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ABSTRACT

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

vbuildings 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 bunldmg 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 construct;on 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. Detalls of junctions are also proposed

for such constructlons for placing of vertical reinforcement.
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CHAPTER - 1

INTRODUCTION

| Masonry constructlons in brick and stone are the most common forms and
E»vegn mud also is used in masonry and as mortar |n such constructions. Mud
Waljs; in building construction with or without flb_re irezlnforcement continue to
' dorﬁinate the rural housing of the poors. Large nUmbérs of mud walls are buiit
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 contmue to domlnate the

scene elther as Iocal bearlng walls or as filler wa||s in multl storey bu:ldlngs

Brick masohry is preferred over other type of masonry due to the following
- reason ®:

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

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

s Bricks dbn’t-neéd any dressing.

o The art of brick laying can be understood very easily and even unskilled
masons can lay brick masonry. ' |

e B:ricks are easily' available locally. Due to this, they don't “require

transportation from long distances. | | |

- Ornamental work can be easily done with bricks.



o 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 difficuit
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 roofsg 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



suitability of the ‘Rat-trap’ bond construction in seismic zones. Cofnpéfison of
- :stresses developed in the Rat—trap bond and the conventional ‘Enghsh bond

has been done by Pier method to assess the seismic safety status of the two
_forms of bonds. '




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

ane el.t;#n?u.tst«.:) - -
various types,by their elevation or face appearance.fn 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



the income patte“rns'of our people will show that it is very difficult to bring down
the cost of Iand burldlng materials and Construction cost in Ilne W1th income of

our people Therefore for reducrng the cost, development of new technlques has

pOSSIblllty in Wthh matenal savmg is about 25% and is of late galnlng populanty

- asan alternatlve technlque for masonry constructlon for Iow cost housing.
2.2 RAT-TRAP BOND

The famous architect Mr. Laurl laker has developed this Rat—Trap bond
Rat—Trap bond masonry, also referred to as Rowlock or Rolock walls may be :

| defned as a wall compnsmg of two leaves each leaf betng burlt of -burnt clay

10ecm to 13cm and thlckness varies from 5cm to 7.5cm. The commonly adopted

~ nominal size . of tradrtlonal brick is 23cmx114cmx7 60m (9”><4 5”><3 )_

_bnck and IS 7 80m by using brlck of size 23cm><11 4cm><7 6cm. The brlcks are
| :lard with cav1ty left between two. Ieaves of bncks on edge Wl'[h a header after_ :

| every stretcher All frogs of the bncks are kept toward.s.c.avrty

Half or cut bricks should be avouded as far as pos&ble by adjustrng the

| jthlc:kness of the mortar Jomt lf half cut bncks are unavmdable they should be



placed near th3e“e:nd; of the walls @ |
In the conventlonal brick masonry, one face of wall is neither in plumb nor

in llne due to uneven size of bricks. Therefore pointing can't be provided for
exposed brick- work. In the Ra.t-Trap bond, both faces can be made in plumb
and Ilne by adjustmg the caV|ty Thus pomtlng can be provided on both srdes if

) deswed toi lmprove aesthetlcs and av01d plastenng A plan of alternate course

o of:Rat-Trap bond is shown |n Flgs 1 & 2 _

2.3 DESIRABLE P;LACEMENT?QF PENING @

: stru ctu res:

(a) Top of opening in the building should be at the same level SO that a . ,
ContanOUS hnt,_‘;;_ L e

d could be prov:ded over them b

(b) The tota wudth of openlng should not be more than half of the length of
; 'the waII between the adjacent cross walls RRI R R

(c) The openlng should preferably be Iocated away from the,'? "'rher by a
| clear distance equal to at Ieast 1/8th of the openlng | R

(d) Horlzontal dlstance between two openlngs should not be Iess than




onlyflve courses in 2 feet

nds, resulting in 25% to

seismlc safety status of? |




CHAPTER 3

ANALYSIS BY PIER METHOD

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

smgle room building (with Rat-Trap bond) situated In seismic zone 1V is studied

and |s analysed by Pier Method (The method is glven in detall in Appendix B). A

compare the results of the two types of bond constructlon For Rat-Trap

construction, it is assumed that the cavities are contlnuous 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

