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ABSTRACT

Andlytical and experimental study of- the behaviour

of reinforced brick and reinforced concrete members subjected

to lateral loads is presented, Theoretical load-deflecticn

curves for such members with certain assumed stresse~stralr
characteristics of steel, brick and concrete is compared

with those obtained experimentally. The varigble parsmeters
in this study include percentage of steel, the shape of

stress - strain curve for brick and concrete and the strain
level in these materials. The study is aimed at arriving a
set of structural parameters for economical design of
members taking into account the energy.absorbihg capaclty

of the materials.
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CHAPTER I
INTRODUCTION

Earthquake resistant design of structures is a
vibration problem., The vibrations result from an earth-
quake shock and can be resolved in any ‘three mutually
perpendicular directionss A structure is considered safe»

if it is designed to with stand the components of the .
vibrations in the three directions simultaneously. The
predominant direction of vibration however, is horizontal,
The usual approach for design of 6rdinary structure is
to analyse the structﬁre for a hbrizontal force acting at

the centre of gravity and is given by,

LEER Y eer  (122)
whexre

oy = a seismic cocfficient.

W = weight considered to be acting at the centre

of gravity of the structure.
For imp®rtant structures however, more detailed investie
gation 1is ncceéssaxys

In coontrics like India which have large arcas
falling in heavy carthquake zone, buildings must be designed

to withstand the effects of large and medium size earthquakes.



Buildings which can bc cxpected to withstand such shocks:

must be designed with relatively high resistance to laferal
forces. Experience frum past earthquakes indicates that
damage to structure is closely associated with the proper-
ties of the material of the cons.truction beside: the soil
and geological conditions of the site, In India buildings

fall mainly under following Categbries

1. TIMBER IDUSES :~ These are generally constructed in
hilly regions and if designed properly aro perhaps the best
sulted in earthquake zoncs, as thesce are light and are

conscquently subjected to smaller inertia forces. But the
shortagc of well seasoned timber, fire hézards, rotting
of timber and damage by while ants arc serious disadvantages’

of this formm of construction,

2. UNREINFORCED BRICK MHOUSES : =~ Thase constructions have
thick walls and heavy floors, Such buildings are relatively
rigid structures and have low natural period of vibration
with low damping in the elastic range. During carthgquakes,
their spect al response is high and since unreinfcrced
brick work has very little resistance, it suffers heavy

damage,

3, BRICKWORK WITH TIMBER SCANTLINGS : -~ This fom of
construction prevents total cellapsc of the buildings during

an carthquake and the damage is repairable. But timber has



di sadvantages of being costly and also it has poor bond

with masonry. Therefore such structures arc generally not
used 1n modecn constructions, In place of timber scantlings,
pretensioned concrete members arc now useds Thesc arc’

cheaper than timber and bond well with the brick work in

cement mortar.

4o REINFORCED CONCRETE/BRICK BUILDINGS : - Expericnce with
reinforced concrete and reinforced brick buildings has been

gencrally good, This indicates the usefulness of‘introducing
stcel in bfick work orfuoncrete to increase not only their
resistance iﬁHtensioﬁ but also their encrgy absorbing
capacity through ductility of tension steel. Since an
carthquake forces may occurc in any direction and any face

may be tension or compression, doubly reinforced brick or
concrete sections are to be invariably used in earthguake

resistant structurese.

About 70% of the population of India live in
villagcs and build houscs in brick masonry with mud, lime-
surkhi- or camont - sand mortar, Since the use of costly
and ¢xpensive mateorials such as steoel and well scasoned
timber under the present economic conditions is not advi e
able, we.look forward to reinforced brick and reinforced

concrote members,



A current design prbcedure is to allow structure
to behave elastically for small siée shocks and during
severc shocks the structures arc pemitted to undergo
inelastic defénnations. Thus it 1s nccessary tOIUnder-
take the study of the inclastic response of reinforced
brick and reinforced concrete struéﬁural members under the

‘action of lateral loads.

OBJECT AND SCOPE @

The present study aims at detemining the lateral
load carrying capacity of the building elements taking into
acgount their energy absorbing capacity, Energy absomption
can be increased by allowing somc damage through yielding
of stecel and some inclastic deformations. For this reason
the behaviour of reinforced brick and reinforced concrete
pilers in the inelastic range is studied and their load -
deflection characteristics as also the strain variation in
the scction under the action of lateral load are examined
anhalytically and the results checked experimentally, ‘since
a shear wall in a brick building can be considered as a series

of picrs, this study leads to some useful information

régarding the inelastic design of shear walls also,
A theoretical analysis for calculation of deflections
of reinforced brick and reinforced concrete piers in the

inclastic range is presented here., “Calculations of deflection



depend on the moment of resistance of the section at
differont stress conditions., A.general ekpression for
computation of momént 0i rasistance of the scection is
developed taking into account the yiclding of tension
steel from extreme outer fibre to its complete yielding,
Initial flexural rigidity (EI Value) is found out by
exporiments and is used for estimating EI values for other
conditions of yielding of tensilec steel andvfor different

positions of ncutral axis when tension steel has yielded

completely,

Expressions for calculation of moment of resise
tance of the rcinforced concrete section for different
strain levels in concrete and tension steel arxc also
developed and presented here, Variation of strain in the

section has also been studied for the theoretical model.

as well as on experimental ones.

The theoretical results of computation of load
and deflection characteristics of reinforced brick and
concrete piers and corrcsponding strain variation in the

section are checked with experimental results,

Theoretical analysis of reinforced brick shear

wall for calculation of ultimate lateral load carrying

capacity is also presented in the thesis,



CHAPTER II
BRIEF  REVIEW

2.)1e: GENEDAL ¢ =~ The problem of eérihquéke‘resistant
design of brick bulildings has received very little attention
of investigators in the pasts The 8chool of Resecarch and
Training in Earthquake Engineering, University of Roorkee,
Roorkee, has been actively engaged in studying this for

the tast few yearss A brief roview of this is presented

here,

2e141 An important contribution in the field of unrein-
forced brickwork is due to Agnihotri.(Q). In the first
phase éf this investigation, strength of brickwork in
different mortars was studied experimentally. This formed
the basis of thé computation of the stiength of brickwall

under the action of lateral loads.e Effcect of size and

placing of openings in a brick wall, was also studied. The

following important conclusions were drawn,

le  If the geometrical shape of the wall remains the same,
the bigger walls arc weaker,

2e Strength of wall increases linearly with increasc of

tensile strength of bond of masonxry,

Oe For particular value of tensile strength of bond of

masonry and width of shcar wall, following conclusions
Y ’



were drawn, :

(I) If size and placing of opening is fixed, the strength
6f-Wall increases with incregse in width/height ratio.

(II) When w1dth/helght ratlo of tho shcar wall is fixed,
’strbngtn of wall 1ncrcaocs for hlgher and centrally looatdd
openings if thoir slze is kept constant, cherwise strength

decrecases for larger openings with fixed placings.

(III) Strength of wall is practically constant for same
placing and arca of opening if length/height ratio of
opening is varicd.

In the above analysis the effect of cross wall was

not taken into account., The cross walls also contribute
to the forces and also provides the resistance to lateral
forccs, The resistance of cross wall baing small, it was

huglected and the strength of single TOOm building was
calculated on this basis (3)., These studies conclude that
in an unrcinforced building, sections along the jambs of
the openings and along corners aic weaker scctions and must
be safeguarded in the ovent of an eérthquako.

2¢1.3 In view of above studies, some methods of strength-

enina of such bulldlngs(4) were suggested, A relative

strength of single room brick house model built in 1:6
J
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cement and sand mortar were tested; when reinforced as

follows,

1, Normal construction without any reinforcement
2, -Providing a lintel band

3. Providing lintel and plinth band

4. Providing vertical steel atcorners only

5. Providing vertical steel at Jjambs only

Oa Providing vertiual stéel at corncrs aé wél; as at jambs

7. Lintel band in combination with 4, 5 and 6,

The results of above tests provided the qualitative
data for comparing the usefulness of steel reinforcement in
differsnt positions and it was found that vertical steel at
corners is very cffective and that the combination of

horizontal steel at lintel level with vertical steel at
corners is still stronger, while vertical stcel at jambs
alone does not increaée the over all resistances This was
confimmed by experimental studies (5) on shear walls vith
openings and incorporating various types of strengthening

me-thods,

2.1,4 In order to understand the bohaviour of such walls
retter a numerical analysis was made in which the wall was
treated as a plate with openings (6, 7) and wall deflections

and stress distribution at various points in the wall were



ﬂg‘

computeds It was concluded that the wall behaves as a bent

for small height/width ratio and as the. . height of wall
increcases, the cantilever effect starts becoming pfedominant.

" This study has confimmed that shear wall in brick buildings
can be treated as a series of piers or bents and the forces

in thesc¢ could be computed accordingly,

2¢1e5 After the distfibution of forces has becen obtained,
the problem of designing R;B. section subjéctod to direct
and bending forces was taken up. Krishna and Chandra (8)
analysed the R.B. sections taking into account the elastic
and inelastic behaviour of brick and steel.e If the
resistance of brickwork in tension was as good as in
compression,bthe piers could take large horizontal forces
without damage, However since it is not so, it appears
necessary that its energy absorbing capacity is increased
by providing steel reiﬁfdrcanent on tension faces. Energy
absorbing capdéity can be increascd appreciably by accepting
some damage through yielding of steel and permitting some
inelastic defomations. Also energy absorbing capacity of
stuel should not exceed the encrgy ébsorbing capacity of

brick work because it would have no usc whenh brick has failed.

