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ABSTRACTE

Studies of seismic performance of brick build-
ings have revealed their inadequacy to resist earth—
quake shocks due to their heavy weight, poor tensile
strength, low shearing resistance, lack of proper
bonding between the shear walls and the cross-walls
and poor workmanship. Systematic dynamic studies do
not appear to have been carried out for investigating
their realistic seismic capabilities. The strengthen-
ing methods as recommended in some of the earthqueke
regulations of the countries are meant for conventional
brick buildings to improve their performance with
little increase in the overall cost., But a dynamic
evaluation of the specification is still wanting. The
aim of this thesis is to fill this gap to some extent
as well as to examine a new possibility of saving such
buildings from the damaging influence of earthquake on
the principle of vibration isolation., The following

studies are made:

1. Seismic Response Analysis of Conventional
Buildings
A typical multistoreyed brick building is

chosen here for seismic response analysis. A number
of variables representing the physical properties of
the structural system, namely, mumber of storeys from

one to four, wall thickness in various storeys from 1



111
to 13 brick thick and damping from 5 to 15% of
critical value are considered., Shear beam type multi-
degrees freedom system is taken to represent these
buildings mathematically in which the masses of the
floors cnd walls are assumed as lumped at the floor
levels, the floors are assumed as rigid diaphragms and
the 'Pier Method' is to use to derive the storey
stiffness., The restoring force versus lateral deflec-—
tion characteristics are assumed to be linear in each
storey. Both shearing and bending deformations are
considered to take place in the piers. Two accelero-
grams are used for computing dynamic response of the
buildings : (a) Longitudinal component of Koyna earth-
quake of December 11, 1967 recorded close to the
epicentre of the shock and having high acceleration
pulses and high frequency contents and (b) North-
South component of E1l Centro shock of May 18, 1940
recorded at about 50 km from the epicentre and having
relatively lower acceleration peaks and frequency con-
tents., Runge-Kutta fourth order method is used for
computing the seismic response. Overturning and tor-
gional effects have been included in the determination
of timewise net stresses in the piers and their capa-
bilities have been examined for resisting earthquake
shock, TFrom this study the critical sections for
providing reinforcing have been identified and the

minizmum amount of necessary steel has been estimated.
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2. Brick Buildings with S5liding Joint
at Plinth lLevel

To investigate the ground motion isolation
feasibility, a new system is considered in which a
clear smoothened surface is created at plinth level just
above the damp-proof course and the superstructure simply
rests at this level and is free to slide except for the
frictional resistance., Pilot tests carried out on 1/4
scale models showed very large reduction in the roof
acceleration as compared with conventional fixed base
case under given shake table motion indicating a definite
possibility of. ~earthquake isolation. The geismic res-—
ponse of one storey sliding type buildings is worked
out through a two-mass mathematical model treating the
frictional resistance as rigid plastic., The various
parameters involved in the analysis are: time period,
roof-base mass ratio, viscous damping and coefficient
of £ricotion. The seismic response of the system is
computed using the same acceleograms and the same
mumerical techniques as for the conventional system.
This study leads us to a concept of 'frictional response
spectra' in which the spectral quantities of a sliding
nass—spring-dashpot system are plotted against the
undamped natural period for various coefficients of
friction and mass ratios. These spectra clearly show
the reduction of response of sliding system as compared

with the conventional buildings.
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3, Large Model Shake Table Tests on
Conventional and oliding Buildings

Eight half scale single storeyed brick
building models are tested under base shocks so as to
study their behaviour upto ultimate failure when cons-
tructed with different strengthening arrangements or
sliding base arrangement, Their relative competence
to withstand severe shocks is throughly examined. The
outside dimensions of these models are 2.17 m x 1.75 m
in plan and 1.60 m high above the plinth level with a
7.5 cm reinforced concrete slab roof. The tests were
performed on a specially made railway wagon shake table
facility in group of four models at a time, The eight
models were of the following types:

(a) Conventional Fixed Base Types - One each,
unstrengthened, in mud and cement mortars; one unstren-
gfhened in cement mortar but with lintel band; One
strengthened in cement mortar with lintel band and
vertical steel at corners and jaubs; and another simi-
larly strengthened in cement mortar but with plinth

band in addition,

(b) Sliding Types - One each in mud and cement
mortars having lintel band. These tests show that
unstrengthened brick buildings of conventional cons-
truction are not only weak but inadequate in energy
absorption and that models with horizontal ring beam

at lintel level and vertical reinforcement at critical
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sections achieve strength and toughness both. The
nodels with sliding permitted at base, again show a
significant reduction in response and adequate behaviour
upto very high base accelerations. As such, sliding
arrangement shows great promise for adoption in actual

building construction as a measure of earthquake safety.

The following main conclusions are drawn:

Once a brick building cracks, its stiffness,
strength as well as damage threshold acceleration go on
reducing and at a faster rate as the extent of damage
increases, Reinforcing the brickwork at critical
sections both in vertical and horizontal directions 1is
a must for achieving adequate plateau of strength and
ductility. The critical sections are identified and
an estimate of required steel given for moderate and
severe seismic zones. A sliding joint created at
plinth level between foundation and superstructure
could be used as an effective means of isolating the

base motion,
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(Model 4) 252
55 Few Vertical and mostly Horizontal

Crack in West Wall (Model 4) 253%
Beb5 East Portion of Bottom Spandrel of

North Wall Developed More Cracks

(Model 4) 253
5456 Bottom Spandrel of East Wall More

Cracked (Model 4) RSS
SaPt Well Distributed Horizontal Cracks

in West Cross-Wall (Model 4) 25%
.58 Bottom Portion of North-East Corner

Damaged (Model 4) 253
559 Top Spandrel and Bottom Region of

South Wall More Cracked (Model 4) 253
5.60 North-West Corner Bottom Region

Damaged (Model 4) 253
B et Bottom Region of North-West Corner

Greatly Damaged and Shifted Outward

(Model 4) 253
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Pﬁgto Description Pﬁge
5. 62 Bottom Portion of North-West Corner