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

analysis has been made for buildings up to four storey only

the mean ground level to roof slab or main tie level . For this reason the

CALCULATION OF DESIGN HORIZONTAL SEISMIC FORCE

The seismic force is cons:dered for the bundlng as per IS: 1893 1984 for

zone |V W|th approprlate values of soil founda‘uon factor (B), importance factor
(/) and performance factor (X). For seismic zone IV, with 1= I,p =t1; K 16
anda, =0.05, the deS|gn base shear is obtained as




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 tragitional brick of size 23cmx11.4cmx7.6cm with crushing strength

Ve aee 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: 3.1m (including 10cm thick R.C.C. roof)
Door: 0.8mx2.0m
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

7.206 x 188352

=39204+ 5 =107067.23 N
English Bond Construction
Total dead load = dead load due to roofidead load of walls/2
= 39204+ 2062 "21 88352 1245463 N

(see Appendix- C for calculation of loads)

9



(B) Comparison of Time-Period

Time Period T =2n \/% ,

where m = mass and

K = stiffness

Meaume = 107067.238 Kg = m, (say)

Mengish = 124546.304) Kg = m, (say)

Kratirap = 2%(2.58+1.9798+1.915)xE = 12.9496 E = K, (say)
Kengish = 2%(3.14+2.29+2 41)xE = 15.68 E =K, (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.

(see Appendix- D for the values of shear stiffness of individual pier)
T

English — JHZZKI - 0980
TRnf —irap nzl K2
. TRat;trap = 1-02 TEninsh

0.09x 31
English = Wseo.z 0.14sec

Now T

0.09H

(Empirical formula for approx. time period of building is T = ——— )®

Jd
.. Corresponding value of C = 1.0

Tratwap = 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 Vg = 0.08CW

=0.08x1x107067.23

= 8565.38 N

10



- ”Dead Ioad of fourth storey

E As the bulldmg is srngle storey, lateral force at roof = 8565 38 N

Slnce buﬂdlng |s symmetrlcal about the axis paraEIeI to the force the Iateral force

taken by each wall o ~ =8565.38/2
. Lo _ .. | ; s 56 N
‘English Bond Cvo-nstruction

Totaldead load W e ;_'1’24546;3N'

_Smce burldmg |s symmetncal about the axis parallel to the force the Iateral force

taken by each wall i - =0963.7/2
| =4981.85N

The calculation of all the stresses has been shown in Table 1 for Rat-Trap
_'_c'onstru;:tion a'r_t_d‘_.ih:_:T'able 2 for English bond construction.

~ ANALYSIS FOR FOUR STOREY BUILDING

For the four storey building, it is assumed that all the store

._has been” done 'fo:r_the two storeys.
: (A) Dead load & Live load

Tat-Trap Bond Constructlon

Dead load of first storey + live load ~~~ =184731.45N =W,
~Dead load of second storey + live lo | = 15 N =W,
%%Dead load of third storey + llve lo = =W,

| =1 07067.23 N =W,




. Total load W ' =W W+ W +W,

e =661261.58 N
English Bond _(_;Zgh,struct_ion :
Dead load of.fi_riSt'Stor,e‘y' + live load =219689.6 N =W,
Dead load of second storey + live load =219689.6 N =W,
Dead load of third storey + live load =219689.6 N =W,
| EDead load of fourth storey A = 124546 3 N - =W,
: - Total load W S WAWAWW,
| ”w— 783615.1 N

(see Appendix- C for calculatlon of Ioads)

'(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. B

0.09x124
TEnglish = —?*\/Tg_‘

:Correspondmg value of C=0.75
Tratiap = 1 02x0 56 = 0.57sec.
Corresponding value of C = 0.745

= (.56sec.

Rat-Trap construction 3
Total load W | . =661261.58N
Base shear V, = KCa, W

=1 .6><_O.745><0..05.x661261, 58 N

: s | = 394112 N
© Lateral force at first storey =1656.3 N
~ Lateral force at second storey =6743.3 N
Lateral force at third storey o= 152525N
l:_'até:ral force at fdurth storey (roof) o =157581 N

(For the distribution of base shear to dzifferehgt étbreys, see Appendix -E)

12



Enghsh

'_ jC_.ien:st_ru.cti_on |
Total load W o '

783615.1 N
KCOLhW

Base shear VB oooin e e o e = KBy W e

1.6x0.75x0. 05><783615 1N
=47017 N
=1995.7 N
= 81%t4 3N
= 18356 34 N

_ . Lateral :force at flrst storey

' constructlon

AII the stre ses and thelr combmatlons has been tabulated ln Table 4 for

the first storey for Rat Trap constructlon and in Table 6 for Engllsh bond
constructlon |