A maximum and minimum percentage of stecel wjs
obtained based on criteria that encrgy of stecl is not moxre

than encrgy of brick work, from the following cquationss
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3(295 1wy Ot
L'_ P
" wes (243)
in which,
\
p = percentage of steel
o) = stress in brickwork
¢ .= stress in tonsile stoel

¢

By = ductility in tension stecl

Py, = ductility in brick
: -
m = modular ratio ¢ s )
Ep
N = distance of necutral axls from the extreme

compression fibro,

Hence the percentage of stcel should be in between these two
limits given by equations 2,2 and 2,3 to have a full utilisation

of stecl and brickworke

26106 Goel (9) worked on the behaviour of brick piers
subjected to lateral and vertical loads and extended the
work to concrete piers also, The effect of reinforcemedt
on ultimate moment‘capacity and ductility factor of tensile

stocl of singly reinforced rectangular brick section was



investigated, The lateral load carrying capacity of a
doubly reinforced rectangular pier under certain axial

load was also studied, Similarly behaviour of doubly
“reinforced concrete scction waé also studied assuming c. .
certain stress - strain characteristic of concrete, Funda-
mental frequency of vibration of singly and doubly reinforced
brick rectangular cantilever pilers was studied éxperi~ -
mentally ;nd compared with those obtained theoretically s
Some experiments cazxied out to obtain load.-defommation

charactcristics were also rgported,

2¢le7  Jain (10) carried out theoretical analysis of brick
shecar walls with openings.s The momcnts, shears and axial
forces in the piers were worked out using Bent method for
vaiious level of lateral loads, Equal amount of reinfore
coment was consldered to be placed én both faces in plers
and position of neutral axis was found by clastic analysis.
The.ultimate moment of rosistance of the reinforced brick and
concrete scction with different percentages of steel and
various cover of steel was worked out for reinforced brick
and concretc. These results were presentéd in graphical

fom also which help in designing sections. With the help
of thesc curves, for desirad dﬁctility in steel and concrete,
the valuc of neutral axis, percentage of steel, cover and
ultimate moment of resistance of the section can be directly

obtained,
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Experimental verification of theoretical results

in the above study revealed discrepancies and experimental
load - deflection characteristics of reinforced brick and
concrete piers were not tallying with theoretical results,
The present work has incorporated modifications in theoretical
approach, Thg approach presented here is more realistic
and‘yields results which compar@s reasonably weli with

those of cxperimental abservations. The approach is cixtended
for computation oflultimate lateral load carrying capacity
and deflections of plain shear wall also. The study may
help a designer in working out economical design ofAmembors
taking into account the energy absorbing capacity of the

materials in the inelastic range.



CHWPTER 111

THEORETICAL ANALYSIS OF REINFORCED BRICK PIERS -
T
3el GENERAL ¢ = As cmphasized in chapter II, brick

walls must be reinforced with stcel in order to increase -

their resistance to lateral forces, In order to do so
efficiently, a knowledge of thé stross = strain character=
isticsof the two materials is absolutely necessary. Fox the
clastic range, the initiél slome of the stress - strain curve

may be sufficient for calculatims of deflections, but for
studying' the behaviour in the inelastic range, complete

stress - strain curve must be known. This chapter describes
the  theoretical analysis of reinforced brick piers in the

clastic and inelastic range,

342 DESCalTION OF MODEL :=In present study, the stress «
strain relationship for reinforcing steel is assumed to -be

elasto-plastic (Fige3,2)  and for brick a linear relationship
between stress and strain is adopted (Fige343). Since in
dynamic case any one of two faces of a pier could be a
tension face, equal reinforcement has been considcred on

both the faces, Pigure 341 shows the section chosen for

the purpose of the study. Equal .percentage of reinforcement
is placed on ecach face at a cover 'ad', The analysis

is done for both elastic and ineclastic case and is presented

in following sections.
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3’. 3‘_ lai.N/\LYSIS IN EL; STIC RIN\NGE . -

3¢3,1 ASSUMPTIONS : Following assumptions are made in this

study.,

24

3.

Brickwork has the stress - strain curve shown in
Figs 343 and it behaves as an elastic material
upto its failure,

Tension is resisted by stecl only and its stress
strain diagram is assumed to bc elastO~plastic as

shown in figure 3.2

Planc section remains plane after bending, Fig <o
3.1 shows the distribution of strains in the soction

of the brick column.

36342 POSITION OF NEUTRAL AXIS : = Let the neutral axis lie

at a distance 'Nd' ‘below the top fibre of brick, The position

of neutral axis is found by taking moments of the compression

and tension areas about the ncutral axis. This gives,

be Nd. §%+ (m - 1), pbd (Nd - 2d) = mepbds(d - ad) eee (33)

in which

d

i

b

]

=
Il

effective depth of the section

width of the scction

. Modular ratio(--EE—]-{s)— )

pexrcentage of steel

cover for steel (fraction of d)



This on simplification gives,
N2 + 2(mel)eps(N-n) = 2 mp (1=N) = O eer (342

If approximately (mel) =m, N is given by

N = - 2mp + ‘\/-4m2p2 + 2mp(l+€) e (303)

Equation (3.3) holds good for sections with equal percentage

of reinforcement in the compression and tension zong,

3+3,3 MOMENT OF RESISTANCE : - Lever amm cocefficient for

equally reinforced scction is given by

j o= (-1--%’-—) + (-%—— - 2) (—1}—}-1%7 oo (344)

Knowing the lever amm, moment of resistance of the section
can be found from following expressions, With rospect

to compression side taking moment of all compressive forces

- -

about the tension steel,

T

1\1“‘1, . s
Ml = [1/2 N f(m-l).p. "'""‘l'\"l'l'“'} Gbg bd.Jd ¢07(3Q5)

in which,
SIS stress in brick
And with respect to tension side, taking momont of force
of tension about the centre of gravity of compressive forces
we get

M = Pe O s j.o' bd3 ') (396)
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in which ¢ = stress in tonsion steel

5

The smaller of the values of My or M, gives the value of
the eternal bending moment to which the scction can be
subjocted upto the elastic limit,

If the section is subjected to an eXternal bonding
moment M, then, stress in tension steel is given by -

M ~ '

ds] = T i — T Y (3.7)
p"bdo jd
and strain in tension stoel by
‘ ¢
- = S sas
CS o (3,8)
‘ Eg ' :
where ES = Modulus of clasticity of steel

From strain diagram (Fig. 3-1), strain im bxick

P €= B e ee.  (349)

PSS (1 -N)

From thesc cquations strain lovels in tension steel and

brick in the clastic range for different lateral load can be

Calculated and variation of strain in tho section obtained.

3ed4  ANALYSIS IN INELASTIC RANGE ;
3¢4el POSITION OF NEUTRAL AXIS : -~ From Figs, 3,1 showing

strain diagram, we get

G.SC tee (3-10)

i
=
U_Q
)

where ¢

5¢ stress in the compression steel
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Also the distance of neutral axis from the compression fibre

is given by,

N = 1 : sos (3.1.]_')

= e
1+ ________Y_S_t_
moo)b
in which,
qyst = vyield stress in tensile steel
1} = ductility in steel, which is ratio of

~strain in steel to its yield strain,

Simplifying equation 3,11 we get,

3 ) -
st . m, (AN (3.12)

G'b 98 N

Further, equating the force of tension to force of

compression, one obtains

1/2 boNdo cyb + Poe bdc dSC = pcbdo O‘ys.t see (3013)

Substituting the value of o from equation 3,10 in

3413 we get,

_ , .
/2 N+ pm =gt = e —EE L (304
From equation (3.12)and (3.14) we get,
N N m 1-N.
—-;+ pPeM """Na"' = T ( T) Iy | (3'15)

From equation 3,15, one concludes that the position of
neutral axis in the inelastic range depends on the value of
f alone for a given value of p, a, and m¢ Thus neutral
axis for any value of ductility of steel fer can be

calculated in the inelastic range from equation 3,15,
3¢ 44 2. MOMENT OF RESISTANCE : -~ Before ultimate moment of

resistance is reached, tension steel starts yielding in
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stages from the cmtrame outer fibre to extremc inner fibre
and the moment of resistance of the section increases fromv
the first stage and zcaches its ultimate value at full yicld
of the steels The analysis given below takes into account
the actual behaviour of the mamber and is therefore more

realistic.

Consider that yielding of tension stcel has occured

upto an angle 61, Aas shown in Fig, No. 3.4. The stress
in the yielded portion of the tension stcel will be equal
to the yield stress of the steels The moment of resistance

of the section is given by

°, Ry :
My = Jerising dx, o, (3d + X) ¢ forising ax By (INdex B

xe 5 o, (1=N)dtr Cosb)

{3d+ x) e (3.26)

cquation (3.16) on Intogration gives the solution

) 1 dd s . T .
Mo = |5 (6;-1/2,8in 20,) + —z= Sir® o,

l -‘\ . 2 '
N {.(.l..‘ﬂ_%-'ﬁ» (% ~0, # 1/2.5in 20.)
e s ‘ © 8in?
3 1 17—

- Sinsel.COS Ql} 23:‘2. dy 0‘0;0 (3017)

It is assumed in the analysis that the position of the

neutral axis remains unchanged throughout the charge of
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“tension stcel from clastic state to inclastic state.

However the position of neutral axis does shift upwards

when tension stcel starts yielding i.ec. as 64 varies from

o? to m, but i¥ is assumed that this shift is very small

and has little cffect on the moment of resistance of thé

scction, Thus for all calculations the ncutral axis
coefficient 'N' is taken same as in the case of elastic
conditions

The ultimatc moment of resistance of the sectionl
by tak;ng moment about tension steel of force of compression

in brick and compression stecel is worked out as follows ,

, N Neg s/ o
Mbu = 1/2.b Nd. db(d - —%) + m p.bd, db(~N2 ) (dwad) t..(3618)
or |
1 N N-—a’ .
Mpy = S, bas [1/2 N(1 - =) + mep( =) (l-‘a)]‘ eos (3.19)

-

It is obse ved that the moment of resistance bf
the scction does not increase as the column goes in the
inelastic range as any increase in applied moment results
in the cracking of the section and to balance the force of

compression and force of tension, the ncutral axis merely

shifts upwards,

34443, COLUMN DEFLECTIONS WNDE: THE ACTION OF LATERAL
' LOND IN THE ELASTIC RANGE

Casc 1 BOTH ENDS OF COLUMN FIXED AND NO ROTATION  ALLOWED

AT A AlD B,
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}kr—M—%

Deflection of the point B with & ,A/W”7” e
respect to tangent}ap;point'A p Hf T
R . ;

. ¥ oa o . L /4
as shown in Fig. 3,1j%s given
by, J N

B . ) Nz
Mo z.4z (3,20) -

A = -—-ﬁ*i' o ¢as . 2 ‘ F‘g‘ 3_“

in which EL = flexural rigidity of the columne On %aking

limits, equation- (3.20) . gives, . S

M,L2 '
A = L .e ' se e (3021)
6EL
. PL . ' .
Now since M = -3 , equation (3,21) may be written
as. _
3
A - e (3.22)
12 EI

From equation (3.22) deflection of the column fixed at top
and bottaﬁ under the action of lateral load P can be

calculated casily,
Case 2 COLUMN ACTS AS CANTILEVER : - 'Deflection of
point B, with respect to tangent at A is given by the

well known, expression,

3

A = "‘1?"]:"‘_"" “ve o (3»23}
3EI »

From equation (3.23) deflection of the cantilever column can

be Calculated.‘Equaﬁion (3.22) and (3.23) on comparison

show that deflection of the cantilever column is 4 times



- 23 -

the -deflection of column fixed at top and bottom under

the action of equal horizontal lateral load PR.

