 9.44 

119.0 
(0.812) 

12.6 
(0.086) 

For steel structural elements the factor of safety in 
B S 4 4 9 varies from 1.11 to 2.0. For concrete structural 
elements in effect factor of safety varies from 2.4 
to 4 .5 , in BSCP 114. 

For timber structural elements the factor of safety, 
recommendedisnot available but BSCP 112* recommends 
a factor of safety of 2.5 for strength tests on timber 
structures. As'for timber, the factor of safetyfor brick­
work included-in BSCP III9 is not available,-but the 
load factor recommended in obtaining permissible stress 
from test panels range from 5 to 12. 

Factor of safety in BSCP IIW is generally considered 
too high, and FosterB has demonstrated the unrealistic 
nature of these values. In this series o f tests too, the load 
factor at cracking and also the load/shortening graphs** 
show that factor of safety obtained by extending BSCP 

5. Conclusions 
The following-conclusions can be made from this 
investigation:— 

1. As type II bricks have little or no wet strength, 
these bricks can be used for partition walls and internal 
load bearing walls (locations where it will be protected 
from water penetration), when the load coming to the 
wall is not very large. 

2. Lateritic soil mortar gives better overall perform­
ance when used with cabooks than the use of cement 
sand mortar with cabocks, although it is slightly in­
ferior from the point of view of strength. 

3. For type II bricks use of lateritic soil mortar gives 
improved overall behaviour than the use of 
cement sand mortar in spite of the fact that it is 
inferior strengthwise. 
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NOTE:—In each combination 3 specimens were tested/and the lowest value was taken as compressive strength. 

Type 
Wall 

thickness 
Factor of safety 

by extending CP III 
Basic Stress 

lbf/i»2(MN/m2) 
Suggested 

Factor of Safety 
Suggested 

Basic Stress ; 
lbf;in 2(MN/m2) 

Type I brick with 

i 
Lat. Soil mortar: 

9 " 5.00 2,1.1(0.144) 5.00 21.1 (0.144) Type I brick with 

i 
Lat. Soil mortar: 4 * " . 5-55 23.8 (0.168) 5.00 26.4 (0.186) 

Type I I brick with' 

Lat. Soil mortar 

1 

9" "'" 7.06*"* 9.1 (0.064) j.oo . 12.7 (0T089) Type I I brick with' 

Lat. Soil mortar 

1 

7.62 ; "12 .0 (0 .083) 
1 

j .oo 18.3 (0.126) 

Type. I I brick with 

1:10 cement sand 
moitar 

9": 7.00 u . j (0.079) i 5 , 0 0 16.1 (0.110) Type. I I brick with 

1:10 cement sand 
moitar 

•4*?' . 7.62 \ 16.0 ( o . i t i ) : • 5 . 0 0 ' 24.4 (0.169) 

Cabook with Lat. 
soilmortar 

9-44 

• . t 

* "9-33.(o ;o64) 5.00 • 17.6 (0.121) 

Cabook with 1:1:0 
cement sand mojrtar 

6 V 9 4 4 ; '. 12 .6 (0 .086) J.OO 23.8 (0.1.62) 
. 4 

4. Lateritic soil mortar is.riot suitable for use with 
Type I bricks as its load icarrying capacity is con­
siderably reduced. • ; 

j . Results of this investigation compare well with 
work by previous~research,;rs as suggested by a 
comparison of brickwork strength. to ( brick 
strength. 

6. A close examination of load -factor, at cracking 
and elastic, behaviour of the wall suggests that 
the factor of safety obtained by using BSCP IIW 
and extending by extrapolation when necessary 

. is unrealistic as demonstrated by other researchers. 
A factor of safety of j . 6 , i s recommended as 
suitable. 

7. The table of basic stress of. CP1119 can be ex­
tended as shown in; Table opposite. 
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Description of 
Mottat 

Mix (part by Volume) Harden­
ing time 
after com­

pletion 
of work 
(days) 

Basic Stress in MN/m 2(lbf 'in2) correspond­
ing to units whose crushing strength in 

MN/m 2(lbf (in 2) Description of 
Mottat 

Cement Lime Lateri­
tic 

. soil 

Sand 

Harden­
ing time 
after com­
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Basic Stress in MN/m 2(lbf 'in2) correspond­
ing to units whose crushing strength in 

MN/m 2(lbf (in 2) Description of 
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Cement Lime Lateri­
tic 

. soil 

Sand 

Harden­
ing time 
after com­
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of work 
(days) Cabook Brick 

Description of 
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Cement Lime Lateri­
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. soil 

Sand 

Harden­
ing time 
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(4o) 
0.70 
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Cement with Plasticiser 
Masonry Cement 
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