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Housing like food and cloth is a basic need of a human. India is the 
second most populous nation of the world. With such a large population, housing 
is an acute problem. Low and middle - income groups find it very difficult to build 
their own houses. 

Brick masonry is cheaper as compared to R.C.C. construction for low rise 
buildings and is made more economical by using Rat-Trap bond construction 

developed by famous architect of Kerala, Mr. Lauri Baker. However, more than 

50% area of our country, India, is seismically active. In the past severe 
earthquakes all over the world, masonry buildings have generally been damaged 

the most. Therefore, to check its safety in seismic areas, a one room building of 
size 3.5mx3.5mx3m with doors and windows (one brick thick wall) in seismic 
zone IV made by Rat-Trap bond is analysed by Pier method. The results have 
been compared with that of the conventional English bond construction of same 
shape and size. It is found that the stresses developed in Rat-Trap bond 
masonry are within permissible limit. Tensile stress developed which is critical in 
earthquake prone area is less in Rat-Trap bond construction as compared to that 
developed in English bond construction. Details of junctions are also proposed 

for such constructions for placing of vertical reinforcement. 
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CHAPTER 1 

INTRODUCTION 

Masonry constructions in brick and stone are the most common forms and 

even mud also is used in masonry and as mortar in such constructions. Mud 

walls in building construction with or without fibre reinforcement continue to 
dominate the rural housing of the pours. Large numbers of mud walls are built 

more by convention or by local practice. Brick masonry is extensively used in 
walls, retaining walls, pillars, piers, arches, and wells. Stone masonry was the 

most popular for monuments and state buildings before the advent of reinforced 

concrete. Of course, the brick masonry constructions continue to dominate the 

scene either as local bearing walls or as filler walls in multi-storey buildings. 

Brick masonry is preferred over other type of masonry due to the following 
reason (8): 

• Bricks are of uniform size and shape, and hence they can be laid in any 
definite pattern. 

+ Brick units are moderate . in weight and small in size. Hence they can be 
easily handled manually. 

• Bricks don't need any dressing. 
• The art of brick laying can be understood very easily and even unskilled 

masons can lay brick masonry. 

+ Bricks are easily available locally. Due to this, they don't require 



• Light partition walls and filler walls can be easily constructed in brick 
masonry. 

Like food and cloth a house is the basic need of a human being. India is 

the second most populous nation of the world. With such a large population 

housing is an acute problem. Low and middle- income group finds it very difficult 

to build their own houses. Thus there is urgent need to reduce the cost of 

construction by adopting the newly developed techniques. Brick masonry is 

cheaper, as compared to R.C.C. construction for low rise buildings and can also 

be made more energy efficient and economical. This economy can be achieved 

by different ways like using hollow bricks, changing the pattern of bricks in 

construction of walls known as `BOND' coupled with built-in cavities etc. However 

the walls constructed by these different techniques should be able to withstand 

and transfer the loads acting on the roofs ot the foundation. Also, functionally, 

the walls should provide necessary thermal comfort, fire safety and adequate 

ventilation. One such type of bond (other than the conventional bonds known) is 

`Rat-trap' bond. This bond in brick masonry is of late gaining popularity as a 

technique for masonry construction for low cost housing and is promoted by 

various organisations all over the country. The bond, developed by famous 

architect of Kerala Mr. Lauri Baker, results in 25% saving of bricks and mortar. (') 

In the past severe earthquakes all over the world, the masonry buildings 

have generally been damaged the most because of their heavy weight, low 

shearing resistance, lack of proper bonding between longitudinal and cross walls 

and poor workmanship. So more studies and experiments on masonry structures 

in seismic zones are required. The aim of the present study is to examine the 
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1 BONDS IN BRICK MASONRY 

Bond is the inter-placement of bricks, formed when they lay or project 

beyond those immediately above or below them. It is the method of arranging 

the bricks in courses so that individual bricks are tied together and the vertical 

joints of all the successive courses don't lie in the same vertical line. Bond of 

various types„by their elevation or face appearance.On account of their uniform 

size and shape, the bricks can be arranged in a variety of patterns giving rise to 

different type of bonds. 