Case 3 : DEFLECTION OF PORTAL FRAME WITH DIFFERENT
END CONDITIONS '

Generally the end conditions of the piers in a
structur® are such that it can be considered as fixed aﬁ
top and bottom. The theoretical analysis for'lateral 1oads \
and‘corresponding déflections of such piers is presented in
this gection, To verify these thooretical results

experimentally, it is necessary to simulate conditions of
fixity at top and bottom of the pier, For this it was

decided to have two columns suitably placed and. joined rigidly
at top by a beam, However in the experiments, the rigidity
of the joint could not bc achieved inspite 5f best efforts.
Therefore for tﬁe purpose of obtaining more réQiistic
theoretical results, top end joint is considercd as impor-

foct, This has been done through usc of a parameter .,
such’fhat it rclates the rotations of the column end with

that of the beam end, This is doscrlbed 12fthe follow1ng

paragraphs, =

—
™~

Consider portal frame ABCD as -~

shown in the figure 3,12. Let L2t B &
‘ : - AR, H— '\QE

“ rotations of points 1,2,2,4,5 Fig. 3.12
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and 6 be 8y, 0,, 05, 04 05 and O respectively,s In this

casc as basc is fixed and no rotation is allowed,

AJ—SO 92 = 85

Also as top end joint B and C are not perfect, Let

03 = 84 = L9
wheré o = a constant varying between O and 1 and for
perfect joimnt « = 1,0 . |

~Applying slape deflection equations tc the varicus manbers

wt have ,
o ooom | 34 |
Ml = C @2 - "‘"T:“'] s00s (30 24)
. 2E,. [ 3A '
My = - ¢ |20, - ——-f—] eeee (3,29
; 2EL, 1 5 ’
M = b _
3 MH - 283 -+ 94 *s e (3626)
EI, [ ] o
M4 = 2 b 294 + .93 _ soe (30 27)
H L ..
2EI F
5 —-\--I-:—-(—:-.- 265 - TA .' ) o0 (3028)
: B 3A‘ -
: _ 2EI ¢ ) - . see 30 29

In these equations there are two unknowns 0, and A 25 64

%4 and 95.can be eXpresseq in temms of é2 s and where,

EI. = Flexural rigidity of the column

EIb =  Fleyural rigidity of the beam



H = Span of beam

Now the conditions of equilibrium arc, at joint B, &nd G,

MQ+ My = M, +Mg = O eee (3.20)
and My 4+ M, + Mg+ Mg+ P,L. = 0 ver (3431)
Let QEIC - Kc‘ " and zilb _ K, Then from
condition 3,30 we get After substitution of

b3 = T8y

6, 7 %y

95. = 62, giveé
My = Ke [ 0, - 9—%} e (332)
My, = K [2@2 - -3{3—} | vos ‘(.3,‘.33)
My, = 84K, 0, S SO (3,._34)
My, = 3K, 6, | ees  (3435)
M = K, "292 - —f—-] | vee (3,36)
g o= K [02 - 3A} - veo  (3.37)

Now the conditions of cquilibrium at joints B and C,

as given in equations (3,30) 4nd (3,31) vyields on

substitution,

- 1 !
62(2+ 3o <b = U-""—" tas e (3.38)

S

: _ A
nnd 92 - 2L "G-K"(';- A ERE X (3.39)
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Substitution of the value of 6, from cquation 3,38 in

2
equatio 3.39 and taking b = b, yiclds on simpli-
o Ko =
flcation,

s .
A —- PL . 2(2+ 3(b) 2040 (3.40)
24 EI ( 1+ 6¢h)

c
Now for pier fixed at top and bottom, its deflection under

lateral load is given by euation 3,22 as

- PL3

) v i ‘ e

(3441)

where ATBF

Deflection of picecr which is fixed at top
" and bottom and P, is theapplied load on two columns,
Thus equation 3.40 may bc rewritten as

I c( ’ : -
A = A 2(2+ 3 b) . 90 e (3042)

TBE.  (1+ectb)

Equation 3,42 is a gcneral equatidn glving deflection of

the portal for any end condiiion at top of the pierin t"e
elastic range, The effect of variation of .o, op ﬁhé:
deflection of the portal frame is illustrated in table 3.1
gaking ratio of Ky/K,  as C.5, 1.0, 1,5 and 2.0,

Table 3.1 indicate that as the top joint.of the
piers with the beam mores from perfect to imperfect with
inc¢rcase in lateral loads, the deflections of the pier goes

on increasinge
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TABLE 3.1

EFFECT OF VARIATION OF o AND kb-/kc RATIO ON R B PORTAL
DEFLECTIONS )

o S N - Deflecti g)n = bpp X
A 5 S k k k
-ﬁ?:mzﬂ%}=a587%= L0k§=l& ﬁ—=zo
0 4,0 4 4 4 4
0.1 3¢5 3.32 2,87 2, 58 2,36
0,2 3432 2487 24 36 2,08 1.88
0.3 3,( 8 24 56 2,07 1,81 1,65
0.4 288 2,36 1,88 1465 1,52
0.5 2,72 24 20 1.75 1455 1,43
0.6 2, 58 2,08 1,65 1,47 1,37
0.7 2. 46 1,97 1,57 1,41 1,32
0.8 2436 1.88 1,51 1,37 1,28

0.9 20 28 lA8l la 46 lc 33 l' 25

1,0 24 70 1,75 1.43 1,30 1,23
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At &, = 0, which means that pier is independent
of beam and acts as cantilever, the deflection is obtainced
as 4 times the deflection of picr which is fixed at top and

bottims This is cvidicnt from equations 3,22 and 3.23 also.

Effect of changc of beam and column stiffness
ratios, which may bc due to change of modulus of Elasticity
cf brick, is also taken into account in the above analysis,

This indicate that as kb/Kf ratic incrcascs, the ReB.
portal deflection goes on decreasing. The variation of

portal deflection with change in value of &, for different
Kb/Kc ratio is presented in graphical fom in Fig. 3,6,

which shows the order of difforence oxpected in deflection

due to variation of Kb/Kﬂ.

Sede 4 CALCULATION OF MOMENT OF INERTIA. OF THE SECTION :

lKnowing moment of resistance of the scction at any stage
of loa“ing , theoretical deflections can be calculated if
moment of incrtia of the sccetion is known. In the elastic
range the position of neutial axis ramains unchanged and
both tension and compression steels arce effcective and
contribute towards the moment of incrtia of the section,
lowever when the tension stuel yields then it 1s assumoed
that the yiclded port of the steel does not contribute

towards. the moment of inertia of theo section, Considering
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vielding to have occurad upto an angle el the moment

of Incrtia of the section is found as follows {

Moment of inertia due to compression side about

the neutral axis

Ng) @ | |
IC = b. S""%)‘-* + MeDoa bd( Nd. -ad) 2 'YX (30 43)
or I, = 1/3 bu(Nd)® + mp.bd®(N-a)2 ... (3,44)

and due to tension stcel which has yielded upto an angle el:

T 2 ,
I_t = j 2r Sing dx ‘/(l - N) d‘l"X] " eee (3045)

01
cquation 3,45 on solution gives,.
- 2 242 R 411
lt = mr3(1-N) ?d (n-el+l/2 Sln.2el)+m.2r '{8 (n-el +
Sin 28 : i
+ +"*'—-"'°‘2~"-—1-") - 5in% 91 Cos elj

3
_4!’-

(I'N).d.n'lo Sin3 el s 0000 (3.46)

4.054

Thu total flexural rigidty (Eb.I) of the scction is thus

given by I = I, + It

, 1 o .
EI = - By b{Nd) e + E, ‘kp.bd8 (N-a)® + o2 (1-N)®2d® .,

Sin 26

1o 1
(ﬂ-el 4 Sin 28, )+ 2r4{ 8 (n - Ql+ 5
2 e ’ , .

-~ Sll’lsel Cos el){ - wé- I‘B (l - N)d SLLI"TL3 el .e (3.47)
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The above cxpression is of the fom

I = “ b, cr E

b.[ '—“—\' Eb- a+ Es’cb cooo(3¢48)

The value of I for different values of 6 can be calculated
from above cxpression,

The 'value of E.I is directly required in caleulation
of deflectiony This value is experimentally found out by
taking the free vibration reco.d of the cantilever calumn
with the help of a pen recorder. From the record frequency
of vibration is calculateds The formula for ffequéncY of

cavtilever free dibration is,

£ - 0,56 P

w L4
where E = , modulus of Elasticity of the material of the
calcumn
g = acceleration duc to gravity
w o= weight of calumn per ems, height and
L = héight of the calumn

This expression gives the value of EI as f, L, wand g

arc known quantities,

3¢ 445  CALCULATION OI' AREA OF THE SECTION The expression

for calculation of shear deflection is



- Pl w4 EaL veve  (3.49)
Ashear o2 G.A T E. N\
where

P = .latcral load acting on the column top

Exy!
[

= modulus of clasticity

A = area of uncrecked brick section, compression

stcel and unylelded tension steel,

Calculation of shear deflections require the value of A,
which changes from elastic to inelastic range, It can be
calculated for differant stages of yiglding of tension stcel

as given bclows

If tension steel has yielded upto an angle o,

as shown in Fig, 3.5 we have,

Area of Strip = 2r, Sin @, dx. -~
£ = 1 Cos 8, dx = «r Sin 0
| T ' ///
Aig Area of unyiclded steel = [ 2r®? sin®p. do ‘
J
o1
., Sin 204
= T~ (ﬂ-@l-i-—-"————-'-—*-*) se o (3.50)
2

For different values of 6, area of unyiclded steel can be
calculated and effective area of the section calculated
as given below,

Eba’\ = Ebb‘ {\\id + ES L) Jl\kc + A.\.te . ES AN ] (3.51)
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where Ag = area of compression steel

At@ = area of unyielded steel

The total deflection of the calum under the action of
late.al load can be obtained as sum of the deflection duc to shea:z

shear and that duc to bendinge

3.4,6  THEORETICAL COMPUTATIONS OF LOAD. - DEFLECTION
CHARACTERISTICS OF R, B, PIER USING .ABOVE ,PPROACH
A comutor programme, prescnted in Apendix A, ,’is
made for computation of lateral loads and corrosponding
deflections of reinforced brick cantilever pier using

the above theoretical aporoach, The variable parameters
considered in the analysls are percentage of stecl and
'gd‘ cover for stéél. The vaiue of 'a' was varied from
0.10 to 0.25 in steps of 0.05., The quantity of étcél

reinforcement considered are 0,25, 0,153, 1,0, 1.5 and

240 percent. The load ~ deflection characteristics of

such piefs werc obtained for different percentages of.
reinforcing steel while keeping the cover for steel as
constant, Effect of variation in cover on the column®
behaviour is also examined, The theoretical results
obtained are presentcd in graphical form in Fig, 3.7

to 3,10 and are also listed in tabular form in appendix 3,

Following conclusions can be drawn from the study of Fig,3.7
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to 3;10,'

1,

2e

de

The shapc of the load - deflection curves is of the

general non « linecar type and similar to skelton

" curves given by Jennings {13,  Thess curves can be

approximated into an elasto « plastic system, However
this approach being more realistic, predicts more .
oxact behaviour of reinforced brick plers unde the

action of'laterai loads.