'(Ferf'calculation of different 's:t'ress'es, see Appendix- G)
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Comparison of Results for English & Rat-Trap Bond Constructlon

On the baSlS of studies reported on one and four storeyed buuldmgs the

followmg observattons are made :

e For single storey bundmg, all stresses for both the bonds of constructlon arei'_

der permnssnble Ilmlt

| S:hear stress, which is critical for bnck masonry, ln the pler of Rat-trap bond :

ﬁoonstructlon

Su:tablllty of Pler Method

To check the su1tab|l:ty of Pier. method study l@s boen made of two.

models of a one bnck thick wall (snze 3 96mx3m) has been made in finite

' element based COSMOS/M package One model is wall of Rat-Trap bond and
the other |s_o'

in the dlrectlon of applied lateral force. Other movements of both the ends forﬁ: |

both walls are kept restralned Dlsplacements of the two walls are plotted whlch."




COSMOSIM Resuit .....

Shear_
Shear s

vghsh bond - Max dlsplacement of Rat Trap bond
[:f' Trapibcf nd Max dlsplacement of Enghsh bbﬁd

0.0_0_0520

ffness of Englishbond_ 01566E

ces are encountered




CHAPTER 4

DETAILING OF REINFORCEMENT

In seismic areas, masonry burtdmgs require steel reinforcement at certain

_ ;locatrons to take care of tension resulting from selsmsc Ioads 1S:4326-1993 gives

etalts of such provisions with regard to conventlonal br:ck bonds. Vertical

rernforcement in the form of mild steel bars, is provnded in brick columns brick

walls and brick retaining wa!ls In such a circumstance, spemal bricks, wrth one.

or two holes extending up to the face, are used. Vertical mild steel bars are then

- placed in the holes. These bars are anchored by steel plates or wire tie at some" -

suitable znterval Thls requrres skilled labour and extra money for provndmg'é_
special bricks. - = '

~ Vertical remforcement can also be given by leaving holes at the corners of

the walls and these pockets are filled with vertical steel bar W|th mortar/concrete

Figure:'6 shows the arrangement for vertical steel in one brick thick wall as
suggested by IS 4326 1993 This also requnres skllled labour and cut bncks (thus

wastage of brlcks) Also thls hole is not exactly at the centre of the corner.

In Rat-Trap bond constructlon some parts of holes are contlnuous Usmg
this, a bond similar fo Rat Trap bond, is worked out and suggested for one brick
thick wall in which a contlnuous pocket (of srze 7 6cmx7 80m) is available at the

- corner which is exactly at the centre of the corner of the wal! It requires nerther

22
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CHAPTER 5'_

CONCLUSION

For the constructlon of low cost houses in seismic zones havmg better

thermal condltlons wrthln the available resources of our country, the ‘Rat- trap

more than 50% area |n actlve seismic zones
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APPENDIX - A

MATERIAL PROPERTIES AND ALLOWABLE STRESSES

Material Properties

* Size of the traditional brick =23cm x 11.4cm x7.6cm
e Unit Weight of R.C.C. = 25000 N/m?®
188352
*  Unit Weight of brick masonry® = 1920kg/m® = #888802 N/m®

*  Modulus of Elasticity of brick masonry®  =5130 MP,

» Poission’s ratio of brick masonry® =0.145

Permissible Stresses®

* Permissible shear stress in mortar not weaker than 1:6 mix (M, type)
f
f,=01+-2
° 6

where f; is the compressive stress due to dead loads in N/mm?

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

—_— s e e el MAMWILLJIING

(a) Rat-Trap Bond Construction

f, =4.3 Nfcm?
= 0.043 N/mm?

0.043
S =014+ —g =01072 N/mm?

=10.72 N/cm?
Under design seismicity, increase in permissible stress® = 33.3%
.. Allowable shear stress =10.72x1.333 =14.3 N/cm?

26



f = 3 93 N/cm .
o o_.0393 N/mm?2

00393
f=01+ 6 = 010655 N/mm?