Shifted Outward (Model 4) 253
5.63 Cracks in Bottom Region of South Wall

Piers (Model 4) 254
5.64 North-East and North-West Corners

Pushed Outward (Model 4) 254
5.65 Initial Cracks (Below Window) Opened

Up in Shock No. 15 (Model 4) 254
5.66 Right Portion of West Wall between

Plinth and Window Sill Levels Shifted

Outwards (Model 4) 254
5.67 Severe Damage of North-East and North-

West Corners (Model 4) 254
5.68 gouth-West Cormer Shifted Outward

(Model 4) 254
5.69 Portion between Plinth and Window

§i11 Levels of West Wall Shifted

towards South (Model 4) 254
5.70 Different Damaged Portions of West

Wall Shifted bodily creating Wide

gaps between them (Model 4) 254
571 North-Shear-Wall at the verge of

Collapse (Model 4) 254
5¢72 Fine Diagonal Cracks in East Pier of

North Wall (Model 5) 255
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Thotb

No. Description P%%?
- Py Fine Diagonal Cracks in West Pier

of North Wall (Model 5) 255
B T4 Diagonal Cracks in both Piers of South

Shear Wall (Model 5) 255
B.75 Fast Wall moved towards West (Model 5) 255
Bl North-East Cormer Badly Damaged between

Tintel Band and Bond Beam (Model 5) 255
< P o Well distributed widel Cracks in South

Shear Wall (Model 5) 255
Sell Star Crack Pattern in Badly Damaged

West Pier of North Wall (Model 5) 255
479 Few Horizontal and Diagonal Cracks in

East Wall (Model 5) 255
5.80 Tew Horizontal and Diagonal Cracks in

West Wall (Model 5) 255
SwEld Separation of East Wall initiated at

South-East Corner (Model 5) 256
5,02 Sliding of Superstructure seen at

Plinth Band of East Wall (Mcdel 5) 256
5.8% Severe Damage in South Shear Wall

(Model 5) 256
5.84 North Shear Wall at the verge of

falling down while West Wall in a

better Shape (Model 5) 256
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Photo Sl Page
No., _D?SCIlPtlon No.
5.85 Upper Part of North-East Corner Fell

down completely (Model 5) 256
5.86 Bast Cross-Wall in Very bad Shape

(Model 5) 256
BT Major Portion of North Shear Wall

Collapsed (Model 5) 256
5.88 Well Distributed Horigzontal Cracks in

North Shear Wall (Model 6) 256
5.89 North Shear Wall Piers broken into

separate Blocks (Model 6) 256
5.90 Extensive Horizontal and Diagonal

Cracks in East Wall (Model 6) 257
5.91 Bottom Portion of North-West Corner

Shifted Inward (Model 6) 257
592 West Cross-Wall badly Damaged, its

right Pier broken into two Parts

(Model 6) 257
5¢93% South Wall broken into different Blocks

(Model 6) 257
1 North Wall broken into separate Blocks,

bottom Portion of left Pier fell down

(Model 6) 257
5.95 A vertical Crack opening of 50 mm

at South-West Corner (Model 6) 257
5.96 North-West and South-West Corners

Portions badly damaged and bulged out

(Model 6) 51



(xxx)

Photo PRI Page
Rl Description o
597 South Wall divided into large Chunks,

moved from their position (Model 6) 257
5.98 Piers of East Wall deshaped by shifting

of different Blocks (Model 6) 257
5»99 West and North Walls at the verge of

Collapse (Model 6) 258
5.100 Pew fine Horizontal Cracks in North

Shear Wall (Model 7) 258
5.101 Two reference lines (in white Paint)

on Vertical faces of Plinth Band 1o

measure amount of Sliding (Model 7) 258
502 4 Black Strip seen at Plinth Band

after Sliding of East Wall towards

West (Model 7) 258
5edlD A fine Horizontal Crack marked by 2 in

West Wall (Model 7) 258
5104 Bottom Edges of North Wall Piers

1ifted up by about 5 mm, West Wall

Overhanging Over Plinth Band (Model 7) 258
5.105 Large Shift of East Wall at Plinth

Band (Model 7) 258
5.106 No fresh Cracks in South Wall during

Shock no., 5 (Model 7) 258
5+ 107 Meny Horizontal and Diagonal Cracks

in Fast Cross-Wall during Shock no.5

(Model 7) 258
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Pﬁgto Description Pﬁge
5 . 208 A few Horizontal and Diagonal Cracks

in West Cross-Wall during Shock no,.6

(Model 7) 259
5.109 Mainly Horizontal and few Diagonal

Cracks in North Shear Wall during

Shock no. 6 (Model 7) 259
Hed 10 Mainly Horizontal Cracks developed in

South Wall during Shock no. 7(Model 7) 259
o 0 B Many New Cracks appeared in East Cross

Wall after Shock no., 7 (Model 7) 259
pr G Ieft Pier of East Wall separated into

Two Portions, Westward Sliding of Wall

(Model 7) 259
A3 AL E Severely damaged North Shear Wall during

Shock no. 8 (Model 7) 259
Bedld Right Pier separated from Right Portion

of Bottom Spandrel of South Wall (Model 7)259
% ol Upper Portion of Left Pier of East Wall

Thrown Out during Shock no, 8 (Model 7) 259
5.116 Exposed Steel Bar in Westward Plinth

Band during Shock no. 8 (Model 7) 259
- B Foundation Masonry under West Wall

very Badly Damaged (Model 7) 260
BuddB Upper Part of West Wall Right Pier

Displaced Outward towards North
(Model 7) 260
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Photo e Page
No. Description No.
5ikly Major Masonry Blocks marked (1) and (2)

Shifted Bastward during Shock no. 8

(Model 7) 260
5.120 A Horizontal Crack at Junction of

South and Bast Walls with Plinth Band

(Model 8) 260
Brb el Many Cracks in Bottom Spandrel of

North Shear Wall (Model 8) 260
5122 Well Distributed Cracks in Top and

Bottom Spandrels of North Wall (Model 8) 260
) I Yok Many Cracks in Top Spandrel of South

wall, its Left Pier Bottom Damaged

(Model 8) 260
Ssl24 Vertical and Horizontal Cracks in

East Wall (Model 8) 260
%1125 Horizontal and Vertical Cracks in

West Wall (Model 8) 260
Bs126 Top Spandrel of North Wall Heavily

Damaged during Shock no.7 (Model 8) 261
8127 Bottom Region of North-West Corner

Badly Damaged (Model 8) 261
5:128 South Wall Top Spandrel Heavily

Damaged during Shock no. 7 (Model 8) 261
5.129 Heavy Damage of Left Pier of West

Wall (Model 8) 261
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Photo == Photo
No. Description ¥
A Right Pier of East Cross Wall Heavily