If the bricks are not arranged properly, continuous, vertical joints will 

result. An .unbonded wall with its continuous vertical joints has much less 

strength and stability. Bonds help in distributing the loads over a large area. 

Since bricks are small units, having uniform dimensions, the process of bonding 
is easily performed. 

The commonly adopted bonds in brick -work are Stretcher Bond, Header 

Bond, English Bond, Flemish Bond, Facing Bond, English Cross Bond, Brick on 

Edge Bond, Dutch Bond, Raking Bond, Zigzag Bond, Garden Wall Bond. 

Housing which is one of the basic needs of a human being, has gone 

beyond the reach of common man in our country. Housing problem is quite 

complex - a problem of income of common man on one side and a problem of 

allocation of sufficient funds by the government on the other side. The study on 
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III 

To examine the suitability of Rat-Trap construction in seismic areas, a 

single room building (with Rat-Trap bond) situated in seismic zone IV is studied 

and is analysed by Pier Method (The method is given in detail in Appendix B). A 

building of same shape and size in English bond construction is also analysed to 

compare the results of the two types of bond construction. For Rat-Trap 

construction, it is assumed that the cavities are continuous through out for 

simplicity of calculations. In real practice, these cavities. are not continuous. This 

discontinuity provides extra strength to the structure. Thus our assumption is on 
conservative side with regard to strength of building. 

Reinforced masonry building walls, should not be built of total height 

greater than 15m subjected to a maximum of four storeys when measured from 

the mean ground level to roof slab or main tie level ('). For this reason, the 

analysis has been made for buildings up to four storey only. 



W is the total weight of the building and 

C is the flexibility coefficient depending on time 

period of the building. 

ANALYSIS OF A SINGLE STOREY BUILDING 

The plan of the building chosen is shown in Figs. 3 & 4 for Rat-Trap and 

conventional English bond respectively. The elevation is shown in Fig. 5 which is 

the same for both type of bond constructions. The room is one brick thick wall 

using traditional brick of size 23cmxl1.4cmx7.6cm with crushing strength 
75 N(btl 

in cement sand mortar 1:6. Since openings in the wall make it weaker, 

the analysis has been done for the seismic force acting in the longitudinal 

direction of wall which contains openings. 

Dimensions 

Plan: 3.96mx3.96m 

Height: 3.1 m (including 10cm thick R.C.C. roof) 

Door: 0.8mx2.Om 

Window: 0.9mx1.2m 

(A) Total Dead Load 

Rat-Trap Bond Construction 

Total dead load = dead load due to roof + dead load of walls/2 

=39204+ 7.206 x 
18835.2 =107067.23 N 
2 

English Bond Construction 

Total dead load 	= dead load due to roof4dead load of walls/2 

= 39204+ 

 

9.062><  1 
 8835.2 _124546.3 N 

(see Appendix- C for calculation of loads) 

0 



(B) Comparison of Time-Period 

Time Period T = 2n K , 

where m = mass and 

K = stiffness 

mRat-trap = 107067.23 Kg = m, (say) 

mEnglish = 124546.30iQ Kg = m2 (say) 

KRat-trap = 2x(2.58+1.9798+1.915)xE = 12.9496 E = K, (say) 

KEnglish = 2x(3.14+2.29+2.41)xE = 15.68 E =K2 (say) 

Here it is assumed that the shear stiffness of the wall is the sum of 

rigidities of piers and the rigidity of other portions has been ignored. (1) 
(see Appendix- D for the values of shear stiffness of individual pier) 

TE,,glisn _ m2K~ = 0.980 
TRaf —trap 	1721 K 2 

•~• TRat-trap = 1 .02 TEnglish 

0.09 x 3.1 
Now TEngrsh = 	sec.= 0.14sec 

3.96 

 formula for approx. time period of building T = 0.09H )(5) (Empirical 	 PP 	p 	 g is 

.•. Corresponding value of C = 1.0 

TRat-trap = 1.02x0.14 = 0.1428sec. 