= 10.655 N/cm i
ase in permssnble stress(s’

s 11_;1-,10655><1 333

f%—é3._.,’3% -
 214.203 Nfem?

f, =4.3 N/lcm? "
--—0043 N/mm e

004 |
fs =01+ = 01072 N/mm

=10.72 N_l_cm

Under deSIgn setsmlmty increase in permussnb!e stress("”

- Allowable shea‘r_; tress =10.72x1.333

(b) English BondConstruction .

f '=3.93 N/em?
o= O 0393 N/mm

Elgn selsmlcnty, lncre ease ir = 33 3% |

";shear stress e o ' 4;.203 N/cm

1':6:5x1 3335




FOR FIRST STOREY
' _(a;) ‘RatifTrap BOn_d Construction
. f, =27.5 Nlcm?
= 0.275 N/mm?

0.275
sf =014+ 6 —01458 N/mm

= 14,58 N/cm,i_;,;,_; T
. =33.8%
~ =19.435 Nfcm?

Under%d'eSIQn selsmrc‘,lty, increase in permr :

oWable shear stress = 14, 58‘>< 3
English Bond Construction e
fy =25.7 Niem? -
E 0;257'N1fnm2
5
£, =01+ ——026 ! = 01428 N/mm?

=14.28 N/Cl’l"\2
icity, | increase in permlssmle stress(‘” =33 3% S

Allowable shearstress =1428x1333  =19.035 N/cm?»»

) PermlsS|bIe tensrle stress in mortar not weaker than 1: 6 mix (M, type)

| =0.14 N/mm | _..—14 N/cm
Under deS|gn seismicity, increase in perm|SS|bIe stress® = 33 3%

. Allowable tensrle stress ' = 14_><1.3_33 = 18.66__2 N/cm 3 |
. Permissibie compresswe stress | :

It is assumed that brick of crushing strength e 5 N/mm in mortar 1: 6 mlx

BaSIC stress | e o= 0 74 N/mm e |
Ratio of helght to thlckness of brlck of SIze 23cm><1 1 4cmx7. 6cm
o —7‘6/_1:14
= 067< 0.75

:28:';



ble compresswe ss '

= 0986 N
= 98 6 N/cm

= 0 74x1x1 333
= 0,986 Nimm?
=986 Necm®



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 "

(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.

thei
(if) Shears are assumed to be shared among the piers such that thgte
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 1

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
be % where h is the height of the pier.
Step 2

1.5F

The maximum shear stress in the pier is calculated by where A is

off
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 ©
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culated as

Combmmg

I!’the stresses the maXImum and mInlmum stresses on the
 section of each pler IS d»etermlned by T :

f fb+f +f

: W_hiﬁGh ma:y_ b_e“ pjo; 5

ie:or negatlve dependlng upon the relative mag.nltudes and

! ';7 _signs of the Comp nent stresses.




"APPENDIX- C

CALCULATION OF TOTAL DEAD LOAD & LIVE LOAD

Single Storey Building
Rat-trap Bond Construction

Dead load of roof = 3.96x3. 96x0. ’|x25000
e = 39204 N i <
/olume of Walls = (3.967-3. 52)><3-—0 23x0.8x2-2x0.23x0.9x1.2

| —32><O 23><0 078><3 6>< v 8x1—4>g0.23x
o 0 O78><1 8-9x0. 176x0 078><—1i.8 -

=7, 206m - o
- Total dead load = dead Ioad due to roof + dgéd load ofwalls/Z}f :
=39204+ /200 X218835 = =107067.23 N
Engllsh _B_o_nd Constructlon g
~ Dead load of roof = 3.06x3.96x0. 1><25000N
| = 39204 N
- Volume of walis = (3.96%-3. 52)><3 2x0. 23><O 8><2—2><0 23x0 9x1 2
| o = 9.062m?3
. Total dead Ibad = dead load due to roofidead load of walls/2
= 39204 2062 x218835 2 —124546 AN

Live load on floors = 2500 N/m* |
For seismic calculatton 25% of live load. WI|| be taken(a’

. Live Ioad on 1y, 2.4 and 3rd ﬂoor for calculatlon of selsmlc force -

2500><396><396
4

N 9801N
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of second storey/2+L|ve load on flrst floor
7.206x1_8835.2+9801 3 1-?._45 N =W,

of second storey + |ive lo_

~ Dea

oad of second floor + _D - of walls of second stolfey/2+Dead

alls of third storey/2+L|v
= 1:84731 45 N =W,

| second floor

= Dead load of thlrd ﬂoor + Dead load of walls of third storey/2+Dead
load of walls of fourth storey/2+L|ve Ioad on third floor
--1-84731 45 N W