Damaged (Model 8) 261
Fed 3l Severely Damaged North Wall during

Shock no, 8 (Model 8) 261
b P 5 Bottom Portion of North-East Cormner

Shifted Eastward (Model 8) 261
Bad 3 North-West Corner Displaced Westward

at Plinth Band by 30 mm (Model 8) 261
5L 95 Wide Open Crack Below Plinth Band of

South Wall during Shock no. 8 (Model 8) 261
Sl Severely Damaged East Cross Wall during

Shock no, 8 (Model 8) 262
Bk 56 West Cross Wall Severely Damaged during

Shock no, 8 (Model 8) 262
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Description

Cross-Sectional Area of Pier
Cross—-Sectional Area of Piers 1, 2 and 3

Sum of Cross-Sectional Areasof all Piers
and Walls at a Section

Actual Peak Ground Acceleration of Pro-
totype Earthquake Motion

Distance between G1 and G2
Distance between G2 and G3

Acceleration Coefficient of Accelerating
Force

Acceleration Coefficient of Ground Motion

Scaled Peak Ground Acceleration of Pro-
totype Earthquake Accelerogram Corres-—
ponding to Threshold Damage of Prototype

Base Acceleration for Threshold Damage
Thickness of Pier

Total number of Piers in a Wall
Viscous Damping Matrix

Combined Centroid of Piers

Interfloor Viscous Damping Coefficient
Tpe -SNereys -ty 2,3, ..

Seismic Coefficient for Model
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(xxxVv)

Description

Seismic Coefficient for Prototype

Coefficient of Viscous Damping of
Sliding System

Width of the Pier in the Plane of Bending
Modulus of Elasticity of Brickwork

Cumulative Input Energy for Damage Thres-
hold

Horizontal Shear in a Pier
Horizontal Shear in Piers 1, 2 and 3

Shear Resulting from Iateral Loads with-
out Torsion

Shear Produced by Torsional Moment
Modulus of Rigidity of Brickwork
Centroid of the Piers 1, 2 and 3
Acceleration due to Gravity
Height of a Pier

Height of the Piers 1,2 and 3

Moment of Inertia of a Pier about the
Axis of Bending

Tridiagonal Stiffness Matrix
Stiffness for the Storeys 1,2,3,...
Coefficient of Proportionality

Spring Constant of Sliding System
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(xxxvi)

Description

Storey Stiffness

Shear Stiffness of a Pier or a Solid
Wall

Shear Stiffness of jth Pier in ith Shear
Wall of sth Storey of a Multistoreyed
Brick Building

Diagonal Mass Matrix
Iumped Mass at the Storey Levels 1,2,3,...
Moment of the Horizontal Forces about G1

Sum of the Masses Iumped at the Roof and
Plinth Levels

Mass Lumped at the Plinth Level

Mass Lumped at the Roof Level

Total Mass of Table including Models
Number of Modes considered in the analysis
Number of Degrees of Freedowmw

Total Shear in a Building Element

Natural Circular Freguency of S5liding
System

Maximum Bending Stress in a Pier

Uniform Direct Stress due to Vertical
Loads in a Piler

Overturning Stress in a Pier

Natural Circular Frequency in rth Mode
of Vibration
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Description

Resultant Stress in a Pier

Bending Stress in the Pier of the Model
due to Earthquake Force

Bending Stress in the Prototype Pier due
to Earthquake ILoad

Uniform Stress in the Pier of the Model
due to Dead and Live Loads

Uniform Dead and Live Loads Stress in the
Prototype Pier

Damped Natural Frequency in rth Mode of
Vibration

Overturning Stress in the Pier of the
Model due to Earthquake Force

Overturning Stress in the Prototype Pier
due to Earthgquake Load

Net tensile Stress in the Pier of the Model

Net tensile Stress in the Pier of the
Prototype

Modal Participation Factor in rth Mode
Maximum Shear Stress in g Pier

rth Mode of Vibration

Porce to Cause Sliding

Velocity Spectrum

Spectral Intensity

Spectral Acceleration of the Model for
the Table Motion



Symbol

ap

Xl’x2’x3, o0

xi,xé,x%

(xxxviii)

Description

Spectral Acceleration of the Prototype for
the Prototype Earthquake

Spectral Acceleration of the prototype for
the Table Input

Total Number of Shear Walls in a Storey
Fundamental Period of Structure

Total Energy per Unit Mass

Total Energy Input in the Shock

Relative Velocity and Acceleration of
Rigid Mass

Velocity of Table Attained at the End of
the Shock

Maximum Velocity of the Accelerating Force

Total vertical Load above the Horizontal
Section of the Building through the Piers

Absolute Displacement, Velocity and Acce-
leration of Rigid Mass

Distance of Centroid of Pier from Centroid
of Pier Areas

Absolute Displacement of the Mass Ml’MQ’MB"'
Distance between CG and Gy, G, and G3

Absolute Acceleration of the Bottom and
Top Mass of the $liding System

Ground Displacement, Velocity and Accelera-—
tion



(xxxix)

Description

Relative values of Displacement, Velocity
and Acceleration Vector with respect to
Ground Motion

Relative values of Displacement, Velocity
and Acceleration of the Bottom Mass of the
Sliding System with respect to Ground
Motion ’

Maximum Relative Displacement of a Friction
Mounted Rigid Mass

Relative wvalues of Displacement, Velocity
and Acceleration of the Top Mass of the
Sliding System with respect to Ground
Motion

Base Acceleration
Normal Coordinates

Lateral Deflection at the Top of a Shear
Wall

Fraction of Critical Damping

Fraction of Critical Damping in rth Mode of
Vibration

Mass Ratio

Scale Ratio

Coefficient of Friction

Time Variable for Integration

Square Matrix having Modal Vectors as
its Column

rth Modal Column Vector
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INTRODUCTION