The lateral load carrying capacity of the pier is

increascd in propOrtion to the percentage of steel

for constant cover for steel.

The figures also indicate that the increase in lateral
load carrying capacity of reinforced brick column may

be 10 to 15 percent when tension steel goes from

elastic to inelastic range, This increase is found
to be more for higher percentages of'st@el compared
to the lower ones for the same covers Load factors

are given in /pendix C,

An increase in 'cover'lfor steel decreases the
ultimate lateral load carrying capacity and ylelding
of tension stecel also starts at a lower lodad and
Comrospoﬁding deflections arc more, Also it can

be concluded that by increasing the cover in a
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reinforced brick scetion, the ductility in tensile steel
can be decreased if required, However this will have
to be done at the cost of some reduction in ultimate

lateral load carrying capacity of the section.

When the tension stecel yields completely, the compressive
stress in brick is not reached to its ultimate and on
further loading, the compressive stross in brick
increases, néutral axis shifts upwards and strains in

the tension stcel increases and its goes in the |

inelastic range, However the increasc in load carrying
capacity in case of reinforced brick masonry work is

not appreciables, Thus for full utilisation of the brick
masonry and steel reinforcement, the section is to be

so designed, that when brick reaches to ultimate stress
g ’ ’

tension steel has some werkable ductility,
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CHWTER IV
ANALYSIS OF REINFORCED CONCRETE - SECTION
4.1 Expressions in this chapter, have been developed to
calculate ductility in tension steel, position of neutral
axis and moment of resistance of the section in the inelastic
range, for various paramcters of the section, -

Typical stress = strain atrve for unconfined concrete
in compression is assumcd to be parabolic for the present
study of the response of Reinforced concrete sections to
applicd bending moment which is increased to ultimate,  Let

ke b2 the ductility in concrete. p is defined as( refer

Figse 4,3)
L

Ultimate strain in concrete 'ecu
L= . T }

Strain in concrete corrosponding to Maximum stress'c, '

Normally e ., is about 0,002 and ultimate strain

«®cu’
varies from 0,003 to 0,005, So in concrete ductility

varying from 1,5 to 2,5 can be expected.

Assume the stress - strain curve for concrete has cquation

n ) (dmC ) ° (4.1)
o = 2(-.._.._.-1.« Q@ - €] esee 401
c P c e ® c

ot}
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whezre,

o = maximum strass in concrete

me

ey = strain corrosponding to maximum stress
dc = stress in concrete

eq = strain in concrete at I stress level

Fige 441l shows the section and stress - strain variation

in the section. Strain in compression steel is given by ,

a"

e = . =
cs ec N
and e . e N
- Qa - O —,
c .
S 1 «N

s

stress in compression stoel, Y

cs
N - a
or Scg = Egee.s — :
- N
T : -
From fig., 4.2, e, T fge eys

where NLPPEE ductility in stecl and e _,

of tensicnstecl, also, e = e

Cc

From cquation 4,3  we have,

N
Fer Cem = P &5 (T W)
or fg T 'U"C ICL . ..*(.J:__:.._.le
eys N
also from equation (4s4),
s _— Iy N - a
“cs T “cLs.ean ( NT—)

yo

e
cm

eeve  (4.2)

{ 44 3)

( 44 4)

is the yield strain

cere (4e5)

ceve (446)



The C.G, of the stress diagram of compression concrete from

the neutral axis can be worked out as follows

/Nd gs 0, de
g = b . ave (4'7)
d ’ .

¢ de

O~—=

Substituting the value of ¢ from cquation (4a1) in (4.6)

we  get,

Nd -0 ¢
j e | 2 emC . - CE . ¢®) de
s _ o) cm e
Nd c o
(2B ¢ -—=F-. e?) de
0 €em ecmz
Solving we get,
T - N (23- 14l
(l - l/3 MC )
or ¢ = N,d. K oo (4.8)

(2/3 -~ 1/4p,)
(1-1/3 pg )

where K

il
i

The force of compression in concrete F.,can be obtained as

(o}
Nd
F, = [ b o, de vee (4.9)
o ‘
_. | he
or EF, = bNdy e (1 ==5) ees (4.10)

mc*®

Equating the force of compression to force of tension

we get,



p bd, ¢ + Db Nd

pe bd dygr = sc berdne (1 - —§~)
[ B ) ! (4011)
. 0 o
" — - 1 _mc _5
0T, o T Tyer - Noge = 5 (1 — ) see (4.12)

Substitute the value of o , from cquation (446) in (4.12)

we get,

Nega _ : K
peeBgeepn (—r— ) = Syat = Nebos Tue (1 ) +.(4,13)

p
Taking moment of the force in tension steel and compression
stcel about the C.G, of the force of compression in concrete,

woe get the moment of resistance of the section as,

M_ = phd® ¢

T yst (l=MNFNJK) + ch;d (N = a - NJK) ves (4;14)

The values of E., o Ay and _p, arc known in

o ,
cm’ yst? °me

an experiment. The equation (4.13) contains unknowns te and

N Thus the pesition of neutral aixs for any ductility in
concrete (p.) can be calculated from equation (4413),

Knowing the valuc of [N, the value of ductility in stcel
(us) can bc worked out from cquation (4.5)s The value of
momcnt of resistance of the section in the inelastic range
and for varying valucs of ductility in concrete (uc) and
steel (ﬂs) can be calculatod from cquation (4e14). The

momont of resistance of the section in the transition phasc



of tension steel from clastic to inelastic can be donc as in

the case of analysis given for reinforced brick column.

4e2 CALCULATION OF DFLEXURAL RIGIDITY OF THE SECTION : -~ Eorx

the purpose of calculations of deflections, E I value at
oach stage is required, As the stress - strain curve for

concrete is assamed to he parabalic, so at each stress level,

[a)

thevaluc of Ee will be changing. Thus to calculate
contribution of concrete section, taking into account the

variation of E_,towards E.I,value of the section following

C v
procedurc is to be adopted. “f%A~»~_® .f
B 'R
(-3} ¥ 1 N.do
The parabolic equation of stroesse - i
. _ v n AL
strain cuxve for concrete is from
. e Yp—— —-l
equation No. (4,1) as, =
G'mC o c 4.4
s -
EC: 2( = ) - ( ). GC s (4'15)
“cm ' &

e
cin

Equation (4.15) contains strain in concrete (2.) as the only

G
variable e, depends on the position of the fibre undet
congideraticn. Reffering figure No, 4e4, If strain at
(1 « N)a+ r Cos 8- is yiéld strain then strain in concreote at
distance x,vill be giQon by,

e

yS «

e = seae (4416)
Cex (1L=N)d+r Cos 0
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Substituion of the value of e.,in cquation (4.15) yields,

o &
— .....r.n.g mc ys [} s s 4‘-.‘ 17
Ec(x) = 2 o ) - ( o 2) {1-N)dtr Cose i ( )
cm cm '

Let dx,be the thickness of concretc fibre at distance x from

the Neoutral axis then contribution of compression concrete 1sy

Nd O'C l e} c o)
Bl = j bedx x?| 2(—2ir) o (= 7 SA
0 cm e, ? [( 1-N) d+ rCos6]
s (4.18)

In the above expression 8,will change as the tension steel
yields from elastic stage to inelastic stage. Contribution

of compression stecel can be calculated directly aS‘ACSEs"

The yielding of tension stecel can be taken into.account
in calculation of Egelpg 28 descrikbed earlier in the casc of
R.Bs picr calculations. When ductility in tension steel
is grater then 1,ite contribution towards EceI value is zoro.
Contribution ¢f concrete and compression stcel can however be

calculated as described carlicr.

443 CALCULATION OF EC.A- - For calculation of shcar

deflections we require the value E_¢A where = A, is the

©
h

(fective arca of the section, For concrete, again Eg,
will change with distance from ncutral axis. This can be

taken into account as described bolow,y:
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bedx,. EC( X) | . ses (4019)

From equation (4.17) and (4,18) we get,

Nd [ ﬁnc mc eys ax
B, Ay = J b} 2( == - (== :
A [ c S l[(l-l\z)ld'f r Cost)
| verees  (420)

From oguatiéh (4¢20) we can calculate EC'AG taking into

account variation of Ec’

Arca of tension stecel reduces as it yieldse This can be
calculated as given carlier, EgeAgg also can be calculated
casily, Thus shear deflections at cach stage can be calculated.

Using the above approach, the‘effect of variation of
percentage of steel and cover for stecel on the lateral lead -
deflection characteristics of reinforced cenérete columns
can be studied similar to roinforced, Lkrick sections as
described in chapter ITII. The use of the exprossions‘
developed is illustrated in chapter VI along with the results

of exporimental studics,



CHAPTER V

| ULTIMATE LOAD CARRYING CAPACITY OF SHEAR WALLS

5.1 GENERAL :~ Precseding chapters describe mathod of -
computation of ultimate lateral load carrying capacity and
doflections of reinfwced brick and reinforced concrete piers
taking into account the ductility of stecel., However such piers
only form a part of a shear wall which is the main lateral

load carrying member of a building, This approach is extended,
in this chapter, for cstimating fhe.lateral load éarrying
capacity of a plane shear wall, This is illustrated by an

examplo presented in the subsequent sections,

5, 2 THEORETICAL MODEL AND FORMULATION OF PROBLEM :~ The
model selected for the present study is shown in the figure 5.1
The wall contains two openings (a) window {b) Door, which
generally occure in tho practice, The openings divide the
wall into a sorics of plers, whicih for the present analysis

1s considercd to be acted by lateral load which may be due

to wind or earthquakes, The wall is divided into three piers
vize A, B and C, cach of different stiffnesses. The lateral
load applicd on‘the top of the shear wall is éhared¥by these
plers in the proportion of their stiffness. The load shared
by cach pier multiplied by half the helght of column gives
moment applied on the section. In cach pier, plastic hinges
will be  formed, when +he load shared by them is such as

to caust a plastic bending moment.

<
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The probleh attempted in this chapter deals with
finding out the ultimate load carrying capacity of the
‘shear wall, when plastic hingues have fermed in two piers
and these¢ are deflécting in the inelastic range and the
third pier has just attainéd yleld stress in the tensiop
stecels The load factor, obtained by dividing the ultimate
load carrying capacity of the shear wall by the load which
causcs Jjust yileld of first pie:. is found for the shear wall
considercd here, This gives an Index of extra load which
the wall can take through inelastic deformations of the
wall, Lal (7) has shown that the perfomance of the long
shear walls is similar to that of benf and the effect of
over turning moments and superimposed load is negligiablc and
béhaViuur of the wall is of shear type only, For such type
shcar walls following analysis c¢f ultimate load carrying
capacity will be useful in ascertaining the extra load that
the wall can take vhen nlastic wingoes arce considered to have

formed in the picrs.