Corresponding value of C = 1.0 

(C) Calculation of Lateral force 

Rat -trap bond Construction 

Total dead load W 	 = 107067.23 N 
As already worked out in equation (i), Base Shear V. = 0.08CW 

=0.08x 1 x 107067.23 

= 8565.38 N 

10 



As the building is single storey, lateral force at roof 	= 9963.7 N 
Since building is symmetrical about the axis parallel to the force, the lateral force 
taken by each wall 	 = ao 7!') 

(A) Dead load & Live load 
Tat-Trap Bond Construction 

Dead load of first storey + live load = 184731.45 N =W, 
Dead load of second storey + live load = 184731.45 N 	=W2  
Dead load of third storey + live load = 184731.45 N 	=W3 
Dead load of fourth storey =107067.23 N 	=W4 



Total load W = W +w2+W3+W4 
=661261.58 N 

English. Bond Construction 

Dead load of first storey + live load =219689.6 N =W, 
Dead load of second storey + live load =219689.6 N =W2 
Dead load of third storey + live load = 219689.6 N =W3 
Dead load of fourth storey = 124546.3 N  

Total load W = VV1+W2+W3+W4 
= 783615.1 N 

(see Appendix- C for calculation of loads) 

(B) Calculation of lateral force 

It is assumed that the ratio between the time periods of both the buildings are 
same as that of the single storey case. 

0.09 x 12.4 
TEngiish = 	= 0.56 sec. 

3.9~ 

Corresponding value of C = 0.75 
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APPENDIX - A 

MATERIAL PROPERTIES AND ALLOWABLE STRESSES 

Material Properties 

• Size of the traditional brick 

• Unit Weight of R.C.C. 

• Unit Weight of brick masonry(5)  

• Modulus of Elasticity of brick masonry(2)  
• Poission's ratio of brick masonry(2)  

= 23cm x 11.4cm x7.6cm 

= 25000 N/ma  

= 1920kg/m3  = ' 	i N/m3  

= 5130 MPa  

= 0.145 

Permissible Stresses(5)  

• Permissible shear stress in mortar not weaker than 1:6 mix (M, type) 

fS =0.1+fd  
6 

where fd  is the compressive stress due to dead loads in N/mm2  

In any case, this value should not be greater than 0.5 N/mm2  . 
SINGLE STOREY BUILDING 

(a) Rat-Trap Bond Construction 

fd  = 4.3 N/cm2  

= 0.043 N/mm2  

0.043  
. fS =0.1+  6  =0.1072N/mm2  

= 10.72 N/cm2  

Under design seismicity, increase in permissible stress(') 	= 33.3% 
:.Allowable shear stress 	= 10.72x1.333 	=14.3 N/cm2  
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APPENDIX - B 

PIER METHOD 

In any structure, if openings are there then piers are formed between the 

openings. All the forces coming on the structure are assumed to be taken by 
these piers. 

Assumption (1)  

(i) The rotational deformations of the portions above and below the 

openings are much smaller than those of the piers between the openings and 
are neglected. 

(ii) Shears are assumed to be shared among the piers such that t r  
tops deflect by the same amount. 

(iii) Piers are assumed to be restrained against rotation at the ends but as 
free to deflect and shear deformations are also considered. 

(iv) In calculating overturning stresses, it is assumed that stresses in the 
piers are proportional to the distance from the neutral axis. 

Method 
Step I 

First of all, relative rigidities of all the piers are found and the total shear is 

distributed to them in proportion to their rigidities. If the shear produced in any 

pier be `F' then maximum bending moments at their top and bottom sections will 

be2h  where h is the height of the pier. 