1.1 GENERAL

Earthquakes are known to cause the worst forms
of natural calamity. Many types of relatively safe
building constructions have been intuitively developed
in the past by people around the world based on local
availability of materials, weather requirements and
economic conditions of the people and all this perhaps
without knowing earthquake damage phenomena scientifically.
A study of earthquake affected areas would show that the
loss of human lives is primarily on account of collapse
of dwellings, and that most of the lives could have been
saved if the buildings were earthquake resistant. It
is, however, recognized that complete protection may not
be economically feasible in all probable earthquakes. But
loss of life and damage to property could be minimized
by developing a building system so as to have improved

and safer performance during earthquakes,

Toad bearing masonry construction is the most
popular and suitable for housing purposes in almost all
the developing countries due to its economy, ease of
construction, ability to insulate the variations in tem—
perature and other weather conditions, Structurally the
basic advantage of this type of construction is the use

of same element to perform a varieiy of functions. Such
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construction varies from sundried brick walls with thatch
roof on bamboo frames to burnt brick or stone walls or
hollow concrete blocks wall with jack arch roofs or
reinforced brick or reinforced concrete slab roofs. Some-
times, the roofs are sloping on wooden or steel trusses

or in the form of domes,

The design of stfuctures subjected to earthquake
forces requires a consideration of both the characteristics
of the ground motion and the dynamic properties and beha-
viour of structures, Ground motions are random and have
been fairly well studied for certain well known past
earthquakes. The designer is, therefore, mainly interes~-
ted in the dynamic properties and behaviour of the struc-
ture while designing for earthquake forces. Earthquake
resistant structures are usually designed on the principle
of inelastic deformation, According to this philosophy,
the structure is made strong enough so that it withstands
the maximum probable earthquake with limited and non-
collapse damage but remains within elastic limit for

frequent shocks.

1.2 PROBLEMS ASSOCIATED WITH BRICK BUILDINGS

Strong motion earthquakes provide prototype
testing of structure and offer an opportunity to stwdy
the validity of code provisions, methods of analysis and
inadequacies in design and construction practices. A

study of the seismic performance of the brick buildings
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has revealed their wulnerability to resit earthquakes
due to their heavy weight, poor tensile strength, low
shearing resistance, lack of proper bonding between the
shear walls and the cross-walls, and poor workmanship.
50, earthquake resistance of building construction is

a serious problem in areas where steel, reinforced
concrete or timber cannot be used extensively for want

of material and fincnce.

The basic properties of brickwork for dynamic
loads, which play an important part in the dynamic res-
ponse of brick structures, have not been fully studied
so far, This type of construction can rightly be termed
as non-engineered since there is no well established
method as yet to evaluate the stiffness and strength of
a wall element as used in brick buildings, Apart from
this, even the true distribution of vertical stress on
the building elements is not well understood. In case
of brick buildings with load bearing walls, the load
carried by the building is transferred to the foundation
sequentially through the roof and/or floor system and
the walls and piers. The roof and floor system are
usually assumed as rigid diaphragms which may not be
true for some of the forms now being employed. Therefore,
this assumption has to be verified experimentally, Apart
from these, systematic dynamic studies for such struc-

tures have not been carried out for investigating their
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capabilities to resist the earthquake forces. In effect,
a rational method of design for such structurés to earth-

quake shock is wanting.

Some strengthening methods for brick buildings
have been suggested by earlier investigators (Krishna
and Chandra, 1965; Arya, 1967;: Arya, 1969 and Krishna
and Chandra, 1969) for improving their lateral strength
with a small increase in the overall cost of their cons-—
truction, and these have been incorporated in IS: 4326-
1976 'Recommendations for Earthquake Resistant Building
Construction', But these have not been tested experi~
mentally for actual or simulated ground motion inputs.
Though, effectiveness of only R.C. bands in brick build-

ing (Photo 1.1) has been proved in keeping the building

Photo 1.1 BRICK BUILDING WITH
R.C. BANDS SHOWING EFFECTIVE-
NESS OF THE BAND IN KEEPING
THE BUILDING SAFE IN AREA OF
MOST SEVERE SHAKING IN EARTH-
QUAKE OF MAY 1971 (TURKEY)
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safe from collapse in area of most severe shaking in
Burdur (Turkey) earthquake of May 1971 (Arya, Chandra
and Thakkar, 1977), worth of overall strengthened brick
buildings has yet to be seen in future earthquakes and
still awaits the test of time., Therefore, more exten~
sive investigations are required for evolving suitable
aseismic brick building system, rational methods of
seismic analysis and design and construction practices

for such structure,

Two types of construction of brick buildings
are defined for further reference in the present thesis,
The first type consists of bﬁildings of normal cons-
tructions with all horizontal courses laid in mortar,

This is termed here as 'conventional'.

The second type involves a new concept, namely,
a clear smoothened surface is created just above the
damp-proof course at plinth level without any mortar and
the superstructure simply rests at this level and is
free to slide except for frictional resistance. This

construction is called here as 'sliding type'.

1.3 FPROBLEMS IDENTIFIED

~ The strengthening methods as recommended in
15:4326 are meant for conventional buildings. A
thorough study does not seem to have been made as yet

of real brick buildings of several storeys under
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realistic earthquake motions so as to arrive at the
critical sections requiring the reinforcing through
steel bars and the amount of steel needed for different
seismicity levels., The recommendations seem to be

based on a combination of simplified analyses and engi-
neering judgement., For checking the above a real build-
ing plan with varying number of storeyes is considered
here and analysed assuming it to remain uncracked so
that the tensile stresses as developing at the various

points could be relatively worked out.

The other aspects of the conventional building
is to test them under dynamic loads to see their relative
strength and evaluate the efficacy of any of the streng-
thening methods.

So far as the sliding type building is concerned,
it is based on the concept of vibration isolation and
no work has yet been done on sliding building system.
The feasibility of the concept has to be seen and ana-

lytical as well as experimental results are to be obtained.

1.4 OBJECTS OF STUDY
The objectives of this thesis are chosen to

investigate the above problems and are more specifically

stated below:

(a) To carry out dynamic response analysis of

conventional single and multistoreyed brick buildings



_7_
when subjected to real earthquake motions at the base,
work out the maximum dynamic and static vertical stresses,
identify the critical sections, estimate the requirements

of reinforcing steel, and thereby evaluate the reinforcing

provisions in the Indian Standard Code.

(b) To perform pilot tests on sliding building
models to see the feasibility of isolating base motion

or reducing its influence on the structure.

(c) To carry out a theoretical study of the slid-
ing type single-storeyed brick buildings subjected to

earthquake excitations, consisting of

(i) computation of seismic response of the
building, and

(ii) comparison of this response with the
seismic response of conventional type

building having same dimensions.

(d) To perform dynamic shock tests on single
storeyed half scale models constructed in clay mud and
cement-sand mortar having various types of reinforcing

arrangement as well as sliding at base so as

(i) to study experimental behaviour of con-
ventional type and sliding type buildings
from small shocks upto ultimate condition,

(ii) to compare experimentally observed dynamic
response with that obtained by analytical
method, and
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(iii) to examine the relative competence

of brick building systems.