5¢ 3 ANALYSIS : - The method for the analysis of thesc
picrs is similar to the analysis of bents. The method is

described below,

THE BENT METHOD : The picrs fomed are assumed to be tied
together by the upper and lower portions of the wall. The

portion above and below pler is assumed to be rigid. The lateral



force is carried to bottom by shear and moments in the pier
(Figs 5.2 ), The spandrel of the equivalent bent has much

greater flexural rigidity ascomnarag to picers.

For the analysis of a bent, it is conviénient té make
use of an equivalent frame concept in which the bending
momant diagram for the bent is modified as shown by the
dotted line in Fige 5.3 This modification is made sach
that the shearing force produces the same strain energy for
the colunns e¢f substitute frame as that of the origanai bent,
The columns have uniform crggs section along their heights,

The strain ener due to flexure in bent colum is given by
Y Y-

| o L
o (Hy -M)2 b (b - M)

U = — * ( Y ')2vdy
2L h .
o 2E1 5
(5.1)

Case 1 : If the slope at the base of the pier is zero,

Sy
©a = 6Ma 0
h : ( . 8
or _ (1 (Hyey = M) dy h VH_hy =i )(%’;—)
8, = j 2 a + j a1l 2 dy
0 2EI (¢ 2 EI
As EL,is constant throughout ’
H..h 2 Hohy « M h3
2 l ‘ IV‘i h) - ‘a. l a ] = O
(- =2 a M .
2 h? 3
2 v
on iy (hy + 3) = i i



anhd hence,

3
M, =
a
2 h
(hl +-'°3*~)
-2 h
- Hyehy (1+ 3 By
- ()
- 1 n )
( 1+ g“ﬁz
Haohi , ’
Also My = - . ,  Therefore for the corrosponding

column in continuous frame, the height hy' is equal to

(1+% %l)
hp = 2hp = By
(14 ¥~ )
hy
But
’ 2 1
(1 + = ﬁ ) : 1
>0 h 1 h ‘h 3
= Q= == - (_)3+...__(l+—)
1 h 3 h o hy
(1+ — - ) .l
3
1 1
I M S (5.2)
or hl = a4 ' hi voe 990 2

. Case II If the column at base is not restrainced i1.c.

M = 0
Hh
, ' h
Jl (Hoy) 2, dy ( (—F—= +v)? .
o 2H °  2mE '
!
. \ 2
. }il "(_}:{_.-LL_dy ascsesae (503)
- 2EL
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Solution of equation (5.3) gives

T 3 3 h
hy = h {1+ ?:l)
1
t h 3
or h] = hl(l + Hl) ‘e "0 (504)

Thus it is scen that conditions of resgraints of column

at basc do not effect the cquivalent height ht of the
column, From this, horizontél reactions and momcnts in the
columns of the bont can be obtained ffom.an equivalent
continuous frame for aﬁy degrece of restraint at base.

For equilibrium, the following condition must be

satisfied,
P = H + H + H cess (5e5)

Now If a horizontal force is applied at top of épandrel,

then all piers willmove by the same amount unless any crack
an failure occures in the systems Till all the plers arc in
the elastic range, the distribution of force in each pier will

be propcrtional to thelr stiffness against deflection. When
. first pler yields and reaches in the inelastic range, the
further applied load is shared by rest of the piers in the
proportions of their stiffnesses. The yielded ;olumh does

not take any extra force and it just deflects as plastic hinges



are formed in the piler at top and bottom, The load on the
shear wall can be increased till all piers rcaches upto the
yield moment and plastic hinges arc fomed in them, The

deflection due to bending and shear is given by,

ht3 |
hi
I R . U coee (5.6
12EI GA '
when G = 0,5 E
P ht 3 _ ht
A = ‘i“ié‘ ( i = 28.8 T ) e e (5.7)
in which,
A = deflection at top of pilers
E = Modulus of elasticity
G = Modulus of rigidity
I = Moment of inertia
A = Cross - Scctional area of pier
h' = Equivalent height of nicrs

Now the part of the load sh.ared by each picr can be

calculated as,

Hl T —— P X (508)

From this equation Ha' Hb, H, eessesctce in ceach pler can
be calculated, Then picr having shear H, will produce a

moment,



M, cosve (5,9)

I
I
[
.
o

If the plastic moments -of resistances of piers A, B and C
are My ., MPB; and My reépociively and heights of

these piers are h

a0 Dy and by then, loads required to cause

thes¢ moments in each piers separately will be,

2 I
P PN
h .
a

X
ll

I | eess  (5.10)

"Then ultimate load carrying capacity of the shecar wall

when all piers have reached to yield stage 1s given by,

QNXP 2;\'113 P N 21‘41
= + P - A_ ....u.m.;). K —-E—C-:-

"Now If P 1is the total load applied at the top of the shear
wall and 1if it is shared by piers in the proportion of

stiffnesses say K, Ky and K, then there can be three cases
G

Case 1 : Let initially P is the load applied then,

|

or Pl = T cere (512)
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equation (B.12) indicates that If Py,is the total load

applied at the top of the shear wall then pier.A,will share

a load of P, y which will cause pier A, to yield, At this

\

stage Pier B, and.C, are, say, in the elastic range and

(P, = PA) load 1s shared by rest of the picrse

Casc 2 : « Now If leoad is increascd to'say, P_ then P&
.

will be thoe load taken by pier ,A,as it has already yieclded
and (P, - ?,) load will be distributed in the proportion

of stiffness of rest of the picrs and If,

(PQ - PA) = *QE“ - {5.13) then to cause yield

b
of Pior,B, applied load required is given by,

P, = P, 4 X, YT (5e14)

Now at load P2 piers (A,and,B,have yielded and A,is in the

inelastic range and B,has just yielded and.C,is in the

clastic stalre,  Additional load required to make this pier

also yield is cqual to Pp.

Thus we can calculate the total applicd loads
at which yiclding of pilor A, picr B and Pier C, will take
places Thie ratio of load required to cause vyielding of

all piers to the load required to cause yielding of first

pier 1s defined as lead factor. This load factor estimates
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the extra load carried by the shear wall due to encrgy

absorption by inelastic deformations,

Se 4 EXAMPLE - PLAIN REINFORCED SHEAR WALL : - To have an
idea of load factor a plain rcinforced brick shear wall fixed
at bottom is considércdnthe shear wall adopted for analysis

is shown in the figurc 5,1,

IS 4326 - 1967(11) recommends 12 mm, diameter
bars for lé brick thick walls for single storey buildings
and for any other thicknesé of the wall, the arca of the bar
1s to be increased or decrecased accordingly. In bresent

cascy, since walls are 20 cms, thick, 10 mm diameter bars

arc nrovided on each face of plers as shown in Fig. 5,2

5« #s1 ~ CALQULATION OF MOMENT OF INERTIA : For reinforced

shear walls,

1A = Ia + '% N J‘\SQ (Ll - 28)2 seas (5.15) )
1 T A x - 2 -
IB - Ib + 2 11. .{\S (L2 2&) t.. (3016)
I = I '+ L A (1 2a)® ' (5.,17)
¢ = c 5 m, J\S “] - 22} Pess e
Areca = Aa,+.2m‘ As etce, veao _ ( 5 18)
where,
3 =  Area of unreinforced pier y
A = Arca >f reinforcing bar
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In present case,

As = 0,785 x 107% o
Ll = 0Ou5m

L2 = l1l,0m

L3 =  2.0m

a = 0.025m

m = 125

Thickness of wall = 0,2 m

On calculation we have,

4

In = I = 0.003075 m | ..; (501¢)
and Iy = 0,517 m’ e (52)
Also,

Ay =4, = 0,1196 m® 4“,.; (5.21)

and A, = 0.4196 n® eee  (B5.22)

Se 4 2 CALCULATION OF EQUIVALENT HEIGHT OF PIERS,
1) PIER A,  and B,

h = 104 m
hl: le2m
fherefofe h = h = 1.2(1 L4 )i =1 | (‘ 3)
A‘ = B = .2 'T"i"‘" = 056m0« 502
2) PIER C
h = l.4m
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3 = 2,49 M ae (5624)

1,4
therefore hi = 21 ( 1+ 5%

56 44 30 CALCULATION OF STIFFNESS

le  Pier A znd C,

Equation (5¢7) gi-ves bending and shear deflection of the

shear well,

From this deflection of pier A and C is given by,

p L9562 L g, x Le58
8, = T2E ( 0,003075 . = 0,1196
_ P, 1lelé
or A = 17 E
. l ' A. c "
theremre..{%: Ky = —ppe- = 12B X 0,00062 ,(5025)
similarly
Ky =  12E x 0,00752 eer (5426)
Ke =  12E x 0,000176 oo (5427)
K o= K+ Kg+ Ko = 128 x 0,008316  ees  (5428)

1f P is the total load applied then from equation (5.8)
If load shared by pier A, B and C be 21, P, and P,, we have

P 0,074 x P eoe o {5429)

P

t

> 0,906 x P e - (5.30)

It

and p3 ,0002 X P .o.oob (5031)
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5o b 4 QALOJLATION OF MOMENT OF RESISTANCE OF THE PIER
$ECTIONS AT YIELD POINT

/

7
/

PI’ER "A, ' Jnd QC;

Pefcentage of gteel = 0,0785

Cover = 2,5 cms
m = 125

The noteral axis coefficient 'N' is calculated to be 0,299
and lever am coefficient 'J' = 0,916, If yicld stress

of tension steel = 2600 kg/cm®  then,

The moment of resistance of the sectlon when 8 = 0 is

calculated from equation 3,18 and is as given below,

-89,000 Kg.dnsQ

=
|

Load required +to causc this moment in pier A is given by,

p, = 2L - 2x89,000 . 153,33 Kg ., (5.32)

L 120

~similarly for pier C

P3 = 2 x 89000 = 850 Kg see (5033)
210

Similarly moment of resistance of the section when pier

B reaches yielding is

M = 3,84,000 kgs cms and load required to be
applied is

I

6, 400 Kg. ese e (50 34)

P

2
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5¢4ad CJ\LQJL‘\TION OF TOTAL LO/\D REQUIRED TO CAUSE HINGE

Now we know that applied load Pl-is shared by each

piers as given in equations (5.,29) to (5,3)s There can

be three cases,

1) Total load required to cause yielding of pier A
alone when all other piers are in elastlc state

is calculated as belowi

P x 0,074 = 1483,33
or P = 20,000 Kg Cves ( 54 35)