~107067.23 N =W,
~Totalload W = W, +W,+W, +W i
- -'--661261 B8N

E-ng-ns'h“ Bon-d*féoﬁs&uction

Dead Ioad of flrst storey + l|ve load -

9 062>< 1 883502+9801

of second storey + llve lo

load of second floor + I

alls of third storey/2+Liv




=219689.6 N =W,
Dead load of third storey + live load
= Dead load of third floor + Dead load of walls of third storey/2+Dead
load of walls of fourth storey/2+Live load on third floor
=219689.6 N =W,
Dead load of fourth storey
= Dead Ioad of roof + Iead Ioad of walls of fourth storey/2
= 124546.3 N =W4 i |
:tal load W = W, +W,+ W, +W,
=783615.1 N
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APPENDIX - D

SECTIONAL PROPERTIES OF PIERS

Notations used

h = height of the pier
d = length of the pier
A =-area of X-section of the pier
Aeff = area of X-section of the pier effective in shear
Y,  =distance of left edge from neutral axis |
Yr = distance of right edge from neutral axis
S, = section modulus at left edge
S, = section modulus at right edge
t = thickness
 PlerPy
S
|
,—4 1

h =120cm = 1.2m
: ;d =62.1cm = 0.621m
o L t ;230m =0.23m

35



© Max: ﬂa?nééé;;weiqihz = % 3t= }1270 +3x23 = 79¢m
..... A)- 3><23><7 8 1.35%7.8
= 21 67.757 cm?
= 0.216757m?
Aer = 2167.57-3x23x7.8-1.35x7.8
=1190.01cm?
= 0.119001m?

Neutral Axis from left edge

79><23x—22§+391x23x(23~}3§'})—2x23x78x§—23x78><(3(194%3)

216757
=218m

=02188m
Y, =21.88cm =0.2188m
Yr =40.22cm =0.4022

Moment of Inertia gabout’ neutral axis

. x : | 8 | L
=79>1<223 +23x79x(2188—?) —2{M+23x7.8x[2188_22§) }_ .

12

3 : 3
[}ﬁ;g— 135x78x(218—§)} géx—39—'1~+2_3><39.1><(621 2188—%)

12
78 %233 | 23)?
—————+7.-8><23><(621 2188 - 82—-7

= 649553.1745cm*
= 649553.1745x 10 m 4

s’:1 w—29687.07cm3
S 2188
S, = ,w—lélso.()cm?’
S 4o
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Pier P

B.2cm -—8.2cm

23cn \/<

"h3l,8CM“—“’7

70.6cm
h=120cm=1.2m

d =70.60m =0.706m
t=23cm= 023m
A=A, =23x70.6-2x23x7.8
= 1265cm?* =0.1265m?
Y. =Yg = 35.3cm = 0.353m

Moment of Inertia about neutral axis

3 w773
:———_23X70'6 _2x|:7.8x23 +7.8x23x(7—g'§-—8.2—2§)J

12 12 2
= 653052.6cm*
=653052.6 x 108 m*

=8y = 9939926 1 es00.07cm?
: 353 o
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Pier P,

d 23Cm -
7.8¢m
B02cn
Bich . i
23[:-»
l 85.67¢cn
B.icm \ T
‘ r_‘___23cm_’;.]:.~__.;fs,ecn 23cm
1 N I W — l
2demiy
A ISAlScn
7.9cm

h =200cm =2.0m
d = 93.3cm =0.933m
t=23cm =0.23m

h 200
Max. flange width = =55t 3t= ETI 3 x 23 =85.67cm

A= 23x85£67+70.3x23—4x23x7.8—7.8x8.02
= 2807.154cm? = 0.2807154m?
Asr = 93. 3><23—2><23><7 8 = 1728.210m?
= 0. 172821 m
Neutral Axls from left edge '
85.67 x 23 x '_22-3_*‘170-3X23X (23+—g—3) [2x23x78+78x 802]>< -23

—23 % 7.8><(30.9+§) —23x 7.8><(933 82—-2;)

| 2807.154
= 3243cm |
=0.3243m

Y, = 60.87m = 0.6087m

Yr = 32.43cm =0.3243m
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Moment of Inertia about neutral axis