1.5 SCOPE OF STUDY
The investigations made in the present work are

briefly summarized in the following paragraphs.

1,5.1 Brick Buildings Studied

Earthquake responses of single and multistoreyed
conventional type brick structures are studied. Typical
floor plans of one- , two~ , three - and four - storeyed
buildings have been chosen for analysis using the ‘Pier
Method' (PCA, 1955). Since the conventional load - bearing
unreinforced wall construction is usually limited to 3 to 4
storeys, the analysis of buildings only upto four storeys
has been carried out. Taller masonry building using
reinforced masonry or sandwitch type constructions are not
included here. For parametric studies of such structures,
a nmumber of voriables representing the physical properties

of the structural system are chosen as follows:

(i) Number of storeys - The number of storeys

varies from one to four,
(ii) Wall Thickness -

(a) Uniform thickness of main walls in all
the storeys (one brick thick, 229 mm).

(b) Non-uniform thickness of main walls in the
storeyes ((13 to 1 brick thick, that is,
343 to 229 mm).
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(iii) Damping - Three values of viscous damping,

viz,, 5%, 10% and 15% of critical are used.

The seismic response of one storey sliding type
buildings is calculated through a mathematical two mass
model treating the frictional resistance as rigid plastic,
The various parameters involved in the analysis and their

values chosen are given below:

(i) Time Period - The natural periods chosen

are : 0.04, 0,05, 0,06, 0.08 and 0,10 s,

(ii) Mass - Ratio - The ratio of top to bottom
mass selected for the systems are: 1.6,

1B, 20, 30y 4.0 apdy 5l

(iii) Viscous-Damping - 5%, 10% and 15% of criti-

cal damping are considered.

(iv) Cofficient of friction — The values chosen

are: 0,15, 0.20, 0.25, 0,30 and 0,40.

Experimental investigations are carried out to
study the behaviour of brick buildings constructed with
different strengthening arrangements and examine their
relative competence to stand shocks, TFor this purpose,
model tests are conducted on eight differently cons-
tructed single-storeyed brick structures, in two sets
of four models each. The outside dimensions of these
structures are 2,17 m x 1,75 m x 1,60 m high above the

plinth level with a 7.5 cm reinforced concrete roof
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slab. The models in the first set are constructed using

(i) clay mud mortar, (ii) 1:6 cement - sand mortar,

(iii) clay mud mortar together with vertical reinforcement
at the corners and jambs as also a reinforced concrete
lintel band (ring beam) and (iv) similar to (iii) but in
1:6 cement sand mortar. For the second set, the struc-
tures are constructed in (v) mud mortar with superstructure
free to slide at the plinth level, (vi) cement sand 1:6
mortar with reinforced concrete lintel band, (vii) 1:6
cement sand mortar with sliding possible at plinth level
and (viii) cement sand 1:6 mortar with plinth and lintel

bands together with vertical steel at corners and jambs,

The tests were performed on a railway wagon shake

table facility described in Chapter 5.

1.5.2 Methods of Analysis and the Results Derived

(a) Conventional Buildings: The mathematical
model chosen to represent conventional type multistoreyed-
brick buildings is a shear beam type multi-degree of
freedom system in which the mass of the floors and walls
is assumed as lumped at the floor levels and the floors
are agsumed as rigid diaphragms. The restoring force vs.
lateral deflecdion characteristics in each storey are
assumed to be linear. The coupled equations of motion
for such a model are uncoupled intb modal equations and

are then solved numerically by using Runge-Kutta fourth



.
order solution, whence, time-wise earthquake response is
computed employing modal superposition method. Overturn-
ing and torsional effects due to earthquake forces are

worked out and superimposed.

The time-wise net stresses in the building ele-
ments are then computed and their capabilities examined
for resisting earthquake shock., From this study the
critical sections for providing reinforcing could be
identified and minimum necessary steel reinforcement

egstimated.

(b) Sliding Type Buildings: Here the analysis
is made of single-storeyed buildings regarding their
slid;ng movements. The building was represented by a
mathematical model consisting of two masses (lumped at
the roof and plinth levels) connected through a spring
and a viscous damping system. The lower mass is assumed
to rest on a plane with dry frictional resistance to
permit required motion of the system. The earthquake
response of the system is computed using the same nume-

rical techniques as for conventional system,

(¢) Dynamic Analysis of Models: To predict the
dynamic behaviour and to compute the dynamic response of
the brick building models, the table motion is used as
the ground motion and the models treated as small size

prototype structures subjected to this ground motion.
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1l.5.% Ground Motion Data Used in the Analysis

Two accelerograms are used here for dynamic
analysis of the buildings: (a) Longitudinal component
of Koyna earthquake of December 11, 1967 and (b) North-
South component of El Centro shock of May 18, 1940. Koyna
accelerogram was recorded close to the epicentre of the
shock and had high acceleration pulses and high frequency
contents while El1 Centro accelerogram was recorded at
about 50 km from epicentre of the shock and relatively
lower peak acceleration and frequency contents. Response
analysis of the structures is made for one horizontal
component of the shock at a time as usual.

1.5.4 Experimental Studies—-Dynamic Behaviour and
Response of Building Models:

Qualitative and quantitative analyses are made
to study the dynamic behaviour of models under shock loads.
Also their relative competence to withstand the shock has
been examiﬁed. A comprehensive study of damage was under-

taken for all the test structures after every shock.

1.5.5 Concept of Frictional Response Spectra:

The earthquake response study of sliding type
structure, carried out above, led to a concept of frictional
response spectra in which the spectral quantities - ‘maximum
absolute acceleration, maximum relative velocity and maximum
relative displacement' of a sliding mass-spring-dashpot

system are worked out for a particular earthquake motion,
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and plotted against the undamped natural period of
vibration for various frictional coefficients and mass .
ratios. These spectra are worked out here for a variety
of the parameters representing the physical properties

of the structural system.

1.5.6 Computer Programmes

Two main computer programmes are developed

for the present work to compute

(a) timewise earthquake response of conven-
tional type mltistoreyed brick buildings-
timewise stress analysis of the building

elements is also incorporated; and

(b) earthquake response of single-storeyed
sliding type brick structure and frictional

response spectra.

1.6 OUTLINE OF THESIS

A review of earlier investigations on performance
of brick buildings under past earthquakes, seismic beha-
viour of rigid objects and aseismic strongthening measures

adopted for brick buildings are presented in Chapter 2,

Chapter % describes the details of analysis and
earthquake response computations of conventional type

single and maltistoreyed brick buildings.