2) Similarly total load required to cause yielding
of pier B when all other piers are in elastic

state is given by,

P = 7060 Kg cee (5, 36)

3) Also total load requircd to cause yleld of'pier'
C when all other piers are in elastic state is,
P = 42,50 kg see (34 37)

Preﬁ‘equations (5.35) to (537) it is mdserved that as
gpﬁlied load is imcreased, first of all,the strongest pier
B will yield,as the load shared by it is the maximum,
Next yielding will take place in pier A,and lastly in pier
" Ce But pier B, when it has yielded will not take any
additional load and increased load will be shared by

piers A and C alone in proportion of their stiffhesscs.
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Thus when a load of 7060 kg is applied a load of 6,400 kg
is taken by pier B and if yields, at this stage pier A and

C are in the 2lastic stage,

Now load will be shared by piers A and C in prbportions
of their stiffneéses viz,

KA? K.C 1 e 6.79 1 0,21

Now let total load reqdired to cause yield of pier A
is P then for yield of pier A

P x0.79 = 1483,33

or P

fl

1880 kg,

Thus total load required to cause hinge fomation in pier
B and A is given by

Py = 6,400+ 1,880 = 8,280 kg

At this lod pier A and B,reaches yield 1imit and pier .G,

s in elastic states For hinge fommation in this pier also,
additional ioad of 850 kg is to be applieds Thus ultimate
load carrying capacity of the shear wall when plastic hinges

are ‘formed in all piers is,
Papg = 1483.33 + 6,400 + 850 = €,733,33 kg..(5 38}

From equation (5,37) applied loéd for first yielding of -

the shear wall is calculated. From equations (5,37) and

(5.38) the load factor for the case considercd here is SivVen

DYoL
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8733,33 _ -
W - 10236 s e (5.39)

Load facfor =
Thus there is an increase of 23,0% (approximately)in the load

carrying capacity of the shear wall,

53,6 CALQULATION OF DEFLECTION : Since all piers will deflect
to the same amount, the deflection of pier C will also give

the deflection of the shear wall as é whole,

Load sharaed by pier . C,when pier B,yield = 0,02 x 7060

t

141.2 Kg. and

Load shared by pier .C,when it just yield = 830 kag.

Deflection of pier C.in first case from equation (5.7) in

the elasti¢ range = 00,0398 ans and similarly

' Deflectionfof pier.C,when it has just yielded = 0,238 cms.,

The ratio of these deflections = —8f%%%8 - 298
Thus the diflection of the shear wall when last pier

yields is 5,98 times the deflection of the shear wall when

only first pier yields. Thus extra 23 % load is taken

by the shear wall by inelastic absorption of energy due to

deflection,



CHAPTER VI
EXPERIMENTAL ~STUDY

6.1 GENERAL : The experiments were performed on the
reinforced brick and reinforced:poncrete columns under the action of

action of lateral loads and the results of these investigations

are reported in this chapters The results comprise of
l. Load vsi deflection curves
2. Strain variation in the section in the elastic and

inelastic range.

642 DESCRIPTION OF MODELS : = The reinforced brick columns
(8 cms x léfcms) and height~75.5 cnse with 12 mm/ 6 mms
diameter mild steel reinforcing bars one each in tension and
compression at a cover of 0.15d were made. Using the special
small bricks of size 3" x 1,5" x 1" and the mortar used had
proportions of coment sand s 1:3 by welght. To fix the

calwmn at base, a base plate of 30 oms x 30 cns x 1,2 cms was
ﬁsed.- zhe reinforcing bars were welded to this plate and to
make avbond,bétween plate and brick few steel hooks were also
welded to plate in a stagge:ed fashion, At top of the rein-

forcing bars a steel plate 8 ems x 16 ans and 1,0 ans thick

was welded, This steel plate had two 12 mm @ threaded holés

50 as to, enable to fix steel beam made of two channels welded
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together on the top of two columns with the help of long bolts
and also for making arrangement for application of loads At
base a cut was left in column to expose the tension reins-

forcement to fix the strain gage, The compamion specimens

were also prepared while each column was made to obtain the

basic properties of the mortar used.

Two sets of concrete columns (8 cms x 16 cms) were
made in M 150 grade giving cement, sand snd aggregate
proportion as 1:2:4 using lQImm and 6 mm diameter mild
steel reinforcing bars at a cover of 0.15de - To fix the
column at base again 30 cm x 30 cm X 1,2 cns base plates were
used and'reinforcing bars were welded to this plate, To
make a bond between plate and brick few steel hooks were

also welded to plate in a staggered fashion, At top of the
réimforcing bars a steel piste 8 cms x 16 cms and 1.0 cm s,
'}thiCK/WQS welded, This plate had two 12 mm, dia. threaded
holes, Yo) that steel plate of size 11 om x48 cm 1nd Oe5 ams
thick cn be fixed over it, with the help of two 12 mm ® bolts.

This plqte had a hole of 12 mm dia. to fix the prov1ng ringe
The water~cement ratio was kept constant and same méson was
exployed tg construct all models in order +to mlnlmise the |
variation of work.manship., The models were cuxeiz for 28 days.

After caring , two strain gages type CAlO,(gage factor 2.,08)



FIG. &

FIG.€.2
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and type L = 10, (gage factor 2,75) were useds Two strain
gages were fixed on one column i,e, one on tension steel

and other on concrete or brick in compreséiOn. The strain
gages fixed on the tension stcel and eompression brick are
shown in Fig, 6,2, companion specimens of brick and concréte
were also made to find the basic properties of the material
useds These are shown in the Fig, 6.1, To test the rein-
forced brick pier fixed at top, R.B, piers were connected
rigidly at top with a steel beam made of‘two channels

welded face +to face.

6,3 TESTING APPARATUS : . For testing of columns ° '
the load was applied with the help of chain pulley block

system shown in Fig 6.3 and load was measured with the help

of a proving ring of 2 Ton.capacity, The proving ring

arrangement is shown in Fig, 6.6,

A long travel dial gage was fixed on'a reference

frame with the help of magnetic base as shown in Fig., 6.6

to measure the deflectibn at the +top of the column caused.
due to the applicd loads The dial gage had a least count of
0,01 mms, | ‘

Strains in concrete/brick and tensile steel were
measured with the help of a strain Indicator through a
multichannel switch, The arrangement is shown in Figss: 6.4

and 6Q50
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Cover for reinforcement = 2.4 cms
Height of cantilever = 75,5 ans,
Density of material ' ‘

(brick work) = 1920 kg/m®

Figs, 647 shows the frequency records taken for R.B., cantilever
column with 12 mm and 6 mm diameter reinforcements. Flexural

rigidity is calculated as given below,

. - Freyencey Records

4

Fi"('j’. 6.7

l, BRICK PIER WITH 12 MM DIA,RELNFORCEMENT

Frequency obtained from free vibration test = 68,75 cps

Value of EI from equation(6.1l) = 124 x 10° kg cm®
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6o4 DETERMINATION OF FLEXURAL RIGIDITY : - Frequency of

a freely vibrating unifomm cantilever is given by ,

XX (601)
whexre
fb = frequency in cycle per second,
I = EQuivalent moment of Inertia of the column
section,
g = Acceleration due to gravity
o = weight density
A = Equivalent area of the section
L = Height of cantilever column

The column section were 8 cm x 16 cms in section and height was
75¢5 cms, Leads from the strain gage fixed on the tension
steel was connected to the brush amplifier, Connection from

the amplifies were taken to a pen recorder,

Free vibrations were created by hand tapping and
records were taken on the pen recorder. From these records
the frequency of vibration of the column was calculated,
Knowing the properties of the contilever column we can calm
culate the flexeral rigidity (EI) of the column from equation

(641)s The properties of cantilever column are as follow :

Dimension of the section (B x D) = 8 ans x 16 wns



2« 6 MM, DIA, REINFORCED BRICK COLUMN '
Frequency obtained from free vibration test = 30 cps

6 a
Value of EI from equation(6s1) = 65,5 x 10~ kg.cm”

645 BASIC PROPERTIES OF MATERIALS USED : The companion
specimens of brick (1:3) and M 150 grade concrete used in
construction of models of columns were tested for finding

the compressive stremes. The average values of the propertiec

exhibited are listed below,
BRICKWORK IN 1:3
6, =61 kg/cm?

M150 GRADE CONCRETE
170 kg/cm?

C
mc

Cuns 0e3 percent

To find the yicld stress of reimforcing steel used,
tensile strength test was carried out on samples of reinforcing
steel used in 10 Ton universal testing machine, These exhibitcA

following properties
6 Mi, DIA, BAR

Yield stress = 6,200 kg/cm®
12 MM, DIA. BAR

" Yield stress = 5,000 kg/cm?®
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6,6 PRESENTATION AND DISCUSSION OF RESULTS. : = The theo=
retical results for models Were computed. first and checked.‘
.with experimentel omservatiunss Filge 648 to 6u17 vpresents
theoretical and experimental load - deflection characteristics
- of the reinforced brick and reinfo;ced concrete piers in

graphical fom and strain variation in the section under
the action of increasing lateral loads. A reasonably good
comparison of theoretical and experimental results can be

seen in the above figures. However it is observed that all

experimental curves initially lie above the theoretical

curve but when lcad level is increased these lie beloW-the
theoretical curves and the ultimate load carrying ca@acity
of the eXperimental model is also less than théofetical

_ value, Also, at initial stages of ioading the neutral
axis is found to lie below the theoretically calculéted
value and shifts upwards with increase in lateral load.

' The discrepancies in results may be atiributed to the |

following roasons,

1. Initially the section is uncracked and also brick/
concrete can take some tension, ,Theoreticél

analysis does not take this into account, Thus
initially theoretical curve is below the experi-

mental curve.

L rwang
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2. The;proving ring maylregister a lower load than
'_ the actually applied, because some part of the

load is 1ost when ciips gets loosened.

3. - Perfect fixity of pier bases can not be achieved
in practice, Any deformatiohs, how .so .ever small
they may be, would reduce the stiffness of the

column bringing down the load « deflection curve,

Some other important factors which conixibute to
these discrepancies arc workmanship and ability of mortar
to form a strong and durable bond with brick/concrete

and reinforcement,

It is dbserved from the experimental results that
a2 slight increase of ductility’in concrete increases the
steel ductility considerably,  However strain in brick/
concrete 1s not weacned to 1ts ultimatevand is less tﬁan -

_ the theoretical value. This may be due to lack of bond

" between mortar and brick/concrete. Due to this brick and
cqncfete may not be utilized to full.extent; This indicates
}the need:of properly Spabed stirrups in the plers fbr

~achieving large ductilities,

Consideration of transition of tension steel from
elastic to inelastic in the theoretical approéch presented

gives theoretical load «~ deflection curve a general nonlinear
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zhgpe‘ instead of elpsto - plastic, which would have been
obtained, 1if no transition was considered, This itallies

very well with the actual experimental results obtained,.