3
=23 70.3

3 3 .
+23% 703 % 25722 —[—7—% +78% 23 x 41.172} —{%ziw.s x 23% 9.972

, 8567x23° [23 78>
12

S +8567x23x2093 - 2x +23x 7.8 x 20,93 } -

ey g3 2
- :_‘__;‘;8‘.‘()2;><—12—+8.02><7.8><20.93

=2161099.654cm?*
=2161099.654 x 108 m*

~ 2161099.654

6087 |
5, = 2P essstigom?
: L 32.4‘3 : ) - R

. = 3550353cm’

F—23cn—f

23cin

6a:len

h=120cm = 1.2m

39




d ::62.._1cm 0621m

| h 120
Max ﬂange W|dth et E +3t= 15 +3%x23=79%cm

A= 23's<'7'9+23><39 1
= 2716.3cm2 = 0. 27163m
Aw-23x621-14283cn1 |

= 0.14283m?

Neutral axis from left édgef

27163
=2178m
Y, =21.78cm = 0.217:8m
Ygr =40.32cm = 0.4032m

Moment of Inertla about neutral axis

: 79><233
12

= 774640_.27cm_

= 77464027 x 108 m*

. 77464027

e BT

_ 77464027

4032

+23%39.1x 20772

: Nead
+79x 23 10287 + 23x391° "1---329'1

= 35566.6cm°

=1921231cm®




F’iE&r F’zs

70.6Ccm—-

23cm

h =120cm =1.2m
d=706cm=7.06m
t = 23cm = 0.23m
A=A4=23x70.6 = 1623.8cm?
| = 0.16238m>
. Neutral axis from left edge = 35.3cm = 0.353m
Y, =Yg=35.3cm
| Moment of Inertia about neutral axis
N esn0ed
12
= 674467 x 108 m?
674467
353

= 674467cm?

S1 =S, = =19106.7cm>

41



23cn.

3'5"6'7;"

93.3cn

~ h=200cm = 2.0m
d= 93 3cm 0.933m |
t= 23cm O 23m

h . 200 |
Max. ﬂange width ——+3t —— +3x23 =85, 67cm

12 12
- A'=23x70.3+23x85.67 = 3587 31cm?
= 0. 358731 m?
Aeﬁ = 23><93 3 ----- 2145.9cm?

| 358731
. - =00. 77cm AL | '
. ¥.=60.77cm=0. 6077cm

e 32 53cm o 3253m




Mom‘ent*of inertia about neutral axis
3 3
23>< 703 +23% 703 25622 4 8567 %23
. 12 | 12
=26855109cm?
= 26855109 % 108 m*

g, w 20853109 199 _ 44191em3
| 60.77

+23 % 85.67 x 21,032

S, = 20893109 orsssem?
3253

~ Calculation of Relative Rigidities of Piers
(a) Rat-Trap bond construction

Shear Rigidity of Pier P,

B e — = 00258E
12[

| 122 L3
12 x 6495531745x10~8  0.119001

Shear Rigidity of Pier P,

el nl E ]=0.019798E

12 122 3
12 % 653052, 6 x 10"8 0.1265

Shear Rigidity of Pier Pir
E

2
2.0( 20 3
12x2161099.654x 1078 ~ 0172821

j = 0.01915E
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- Relative rigidity of Pier P,

| O QZSSE =04

SR ---““0;619798}3
0.0258E + 0.019798E + 0.01915E

=031

 Relative rigidity of Pier Py

.. 0019158
00258E+0019798E+001915E

= o 29
(b EngliSh bond Construction
‘Shear Rigidity of Pier P,

S _ 2-E = 0.0314E
1.2[ | 12 3 }

12 774640 27 x 10“g 1014283

‘Shear Rigidity of Pier P,g

« = — 0.02298E
12[ 122 3} o

4+
12 x 674467 x 107° 016238

44




Shear Rigidity of Pier P

- E = 0.0241E

» 2.0 - 3 |
12 x 26855109 x107° 021459

- Relative rigidity of Pier P

- 0.0314E o4
0.0314E +0.02298E +0.0241E

Relative rigidity of Pier P,

~ 0.02298E 029
0.0314E +0.02298E + 00241E

Relative rigidity of Pier Pys

_ 00241E _ 031
0.0314E + 0.02298E -+ 0.0241E -
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APPENDIX - E

DISTRIBUTION OF BASE SHEAR

Rat-trap construction

Total load W = 661261.58 N
Base shear Vg = 394112 N
Calculation of storey shears
W, h; Wih? Lateral force | Lateral Storey
v, Wi force Shear
"L Wb
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

Zwihiz
= 4084171589
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English Bond Construction

Total load W =783615.1 N
Base shear Vv, =47017 N
Calculation of storey shears
W, h; W ;h? Lateral force | Lateral Storey
=VBZW\::i? - 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
> Wihf
= 4814617684
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APPENDIX - F

EXPRESSION FOR SHEAR STIFFNESS (RIGIDITY) OF PIER

~ 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 pler E be the

modulus of elastlmty 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. AIl 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 proportlon fo
their rigidities.