Chapter 4 presents the preliminary tests on sliding
type small scale models on shake table as well as the
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seismic response study of sliding type brick buildings.
Also a new concept of frictional response spectra is

presented in this chapter.

Experimental behaviour of half-scale brick build-
ings is reported in Chapter 5 and their relative compe-
tence to resist base shocks is analysed with reference
to strength as well as toughness. This dynamic response

to shock loading is included in this ochapter.

The results of the whole study are summarized in
Chapter 6. Also the conclusions of the present work
and suggestions for future studies are advanced in this

chapter.



CEAPTER 2

REVIEW OF EARLIER INVESTIGATIONS

2.1 GENERAL

Different modes and mechenisms of failures of
damaged brick buildings during past earthquakes are
briefly presented in this chapter, The remedial
measures as suggested by the various investigators for
aseismic strengthening of such buildings are also briefly
reviewed, Sliding behaviour of rigid objects subjected
to ground shaking as investigated in the past is discussed
to examine the possibility of a sliding type brick build-
ing system for its improved seismic performence, Finally,
the experimental investigations carried out on brick
structure models for dynamic and/or lateral loads are

briefly reported.

2.2 PERFORMANCE OF BRICK BUILDINGS
DURING PAST EARTHQUAKES

Buildings constructed in brick adobe, mud, timber
or a combination thereof have been damaged much more than
reinforced concrete ones during the past earthquakes
(Arya, Chandra and Gupta,1977) in various parts of world.
A comparative study of the performance of different
types of construction in 1960 Chilean earthquake (Stein-
brugge and Flores, 1963) showed that adobe and unrein-

forced brick buildings were the most severely damaged.
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Monge (1969) has presented a statistics of about 20,000
small buildings (of adobe, unreinforced, reinforced
brickwork, wooden framed buildings and reinforced masonry
block buildings) in Chile during six destructive earth-

queakes.

The study exposes the poor seismic resistance
of such construction and recommends that adobe and
unreinforced brick buildings should not be used in

earthquake prone areas,

Adobe, random rubble masonry and composite con-
structions of unburnt and burnt bricks are frequently
used in India. Seismic behaviour of such buildings has
been observed (Chandra and Kumar, 1974) to be similar
to that pointed out in Monge's study referred above.
Some of the typical cases of damage to such construc—
tion during some of the past earthquakes are shown in
Photos 2.1 to 2.,3. During ground shaking, structures

are subjected to alternating stresses due to horizontal

forces acting alternately from opposite sides in quick
succession, Shear forces and overturning moments are
caused which lead to combined shear, direct and bending
stresses., Damage occur mostly due to cracking of build-
ing elements weak in tension and shear. Cracking

occurs in several ways: vertical cracks at the corners
and junctions of the walls, separation of walls, hori-

gontal and diagonal cracks starting at corners of window
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and door openings, and their propagation in all sorts
of ways., The extent of damage is a function of the
intensity and duration of ground shaking, the openings
in the structure, type of mortar used, strength of
bricks, the quality of construction and the nature of
soil-foundation system supporting the building, etc,
Due to too many factors involved, it is not easy to

predict damage to such buildings in precise terms.

The difterent modes of typical failures (Arya,
Chandra and Thakkar, 1977) commonly observed during
earthquakes may be attributed to one or more of these
factors: 1lack of tensile and shearing strength in the
material of construction, lack of lateral and torsional
strengths in the structure, failure of joints, excessive
deformation of the structure and excessive settlement
of the foundation soil, The collapse mechanism of
whole or portion of a wall is caused when enough cracks
occur so as to separate blocks of masonry which could
move freely except for frictional resistance, The
cracks usually originate from the sections around
openings (Agnihotri, 1962; Krishna and Arya, 1965).
Due to direct or bending tension, cracks begin hori-
zontally and then propagate horizontally or change
direction diagonally. The horizontal cracks also occur
due to shear failure at other planes where rigidity

changes suddenly (Krishna and Chandra, 1969). . The
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piers on both sides of openings are subjected to diago-

nal tension and crack diagonally. As the seismic force
is reversible, the cracks may occur along both diagonals

of the piers showing X or star shaped pattern.

Torsional moments are caused in a building due
to non-coincidence of the centroid of lateral stiffnesses
of various building elements with the centre of gravity
of the masses, Thus, increased shears are imposed in
the elements by these moments resulting in their cracking
and failure, These cracks are invariabiy diagonal and
show a helical pattern around the elements as well as the

building as a whole.

Inmumerable masonry buildings have collapsed due
to lack of proper bonding walls at right angles at
their junctions. Due to such cracks the integral box
action of the enclosure is lost and each wall tends
to act as a vertical cantilever which has little stabi-
lity and tends to overturn, Also on account of excessive
cracking, big chunks of brickwork get loosened, move out
under the action of further shocks and finally the wall
collapses, Excessive settlement of foundation due to
partial or complete liquefaction occurs due to ground
motion in water bearing lopse cohesionless soils. This
invariably involves unequal settlements too under
different parts of the building and results in exten-

sive cracking of walls as well as floors. Even complete



~19=

collapse may occur, The pattern of cracking is diffe-
rent than that seen under the action of lateral forces.
In most cases these cracks are fine near footing and
become wider towards top. Tilting and overturning of
buildings also occurs due to liquefaction of soil as in
the Niigata earthquake in Japan (Arya, Chandra and Gupta,
1977).

2.3 INVESTIGATIONS ON BRICK SHEAR WALLS

2.3,1 Basic Properties of Brickwork

Results of basic tests for determining
different properties of the non-homogeneous brick masonry
elements are briefly reviewed here. These include the
compressive, tensile and bond tests results on small test

specimens.

Fxtensive studies were done by Benjamin and
williams (1958) to determine the physical properties of
bricks and bond strength through cross-brick couplets.,
It was found that compressive strength and modulus of
rupture vary by as much as 100 per cent, The suction
and absorption properties were found to be important in
defining the strength of brickwork, The couplet tests
showed that the shear strength of the mortar joints 1is
greatly affected by the normal stress on the joint,
Purther tests on couplets were conducted by Agnihotri
(1962) to determine the bond strength and tensile
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strength of brickwork for various mortars. The results
indicated that the failure of brick masonry was due to

tensile failure of brick—mbrtar bond .