The experimental load - deflection curve in case of
ReB. portal is not close to the theoretical one and lies

much below it, This is because perfect fixity at junction

of the top of the pier with beam is not maintained when lcad
is increased and top joint gradually changes condition from
perfect to imperfects Thisis taken into account in the
theoretical analysis presented in chapter IIL and curves for
changing end condition and differenf beam and pier stiffness

ratios are drawn,

Since structure did not mainfain rigid connection(at
the junction of column and beam, the rotations of the ends
of these two members were different, This means that «,must
notvhavovhad a value equal to unity (which refers t@_berfectly

rigid joint) and must have assumed a value smaller than thie,
"Also this wvalue could be changing during the process of

'loading. The fige 6412 shows the'response of various

frame types with different «<,and K /K, , ratios which
envelope the experimentally obtained load =~ deflection clrve,
Actual conditions of the frame can not be taken'care 5f in

such a situation; The actual value of Kb/KC cbuld be different
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than that taken for theoretical curves, because (E , value of
masonry could be very much different. Fig. 3.6, however i
indicate the cider cf diffcrence expected in deflection due

to variation of Kb/Kc
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CHAPTER  VII

CONCLUSIONS

'On  the basis of results obtained from the theoretical

ahd exXperimental investigation, reported in earlier chapters,

thesc can be summarieed as below 4

Is

1T

IIT

In reinforced brick/concrete piers as the cover of
reinforcement increases, The yielding of tension
steel takes place at lesser load and there¢ is re=

duction of ultimate moment of resistance of the

section, However due to this ductility require~

ment in tension steel can be reduced if required.

Ultimate load carrying capacity of piers increases
with percentage of steel and is proportional to
it for same cover for steel. The increase &R percentage

of steel decre,ses the ductility of tensile steel
and for lower value of percentage of steel,large

duetility should be expected,

A slight increase in maximum strain level of concrete

increases the ductility in steel appreciablyandSince
the load deflection curves aré of géheral‘nonlinear
type, the energy absorbing capacity.of the membérs
is considerably large. This would help the striucture

to withstand earthquake shocks better,
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Properly spaced stirrups should be provided in the
column in order to avoid slipping of bars and to

achieve langc ductility in tension steel

The ultimate lateral load carrying capacity of .

reinforced brick and reinforced concrete column is

- bewy e,

proportional to the yield stress of tension steel,

The section 1s to be so designed that &% ultimate
lQad carrying capaclity of the section, brick has
reached to vyield stress and tension steel has some
workable duétility, In case of reinforced concrete
section, the design‘is to be such that at ultimate
stage, concrete reaches the maximum strain level
while tension steel at that stage has some workable
ductility,
Ihe increase in lateral load carrying capaciﬁy of the
(chosen for study)
shear wallfover its elastic strength, is about 23

percent,considering yielding in all the constituent

piers (see chapter V).

The deflection of the shear wall at the ultimate

stage works out to about six times its elastic . .-

deflection,
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The elastic and inelastic behaviour of reinforced
brick/concreta mombers as envisaged in the theo-

retical approach presented in this thesis compares

roasonably well with the experimental observationss
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APPENDIX A (COMPUTOR PROGRAMME)

C C PROGRAMME TO CALCULATE DEFLECTION OF RoB CANTILZVER 5OLUMN RAJESH

: DIMENSION TH{5)

READ 19BsTDsESHIERALYY AT

READ 2sL sMyN

READ 1o(TH(K)sK=155)

FORMAT (7F10.1)

2 FORMAT (314)
P1=3.14285
A=Al
AM=ES/EB
DO 40 1I=1.,L
D=TD/(1o+A)
p=OoO
DO50C J=1aM
IF(P-,0025) 310,10911

1C P=P+,0025 GO TO 172

11 P=P+,005

12 C=2.%AM*P
R=SQRTF(P#B*D/PI1)
AN==C+SQRTF{CH*C+CH* (1o +A ) .
Ad=1.=AN/3,+ (AN/3=A)*(AN=A) /{1 s=AN)
DO 60D K=1sN
T=TH({K)
T=T*pP1/180,0
T2=26#T
X=SINF(T)
Y=SINF(T2)
Z=COSF{(T)
E={1s=AN)*D
BML=0o5%AJRDH (T=0o5%Y )40, 333 3% X%%4
BMZ2=065% (1o~AN)FKAJIRDRD* (P I~T+0,5%*Y)
BM3=(1.~AN+AJI%XD*R¥0,3333%X%5%3
BMG=o 1 25¥R*¥R¥(PI~T+o5%Y ImZ¥XH%3
BMR=2, #R%¥R*YY¥* (BM1+(BM2~BM3+BM4 )/ (E+R*7))
PLOAD=BMR/AL
EB1=0,3333%EB%BR{ AN®D ) *%3
FR2=ES*B*PADX¥D*D* ( AN~A ) *% 2
ER3=ES*#R#R* (CHE+R¥R¥* o 25 )% (Pl =T+ 5%Y)
RX=R*X
LBG4=2o%ES* (I¥R+20%E*,3333) #RX*%3
EBI=FB1+FR2+FB3~EB4
ATT=R¥R*¥ (P]-T+o5%Y)
CBA-EB*B*AN%D+ES* (PI*R*¥R+ATT)
DEFB=0,3333#BMR*¥AL¥*2 /ER]
DEFS=2.4%BMR/FBA
TOTD=DEFB+DEFS

- PUNCH4 AP sTsPLOADsBMRsEBI+EBASTOTD

4 FORMAT(3FA6345E1265)

60 CONTINUE

50 CONTINUE

40 AsA+0,05
STOP
END:

—
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36143
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0000
o524
0786
1,571
30143
0.000
0524
0786
1.571
3.143
0.000
0524
0786
1,571
3,143
0,000
0524
786
16571
3,143
0.000
2524
186
1,571
30143
0,000
6524
0786
1s571
36143
0.000
0524
« 786

»003
2« 003
«003
0003
e Q05
+ 005
s 005
« 005
~ 005
o010
s 010
«010
5010
s010
a015
0015
0015
0015
0015
« 020
0020
« 020
s 020
5020
s 003
o003
0 0C3
0003
2003
- 005
o005
2 005
2 005
« 005
010
e 010
«010
e 010
<010
9015
0015
s 015
c015 1,571
015 3,143
0020 0,000
s 020 +524
s 020 o786
2020 14571
c020 3,143

STOP END AT S»

0,98342E+02
0.99110E£+02
0010212E+03
0.10157E+03
0.18769E+03
0.18926E+03
0.19123E+03
0.19892E+03

019918E+03

0036043E403
0e26469E+03
0:36980E+03
0.38982E-03
0.39428E-03
0e52697E+03
0053452E+03
0e54345E+03
057846E+03
0.58968E+03
0.68889E+03
0.70016E+073
0671337E403
076526E+03
0e78526E+03
0.87840E+02
0088386E+02
0.89109E+02
0.91979E+02
0.91427E+02
0.16628E+03
0.16774E403
0.16957E+03%
0o17687E+03
0e17704E+403
0,31513E+03
0631906F+03

0e32380E+03-

0a34268E+03
0034670E+03
0:45T766E+03

0ost6462E+03

0.47287E+03
0.50575E+03
0:51602E+403
0a59575E+03
0.60612E+03
0.61829E+03
0.66688E+03
0.,68529E+03
0040 + 01
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0eT4248E404
0074828E+04

0.77098E+04

00 76684E+04
0014171E+05
06s14289E+05
0o14438E+05
0.15018E+05

0015038E+05

0e27213E+405
0027534E405
0+27920E405
0e29431E+05
0s29768E+05
0039786E+05
0240357E+05
0041030E+05
0.43673E+05
0o44521E+05
0.52011E+405
0s52862E+05
0:53859E405
0.57777E+05
0.59287E+05
0:66319E4+04
006673 2E404
0+67277E404
0060L44E+04
0.69027E+04
0.12554E+05
0,12664E+05
0.12803T+05
0.13354E+405
0.13367C+405
0:23792E+05
0a24089E+05
062444 TE+05
0025873E+05
0s26176E+05
0s34553E+05
0035079E+05
0035702E+05
0038184E405
0.38960E+05
0a44979E+05
024576 2E+05
0046681E+05
0,5035CE+05
0.51739E+05
Lo 2

0.,45050E408
0-.432010E+08
0,30039E+038
0.15122E+08
0.8101BE+Q8
0o79404E+08
06,75996E+08
0.,54791E+08
0.31213E+08
0n,14721E+09
0ol4431E+09
0,13826E+09
0.10183E+09
0,63291E+08
0021213E+0¢9
0620789E+09
0o19911E+09
0.14767E+09
0.95274E+08
0.27671E+Q9
0,27106E+09
0.25944F+06C
0,19288E+09
0.12721E+09
0,38722E+08
0w37914E+08
0s36198E408
0.2529%E408
0.12802E+08
0.66680E+08
0.65342E+08
0eb2522E4N8
Oq45031E+08
0.25687E+06
0,11874E+409
0,11637E+09
0e11143E+409
0,81900FE+08
0.50956E+08
0+16350E+09
0.,16605E+09
0s15892E+09
Nell756E£409
0.75975E+08
0s21990E+09
0621531E409
0.20590E+09
0.15263E+09
0+,10090E+09

0~18977E+07
0618629E+07
0s16337E+07
0613541E+07
0.,31360E+07
0,31037E+07
0,30342E+07
0.25758E+07
0620164E+07
0+54502E+07
0.53855E+07
0s52465E+07
0:43297E407
0e32111E+07
0»77207E+07
0676237E+07
0e74152E+07
0.60400E+07
0.43620E+07
0997 T4E+Q7
G.98432E+07
0.95702E+07
0.77365E+07
0s54992E+07
0.18623E+07
0.18468E+07
0.18134E+07
0015934E+07
0s13249E+Q7
0030411E+07
0.30101E+07
Gol29434E+07
0.25033E+07
0.19664E+07
0526 74E4+07
0,52053E+07
0.50719E+07
0e41918E+07
0+31178E+Q7
0eT4492E+07
0.73561E+07
0s71560E+07
0658358E+07
0e422649E+07
0:.96169E+07
0.54928E+07
092259E+07
0074656E+07
0-53178E+07

032252
0.34018
049895
0.97701
034315
035295
0637236
0653476
093325
036320
0637477
039644
006542
0.51584
036871
0.38152
040479
057925
0,91230
036062
0438341
040793
Ne58703
091131
0e33395
0634307
0236202
0653196
0010369E+01
036761
0,37833
0629949
057622
0.10050E+01
0.,391563
040440
Qol2840
0¢61500
0.99612
0.,39844
0041281
0443878
063281
0,99639
0039983
041538
044288
0064294
099761
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0100
0100
0100
0100
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0100
0100
« 100
0100
2150
0150
2150
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APPENDIX