Now A=A, +A; where

3
m= Ph = deflection due to moment
12EIL
A, = 12Ph 1.2Ph

: = — deflection due to shear
GAor OABA g .

(For brick masonry G=0.4E is assumed®)

Aeff is the area of X-section of the pier effective in shear.
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APPENDIX - G

CALCULATION OF STRESSES

Calculation of Stresses due to Déad 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 cm’
- Stressf, = 4132223; — 43 Nicm?
English bond construction '
Total W =124546.3 N
Total area of piers in one wall = 2716.3+1623.8+3587.31
= 7927.41 cm?
-.Stressf,s = 4—13%2%% =393 N/cm?

FOUR STOREY BUILDING
FOURTH STOREY
(i) Rat-trap Bond Construction

Same as calculated in single storey case

107067.23

= = 43N /cm?
R = 4 6239724 ¢

(ii) English Bond construction

124546.3

g = —2 >~ =393N/cem’
4% 792741
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FIRST STOR”E Y

(i) Rat- trap Bond constructlon

-_,.,Tot_alvv = =.661261.58:N
s g w1 80126158 = 275N/ om?
4x6239724

(ii) English Bond cvovnsit,r;uctigon
| Total W =783615.1 N

_ 7836151
4 x 7927 41
| Calculatlon of stress due to overturnmg

= 257N/ cm?

_, stectlon of the wail being considered and distribution of

overturning stress is

79cm

147 06em

o omeagem : 1a5em -
- f — :




Neutral axis from AB

2807 154 x 3243 +1265%208.6+2167.57 x 374 12

2807.154 +1265+2167.57 = 18518_4cxn
P2 :12 ?)79.,;(1)2 p1 =07py; p3= 2'5;9.e166p1 = 0273p1:

) "07131,134 —024P3 Ps “‘0502136 N

" IfF,, F,and F, are the forces produced |n plers Pm, F"?_R and Py
respectlvely due to the overturnlng moment then
Pomt of applicatlon of F from AB

621 2x0.7p1 +pq
3 0.7p1 +p1

] 293%cm

Pomt of applloatlon of F from AB

621490+ 5706 1354 2x0065p1+0273p1 sl
3 - 0065py +0273p; |

Pomt of apphcatlon of F; from AB

3027+ ?3 3[2><089p1 +0.447p,

=354.5cm
0.89py +0.447p,
Enghsh Bond Construction

X-section of the wall being considered and distribution of

overtu rning stress is

187.720m __ T

.6

0
sg)
“-I

T —
56.18cm

v
—

148.48cm .
208.28cm M.A.

T

14.42cm

cmf; 5



+16238x1874+358731><36347 -
7163+16238+358731 e |

Se16 . 2
~027p,;
20828“ ; _pl

9442

- P3=

| __5618..., 14 42 fz x 007p1 +027p1
sty 007p1+027p1 |

Sl j _3027 933[2X09p1+045p1

35450m
3 09p1+045p1 :, _




SINGLE STOREY BUILDING

(i) Rat-trap Bond construction

140.18cm 195 .28cm

 4282.69N //_— /—

22bhcm

A
1713N 1327.6N

e

| 80em

1242.09N

Overturning moment M, about A ,
| =4282.69x225+1242.09x80 = 1062972045 N-cm

.. Proportionality constant = M, . 106297245 o
S A4Xx7 1535533112

-.Average overturning stress in pier P,z = 0.007x187.28  =1.3 N/‘cnﬁ2
| A'verage overtu_rning stress in pier P,z = 0.007x21.76 - =0.152 N/om?
Average overturning stress in pier P = 0.007x154.41 = 1.081 Njom?
(i) English Bond construction

133.66em  ooc 58em

4981 .vgsm / /_ a |

22hcm

A

y T444.7N
1992,74N ] 80cm

T544.41N

A
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Overturnmg moment M about A

= 4981 85x225+1544 4‘1><80 = 1244334.05 N-cm

=" = 0.0065
A,.X7 1915835057

-~ Average overturning stress in pier P, = 0.0065x186.‘28 =1.212 Nfcm?