Tests were also performed by Sinha and Hendry
(1966) to study bond strength in brickwork. The results
showed that the moisture contents of the bricks at the
time of laying influenced it appreciably. An analytical
procedure was presented by Hilsdorf (1969) to arrive
at the compressive strength of brickwork which was
found to increase with the tensile and compressive
strengths of brick and mortar. A decrease in the ratio
of joint thickness to height of bricks also increased
the compressive strength of brickwork. Workmanship
factor was not considered in the analysis, which could

certainly affect the compressive strength significantly.

The tensile and compressive strengths, and
also modulus of elasticity of brickwork for different
mortars were found by conducting tests on brickwork
test specimens (Krishna and Chandra, 1965). The test
results are listed in Table 2.1. Damping values as
determined by Mallick (1961) for brickwork in various
mortar mixes are shown in Table 2,2. It was further
found (Krishna and Chandra, 1965) that damping values
increase with the increase in strain, This is indi-
cated in Table 2.3, All these damping values are for

uncracked bending specimens, Cracking increases
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damping considerably.

It is seen from Table 2.2 that brickwork in
clay mud has 10% of critical damping., This value may
further increase to about 15% of critical damping in

wet or cracked condition,

A very comprehensive literature survey on
compressive, tensile, bond and shear strength of masonry
was carried out by Mayes and Clough (1975). Here, only
a few of the investigations on the properties of brick-

work are briefly introduced above.

2.%,2 Strength of Unreinforced Brick Shear Walls

Effectiveness of unreinforced brick masonry
shear walls to resist lateral loads was first investi-
gated through experimental studies (Benjamin and
Williams,1958).A series of walls verying from 0.34 scale
to full size were tested without bounding frames.
Thickness of wall was also varied., ZFrom this investi-
gation, it turned out that the behaviour of brick
masonry could be studied by means of models. Errors
caused by scaling of model were not significant com-
pared to variations resulting from workmanship., In
the case of unbounded shear walls, failure occurred
due to the tension at the joint of the wall and the

foundation,

In an snalytical investigation (Agnihotri,

1962) generalized expressions were derived for
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computing the strength of shear walls with single
opening in terms of earthquake force expressed as
proportion of gravity. Tests carried out by him clearly
brought out the importance of workmanship., The walls
with greater cubic content of masonry in which high
standard of workmanship could not be maintained indi-~
cated lower strength than the tensile bond strength

found from sraller size column tests,

The lateral loads to cause first crack and the
ultimate failure for unreinforced shear walls were
determined by Lal (1968) through experimental and
theoretical studies, It was shown that the firsi
crack load could be predicted with a reasonable accuracy
by treating the wall as a free standing cantilever, The
cracks invariably originated at wall openings and the
weak joints, Haller (1969) also tested two different
sizes of specimens of masonry walls to study their
shear strength and employed two different types of
bricks and mortar in the masonry walls., From the results,
it was observed that the shear strength was composed of
the adhesion of mortar to the brick, the shear resistance
of the mortar plugs (i.e. the mortar that penetrates
into the perforations of bricks) and the frictional
forces which increase with compressive stress. Marthy
and Hendry (1965) compared the compressive strengths
of 1/3 and 1/6 scale model piers and walls with that of

full size specimens. The parameters were, the mortar
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strength, joint thickness and the slendermess of the
walls., It was found that the strength of full scale
brickwork for given strengths of brick and mortar could
be reproduced by means of model tests. Also, if the
same mortar was used to construct the model and full
scale walls, the model walls would take higher stre-

sses than the equivalent full-scale one”.

Five identical specimens of one-sixth scale
single~storey shear wall test structure were built by
Sinha and Hendry (1969). Each model structure was
subjected to different compressive load and tested to
failure under a lateral load. All the models failed
with cracks passing through horizontal and vertical
joints., It was found that brickwork subjected to
combined compression and shear exhibited two distinect
types of failure: shear failure at the brick-mortar
interface and diagonal tensile cracking through bricks
and mortar. From this study, it was further inferred
that presence of compressive stress increased the
shear strength of the brickwork upto a certain limit
which depended on the compressive strength of the
brickwork., The rigidity and shear modulus of brickwork

decreased non-linearly with an increase in lateral

* The order of difference in the model and prototype
unit strengths is not established. It would depend
on the scale ratio. It may be conservative to
assume the strength of 1/3 model to be 20% higher
and that of 1/2 scale model to be 10% higher than
the full scale walls.



_24—

load and a decrease in conpressive load.

Further experimental and analytical studies
were made (Sinha et al, 1970) to investigate the over-
all deflections using five-storeyed 1/6 scale and full
scale test structures subjected to lateral loads. The
model structure was analysed treating it as an indivi-
dual cantilever, a continuum, and as a wide column,
The.full—scale structure was analysed by the sane
nethods as the model and, in addition, by the finite
element method., It was found from this study that
existing analytical methods do not give reliable results
for stress and deflection in brick structures. The
above mentioned investigation was further extended
(Kalita and Hendry, 1970) to clarify the applicability
of the shear wall theory to brick structures and also
to determine the contribution of cross-wall and floor
slabs to the rigidity of the shear walls., The inves-
tigation was done through a simplified one-sixth scale
five storey model test structure, In the analytical
study, a simplified approach (Benjamin, 1959) and the
finite element method were used. A comparison of the
analytical and experimental results indicated that the
finite element method was slightly more accurate than
the simplified approach and gave about 10 per cent
lower deflections than the experimental results for
a lateral load equal to one-third of the ultimate

load. But considering the variation due to workmanship
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the simplified approach should be adequate for use in
the design office for the analysis and design of brick

structures.

The investigators also studied analytically
(using finite element method) and experimentally the
effect of flange width, and analytically the effect of
slab width on the rigidity of shear walls, The model
structures investigated were single storeyed consisting
of one shear wall, two cross walls as flanges and a
slab. The wall had one central opening, It was con-
cluded that the 'effective' flange width was 0,35 of
the storey height (there was a uniform 20 per cent
discrepancy in the experimental and analytical results)
and the ‘effective' slab width was 0.5 of the bay width.
In an actual brick enclosure the effectiveness of cross
walls to act as flange of the shear walls will depend
whether the walls at right angles are built integrally
or connected rather loosely. Also, if horizontal bend-
ing of walls during an earthquake would cause a verti=
cal crack at the junction of walls, the effectiveness

of the flange would be reduced drastically.