Step 2 

The maximum shear stress in the pier is calculated by 1.5F where Aeff  is 
efJ 

the area of the pier effective in shear. Factor 1.5 is taken to allow for the 
variation in the shear on a homogeneous section (3)  
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APPENDIX - D 

Notations used 

h 	= height of the pier 

d  = length of the pier 

A  = area of X-section of the pier 

Aei. 	= area of X-section of the pier effective in shear 

YL  = distance of left edge from neutral axis 

YR 	= distance of right edge from neutral axis 
S.  = section modulus at left edge 

S2 	= section modulus at right edge 

t  = thickness 

Pier P,R 

7.114, 

23n 
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8cn IL-- H- 8cn 

PierpIR  

h = 120cm = 1.2m 

Moment of Inertia about neutral axis 

23x 70.6 	[7.8x 233
70.6 	23 --••---- 

12 	L 12 	
2)] 

= 653052.6cm4  

= 653052.6 x 10 8m4  
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70.33   =23x 12  +23x70.3x25.722  — 	12 7.8 x 233 
 +7.8x23x4l.172  —  7.8123  +7.8x23x9.972  

85.67x2333  
+ 	12' 	+ 85.67 x 23 x 20.932  — 2 x 23 x 7.8 + 23 x 7.8 x 20.932  -  12 

•  
783 

 

8.02x . +8.02x7.8x20.932  
12 

= 2161099.654cm4  

2161099.654 x 10-8  m4 



d = 62.1 cm = 0621m 
t=23cm=0.23m 

Neutral axis from left edge 

23x 79 x . + 23 x 39.1 x 23 + 39:1 
2 	 2 

2716.3 
21.78cm 

Y L  = 21.78cm = 0.2178m 

Y R  = 40.32cm = 0.4032m 



h = 120cm =1.2m 
A - 7fl G:nm 7 !1G'— 





(a' Rat-Trap bond construction 
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APPENDIX - E 

DISTRIBUTION OF BASE SHEAR 

Rat-trap construction 

Total load W 	= 661261.58 N 

Base shear VB 	= 39411.2 N 

Calculation of storey shears 

W, hi W 1h ? Lateral force Lateral Storey 

W1h; force Shear 
= a ~ W'h2 

taken by 

one wall 

Fourth 107067.23 12.35 16330161.6 15758.1 7879.05 15758.1 

storey 

Third 184731.45 9.25 15806084.7 15252.5 7626.25 31010.6 

storey 

Second 184731.45 6.15 6987005.27 6743.3 3371.15 37753.9 

storey 

First 184731.45 3.05 1718464.32 1656.3 828.15 39411.2 

storey 

W; h 

= 40841715.89 
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English Bond Construction 

Total load W 	= 783615.1 N 
Base shear VB 	= 47017 N 

Calculation of storey shears 

W' h+ W ; h ? Lateral force Lateral Storey 
force Shear 

taken by 

one wall 
Fourth 124546.3 12.35 18996113.04 18550.66 9275.33 18550.66 storey 

Third 219689.6 9.25 18797191.4 18356.34 9178.17 36907 storey 

Second 219689.6 6.15 8309209.9 8114.30 4057.15 45021.3 storey 

First 219689.6 3.05 2043662.5. 1995.70 997.85 47017 storey 

JWlh2 

= 48146176.84 

47 



APEN®I _ F 

EXPRESSION FOR SHEAR STIFFNESS (RIGIDITY) OF PIER 

4 

Consider a pier of height h and width d fixed at both ends. Let I be 

the moment of inertia of the pier about the neutral axis of the pier, E be the 

modulus of elasticity of the material of the pier and G be the modulus of rigidity of 

the pier. 
Let, due to a horizontal force P, total deflection A occurs. All piers in any 

one wall having a top connecting element must deflect an equal amount; 

therefore, the piers will each tend to resist the total applied force in proportion to 

their rigidities. 