Average overturning stress | |n pier st ;i 0, 0'065x2:0 88  =0.136 N/cm?

‘ Average overturnmg stress | in prer P35 = 0. 0065><155 19 =1.01 N/cm?

FOUR STOREY BUILDING

FOR FOURTH STOREY

”"13”" 325.28cm

[

L

L . : g‘ Lt
J151.62N 2442 5N

T 2284.93N
Overturning moment M, about A
. = 7879.05><225+2284.93><_80 = 1955580.65 N-cm

Proportlonallty constant = Mo _ 1955580.65
| | ZA X2 1535533112

Average overturnmg stress | ln pier P

:':0.013_

i ='o 013><187*28 =243 N/em?

7 Average over‘rurmng stress in pier PZR = 0 013><21 76 - =0.28 N/cm?

Average overturnmg stress in prer F’:m = O O13><154 41 =2.0 N/lcm?
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(ii) English Bond construction

139.66cm 325.28cm

9275.38N  / R e
225cm -

N
3710.13N  2690N

1

Overturning moment M, about A
= 8275.33x225+2875.2x80 = 231696.25 N-cm

. Proportionality constant = 0 - 2316903 25 = 0.012
| S ZAiXiz 191583505.7

-.Average overturning stress in pier P,g = 0.012x186.28 =2.238 N/cm?
- Average overturning stress in pier P, =0.012x20.88 = 0.25 N/cm?
Average overturning stress in pier P, = 0_.012><155.19 = 1.86 N/cm?
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'FOR FIRST STOREY

?8?9 05N I528cm
T‘— T T 140.18N ) ::-.' o j 1}-;:;5:"_:
7626.25N | | .

1 4$cm
: 84%cm

3371.15N

g2945N) 4 | &535gm

9403N 6817.9N

Overturmng moment M, about A
=829. 15><225+3371 15><535+7626 25x845+7879 05x11 55+5714 62x80
= 17991777 6 N-cm

. Proportionality constant = - Moo L0 = 0117
| L b ZA X? 1535533112

-.Average overturning stress in pier P, = 0.117x187.28 = 21.91 Njem?
”Avé:rage overturning stress in pie'r P, =0.117x21.76 = 2.55 N/cm?

Average overturnmg stress |n pler F’SR =0. 117><1 54 41 =181 ‘N/cm?



(ii) English Bond construction

9275.33N 325.28cm
T 139.66cm
3178.17cm ’
7'\"
14%cm
4057.15N 848 cm
- : -
997.85N 535cmn
225dm
5 A
) 9403N 6817.9N N
80cm
h 2L, _‘.L
7287.6N »

Overturning moment M, about A
= 997.85x225+4057.15x535+9178.17x845+9275.33x1155+7287.6x80
= 21446659.3 N-cm o

Mg 21446659.3
= 2 = 0112
Y AX? 1915835057

. Proportionality constant =

-.Average ovérturning_ stress in pier P;s = 0.112x186.28 = 20.9 N/cm?
Average overturning stress in pier P,s =0.112x20.88 = 17.38 N/cm?
Average overturning stress in pier Pis = 0.112x155.19 = 23.17 Nfem?
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 Fig. 2-Plan of Courses 2,4,6,.... in |
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4Fig.4. 3 - Plan Of'Fiét;—Trfap-Boznd: Construction
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10cm .

(o Tm T e P e i T gy ot P b e
80cm
90cm
7| T 396
cm
Pier P 1 12?”” \
| Per - 1200cm
N | * PierP 3
396cm
o -

Fig. 5 - Elevation of Single Storey Building for Both Rat-Trap & Eng!ish Bond
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TIT

 Fig. 6 - Arrangement for Vertical Steel in English Bond as in 1S:4326-1993

(Black Space is the Pocket available for Vertical Reinforcement)
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Fig. 7 - Plan of Courses 1,3,5,.... of Proposed Bond
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Fig. 8 - Plan of Courses 2,4,6,.... of Proposed Bond
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Fig. 9 - Plan of Superposition of Even Course Over Odd Course of Proposed

Bpnd (Black space is the pocket available for vertical reinfércement) .
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