2.%.% Behaviour of Reinforced Brick Shear Walls

Building failures during past earthquakes
have shown cracking of mortar joints along section
through jambs of openings sometimes diagonally and

sometimes horizontally along the lintels, In view
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of this, an investigation was undertaken (Krishna,
Chandra and Kamungo, 1966) to study the behaviour of
shear wall particularly with the introduction of steel
at various locations of the walls experimentally and
theoretically. Static and dynamic tests were perfor-
med on 16 wall models. It was inferred from this
study that the behaviour of wall in the elastic limit
could be predicted by the pier analysis (PCA, 1955)
which was supported by static and dynamic test results.,
Also, contribution of steel in improving the lateral
resistance of the wall can also be calculated on these
lines. In the post-elastic range, however, since the
cracks complicate the situation to a large extent, it
was not possible to formulate a general criterion to

predict the behaviocur.

Another series.of tests was carried out to
study the behaviour of reinforced brick walls subjected
to a quasi-static cyclic load (Scrivener and Williams,
1971) and also a simusoidally varying load (Williams
and Scrivener, 1972). The parameters varied were the
magnitude of superimposed compressive loads, wall
aspect ratios and reinforcing percentages and distri-
bution., The modes of failure of walls observed in the

tests were: flexural or yield failure and shear failure,

In flexural behaviour of walls, the initial

cracking occurred mainly in the horizontal joints near



—07=

the base of the wall. It was naturally produced by the
vertical movements necessary in the brickwork 10 achieve
compatibility with the yield deformation of the steel.
After yielding, same load was required to maintain the
yield stress while the deformation increased until
failure occurred by crushing, usually accompanied by
diagonal cracking at the toe of the walls. On the other
hand, shear behaviour was characterised by initial dia-
gonal cracking resulting in reduced stiffness. In this
case the load could not be maintained for keeping the
yield level but a tendency of sharp reduction in load
from its maximum values with increasing deformation was
observed., Extensive and sudden damage to the masonry was
observed causing loss of strength and eventually wall
failure occurred by disintegration of masonry at the toe
of the wall. It was found that the ultimate stréngth
increased and the ductility decreased with an increase
in the superimposed compressive load. An increase of
vertical reinforcing increased the horizontal load to
cause yielding of the steel without altering the shear
strength appreciably., In this test series, the aspect
ratio of the walls (height to length ratio) ranged
between 0.5 to 2. The study showed that walls of

very high aspect ratio could be regarded as vertical
cantilever with a characteristic flexural behaviour.

On the other hand very low aspect ratio walls essentially

had shear type of deformation and could be considered
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as predominantly shear resisting elements with non-
ductile behaviour like deep beams., The walls with inter-
nediate aspect ratio would have a mixed behaviour not

so clearly defined.

Further investigation was conduqted (Priestly
and Bridgemen, 1974) through testing of reinforced brick
nasonry walls of unit aspect ratio on the effect of
horizontal and vertical reinforcement on the shear
strength of cantilever piers, The main parameter in the
test was the amount of reinforcing. The lateral loads
were cyclically applied to the walls which were tested
by the cantilever method. Contrary to earlier resear—
chers, from this investigation it was found that hori-
zontal steel was effective in improving the ultimate
shear capacity of masonry where sufficient vertical
steel was provided to carry the full ultimate flexural
load. It was inferred further from this study that hori-
gzontal steel was approxinately three times as efficient
as vertical steel in carrying a shear force across a

diagonal crack.

From the above presentation, it is clearly
gseen that lateral load strength as well as defornabi-
lity of a brick shear wall is improved a great deal by
reinforcing it vertically and horizontally. ﬁut pro=
vision of steel reinforcing in brick shear walls would

create many constructional problems. Therefore the
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quantity of steel must be small and placed at a few
locations only. In view of this, other strengthening
schemes have been suggested by other investigators.

These are discussed in the following section,

2,4 SEISMIC STRENGTHENING OF BRICK BUILDINGS
The main requirements of structural safety
of brick buildings (Arya, 1967), as emerged out from
the studies of mode and mechanism of failures in Section

2.2, are outlined as follows:

(2) The roof and/or floor elements must be
effectively tied together and capable of exhibiting

diaphragm action,

(b) Horizontal reinforcement in cross-walls
is required for transferring their own out-of-plane

inertia load horizontally to the shear walls.

(¢) The shear walls are required along both
the axes of the building and rust be capable of resis-
ting all horizontal inertia forces due to their own
nass and those transmitted to them from cross-walls and

floors and roofs.

(d) All the walls must be properly tied to-
gether to avoid separation at vertical joints so as
to form box section for greater bending and overturning

resistance.
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To meet these requirements, the strengthen-
ing measures have been suggested by various investi-
gators (e.g. see Krishna and Chandra, 1965) and adopted
by the Codes of practice such as the Indian Standards
Code of Practice for Earthquake Resistant Construction
of Buildings (IS: 4326-1976). These provisions are
briefly reviewed here. For this purpose, seismic zones
are identified basal on expected maximum MM intensities
(Arya, 19683 Arya, Chandra and Thakkar, 1977) and are

defined as follows:

Zone A — Probable maximum MM Intensity IX  or more
Zone B - Probable maximum MM Intensity VIII
Zone C — Probable meximum MM Intensity VII
Zone D — Probable maxirmm MM Intensity VI or less

As stated earlier the softness of soil has
generally adverse effect on the earthquake resistance
of buildings. Therefore for determining strengthening
requirements, a combination of seismic intensity zone

as well as soil condition is considered. ©Such a con-

bination is shown in four categories in Table 2.4.

No strengthening measures are considered
necessary for Zone D in view of low seismicity except
enphasis on good quality of construction according to
usual standard norms. The recommendations being pre-

gented are for Zones A, B and C.
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2.4.1 Materials

Use of mud or very lean mortars is not
suitable for seismic resistance of brick walls due to
their poor tensile and shear strength. Appropriate
nortar mixes for various categories of construction are
detailed in Table 2.5 based on their strength charac-
teristics. Use of a richer mortar mix in narrow piers

between openings is desirable,

Well burnt bricks of crushing strength
(Chandra, 1963) not less than 35 kg/cm2 should be used

for brickwork,

2.4.2 Load Bearing Brick Walls

Fron experience on observations of earthquake
damage to unreinforced brick building in Iran, it has
been reported (Moinfar, 1972) that for ordinary work-
nenship and quality of building materials, the height
of a dwelling should not be more than three storeys,
preferably two, and under no circumstances should its
total height exceed 11 m including the height of 