Now A=Am +As  where 

Ph  3 ®M  = 12E1 = deflection due to moment 





APPENDIX - G 

CALCULATION OF STRESSES 

Calculation of Stresses due to Dead load & Live load 

SINGLE STOREY BUILDING 

Rat-Trap bond construction 

Total W 
	= 107067.23 N 

Total area of piers in one wall 
	= 2167.57+1265+2807.154  

= 6239.724 cm2  

.. Stress faR = 
107067.23 = 4.3 N/cm2  

4 x 6239.724 

English bond construction 

Total W 	= 124546.3 N 

Total area of piers in one wall 	= 2716.3+1623.8+3587.31  

= 7927.41 cm2  

.•. Stress faS = 124546.3 = 3.93 N/cm2  
4 x 7927.41 

FOUR STOREY BUILDING 

FOURTH STOREY 

(i) Rat-trap Bond Construction 

Same as calculated in single storey case 

_  107067.23  = 4.3N / cm2  
f aR 

 
4x6239.724 

(ii) English Bond construction 

_ 124546.3 
=3.93N/cm2   

f as  4 x 7927.41 

X5 2 67 
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Total W 	= 661261.56 N 

62.1 crn 	 70.6cm 	—-  
93.3crr 

p3 



N.A. 14.42cm tub 





SINGLE STOREY BUILDING 

(i) Rat-trap Bond construction 

140.18cm 325.28cm 

225 

n 

1242.09N 

Overturning moment Mo  about A 

=4282.69x225+1242.09x80 = 1062972045 N-cm 

M
° 	

1062972.45 
.•. Proportionality constant = 	2  = 	= 0.007 

A;  Xi 	153553311.2 

.Average overturning stress in pier P1R  = 0.007x187.28 	= 1.3 N /cm2  

Average overturning stress in pier P2R  = 0.007x21.76 	= 0.152 N /cm2  

Average overturning stress in pier P3R  = 0.007x1 54.41 	= 1.081 N /cm2 

(ii) English Bond construction 

139.66cm 	
25.28cm 

4961.85N 	/ 	
1 

L 
1992.74N I 80cm 

1514.41 N 
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Overturning moment MO  about A 

4981.85x225+1544.41 x80 = 1244334.05 N-cm 

Proportionality constant ^ - 	1244334.05 
• A; X 2 	191583505.7 ='O.OU65 

.°.Average  overturning stress in pier P1  = 0.0065x186.28 	=  1.212 N/cm2 
 

Average overturning stress in pier P2S  = 0.0065x20,88' 	=  0.136 N/cmZ 
 

Average overturning stress in pier Pas = 0.0065x155.19 =  1.01 N/cmz  



Overturning moment MQ about A 

= 9275.33x225+2875.2x80 = 231696.25 N-cm 

Mp 	2316965.25 
Proportionality constant = 	_ 	= 0.012 Z A ix 	191583505.7 

:.Average overturning stress in pier P1  = 0.012x186.28 	= 2.238 N/cm2  

Average overturning stress in pier P2S  = 0.012x20.88 	= 0.25 N/cm2  

Average overturning stress in pier P3S  = 0.012x155.19 	= 1.86 N/cm2 
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(ii) English Bond construction 

9215.33N 

9178.17cm  

14 cm 4057.15N 

997.85N 

139.66cm 

325.28cm 

  

   

cm 

LA 
9403N 

2 

6817.9N 

535 

80..c 

7287.6N 

 

Overturning moment Mo  about A 

= 997.85x225+4057.15x535+9178.17x845+9275.33x1155+7287.6x80 

21446659.3 N-cm 

Mp 	21446659.3 Proportionality constant _ 	_ 	= 0.112 
EAiX 191583505.7 

.•. Average overturning stress in pier P1  = 0.112x186.28 	= 20.9 N/cm2  

Average overturning stress in pier P2s  = 0.112x20.88 	= 17.38 N/cm2 

Average overturning stress in pier P3S  = 0.112x155.19 	= 23.17 N/cm2 
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