B

DEFLECTION OF R.B PIER FOR DIFFERENT PERCENTAGE -
AND COVER FOR STEEL

CALCULATE DEFLECTION OF

PROGRAMME T0O

2003 0.000
s 003 .524
2003 o786
a003 16571
e 003 30143
s 005 0,000
0005 o524
0005 786
0005 16571
0005 3.143
0010 0,000
o010 524
s010 o786
0010 1,571
0010 3,143
«015 0,000
0015 o524
o015 786
«015 1.571
a015 3,143
a020 0,000
e 020 o524
s 020 4,786
2020 1.571
« 020 3,143
o003 0,000
s 003 o524
«003 786
0003 1571
0« 002 3,143
2005 0,000
2005  ,524
a 005 786
s 005 1,571
« 005 3,143
«010 0,000
2010  .524
«010 »786
0010 1.571
o010 3,143
o015 0,000
0015 o524
o015 +786
0015 1,571
2015 3,143
0020 05000
020 o524
«020 786
c020 1,571
0020 36143
003 0,000

0,12418E+03
0.1246856E+03
05125T4E+03
0612910E+03
0012858E+03
0624384E+03
0e24568E+03
0024797E+03
025665E+03
0.25718E+03
0.47738E+03
0,48240E+03
0048840F+03
0o51124E+03
0051683E+03
0.70457E+03
0,71353E+03
072405E+03
0.76422E+03
0.77780E+03
0+92656E+03
0:93998E+03
0,95561E+03
0.10154E+04
0010393E+04
0010974E+03
0011037E+03
0.11119E+03
0011436E+03
0.11382E+03
0.21329E+03
0.21498E+403
0021710E+03
0,22525E+03
0022563E+03
0,41400E+03
0041862E+03
0642415E+03
0044548E+03
0645046E+03
0.60851E+03
0061672E+03
0,62640E+03
00,66383E+03
0.67615E+03
0.79813E+03
00,81042E+03
0.82478E+03
088039E+03
0:90221E+03
0.97759E+02

0493756E+04
0.94268E+04
0+94935E+04
0s974T2E+04
0697080E+04
0:18410E+05
0.18549E+05
0:18721E+05
0619377C+05
0.19417E+05
0.26047E+05
0.36421E+05
0»36B74E+05
0038598E+05
0s39021E+05
0+53195E+05
0053871E+05
0.54666E+05
0.57698E+05
0+58724E405
0-69955E+05
0.70968E+05
0e72149E+05
0.76664E+05
0.78469E+05
0482854E+04
0.83327E+04
0.83948E+04
0+86341E+04
0e85935E+04
0.16103E+05
0e16231E+05
0s16391E+05
0e17006E+05
0.17035E+05
0.31257E+05
0431606E+05
0632023E+05
0:33634E+05
0434010E+05
0+45942E+05
0646562E+05
0a47293E+05
0.50119E+05
0s51049E+05
0460259E+05
0e61187E+05
0.62271E+05
0+66470E+05
0+68117E+05
0.73808E+04

ReB CANTILEVER COLUMN RAJESH

0.66923E+08
0.65551E+08
0:62631E+08
0643992E+408
0.22441E+08
0012234E+09
00119976409
0011493E+09
0834176408
0.48027E+08
0022943E+09
0s22506E400
0.21589E+09
0016008E+09
0010000E+09
0.33532E+09
0632887E+09
0.31545E+409
0623552E6+09
0615222E409
0o 44090E+09
0443228E+09
0o41645E+09
0.31023E+09
0.20451E+09
0e55223E+08
0,540TBE+08
0.51644E+08
0.36135E+08
0¢18250E+08
0699199E+08
0.97244E+08
0,93112E+08
0.67313E+408
0038482E+08
0,18336E+09
0.17980E+09
0s17237E+09
0e12734E409
0.79276FE+08
0626628E+09
0026106E+09
0625022E+09
0s16616E+09
0012014E+09
0634888E+09
0+34191E+09
0032754E+09
0624432E4+09
00,16101E+09
0s46009E+08

Ne20298E+07
0.20122E+07
0s19743E+07
0e17243E+07
014192E+07
0s33505E+07
0033153E+07
0e32395E+07
0627394E+07
0.21292E+07
0o58647E+07
0.57942E+07
0.56426E+07
0olbb24E407
0a34221E+07
0e83371E+07
0e82313E+07
0.80038E+N7
0665036E+07
0s46731E+07
0.10796E+08
0.10655E+08
0.10352E+08
0.83517E+07
0«59110E+07
0e19695E+07
06a19527E+07
0e19164E+07
0nl6T772E+07
0613854E407
0a.32388E+07
0a32051E+07
0e31325F+07
0e26542E+07
0e20706E+07

0.56486E+07
0.55811E+407
0.54361E+07
0e44T794E+0T
0.32121E407
0.80156E+07
0679144E407
0.76968E+07
0.62618E407
0e45109E+07
0.10369E+08
0.10234E+08
06994 42E+07
2,80308E+07
0.56963E+07
0,19139E+07

0627725
0028446
06299572
0343453
0e83831
0629908
0630719
0,32334
0,45831
079001
0631321
0.32255
0,34019
0,47806
0.76869
0s31671
0,32693
0034564
048674
0.76310
0531699
0632790
0634747
049154
N.760872
0629515
030299
031934
0a46632
090949
032035
0632927
034700
049538
0.86079
0.33716
0.34756
06326711
051983
0.83971
0034155
0035298
0637384
0,5307N
0683446
0434209
0035435
0637624
0653675
0683245
0631404
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APENDIX C

EFEECT OF COVER AND PERCENTAGE OF STEEL ON ULTIMATE
. LOAD CARRYING CAPACITY OF R, B,PIERS

Cover for  Percentage of Load Factor
Steel : - Steel -
0,10 . 0,25 . 1,03
0,50 1.06
1,00 1,08
1e50 1,10
2.00 1,12
.0ed5 0,25 1,04
0,50 1,06
1,00 1.10
1,50 112
2,00 1.13
OO 20 O‘o 25 l'.‘04 )
0450 1,065
1,0 1,10
1.5 112
2.0 1,14
0,25 O 25 | 1,04
0450 1,07
l:.l.,o l.lO
1.5 1.13

2.0 le15
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APPENDIX 1,

TABLE 6,1

REINFORCED BRICK CANTILEVER COLUMN WITH
6 MM, DIA.BAR

EXPERIMENTAL RESULTS

LOAD DEFLECTION STRAIN IN BRICK STRAIN IN TENSION

(KG) (MMS.) X 10-6 STEEL x ]_0-6
0 0 | 0 0
20 | 0422 40 - 80
20 0456 70 120
60 0497 110 180
80 - lea7 155 278

100 2410 190 360

120 2,78 , 275 | 485

140 332 320 610

160 3,95 340 630

180 460 | 380 720

200 5£38 ’ 440 960

220 6 18 495 1250

240 7.0 | 550 1660

260 - 12,08 ' , 1450 Very 4arge strains
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REINFORCED BRICK CANTILEVER COLUMN WITH
l 2 r\"'@"’l » DI j\‘, BARQ

EXPERIMENTAL RESULT

10AD ! DEFLECTION STRAIN IN BRICK { STRAIN IN TENSION
(K3, (Mis) x 1078 STEEL  x 107°

o o0 0 0
100 0.85 - 300 360
180 - 1,8 590 810
285 3.4 760 1160
428 68 1060 1965
520 8e 40 | 1240 2440
6;20 12,8 1280 26v40
700 16480 1360 3420
0 2_1._50 | 1410 3-6"40
760 - 34,00 1320 Very large

(Strain gage strains

chiped off)
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TABLE 643
R, B, PORTAL WITH 6 MM, DIA,BAR

EXPERIMENTAL RESULT

4

LOAD | DEFLECTION 8 STRAIN IN BRICK [STRAIN IN TENSION
(KG,) | (mis) | x 107° STEEL _x 107°
0 0 o 0
104 0.7 170 420
200 17 370 | 00
085 205 570 £00
410 40 4 800 UL
505, 606 1060 1600
616 9,0 1380 2500
680 12,1 1800 3400
800 17,2 2250 4500
806 18.8 2310 5085

816 24,9 2400 6000
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| TABLE 6,4 |
R, C. CANTILEVER WITH 6 MM,DIA, BAR

EXPERIMENTAL RESULT

X

LOAD  { DEFLECTION | STRAIN IN:BEICK § STRALN LN TENSION
{

(KG.) (MMS) X ]_0"'6 STEEL x 1070
0 .0 0 O
20 0s12 45 180
40 0e22 150 435
60 0. 41 200 - 660
80 0459 275 945

100 0,80 350 1260

120 1420 400 . 15%

140 1.59 450 1905

160 2.0 | 480 2145

180 2, 48 500 2400

200 3425 550 2640

220 3,95 650 3255

240 461 750 3510

260 7470 1095 5500
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TABLE 645

Re CJCANTILEVER WITH 12 MM, DIA BAR
. EXPERIMENTAL EESULT |

[0AD | DEFLEGTION | STRAIN IN CONCRETE 8STRAIN IN TiNSION
( KG) (MMS) . x 107 {STEEL x 107°
0 0 0 0
100 0,51 186 242
180 1483 482 - 650
320 D4 42 710 1100
400 3,51 . 820 1425
475 4473 T 1110 1900
620 64 20 1275 2600
710 7,75 1550 3200

785 ) 14410 1210 4320




NOTATIONS

The notations are defined wherever they first appear.

Heré they are listed in alphabetical order for convienience

of reference,

A

m Qo o o

it

gt

Rl

i

Area 6f the Section ,

Covér for steel (Fraction of depth)

Width of the section |

Effective depth of the section

Modulus of Elasticity

étrain in concrete

Strain in compressive steel-

Strain in concrete corrospoﬁding to Maximum stress
Fréquency of vibration

Force of compression

Modulus of rigidity

Acceleration due to gravity
Span of beam

Equivalent height of piers

: MOment of Inertia of the section

Lever amm coefficient

Stiffness of beam

Stiffness of Pler
Length of shear wall
Length of side piers
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Length of window and door opening

Ultimate Moment of resistance of the section

Moduler ratio (Es/Eb)

Distance of Neutral axis from compression edge

(Fraction of 'd')

Percentage of steel

Lateral Load acting on pier
Radius of reinforcing bar

Strain Energy

Weight of column per anms. helght

Weight of the structure
a Seismic coefficient
Stress in compressive steel

Stress in brickwork

Yield stress of tension steel

Stress in tension steel

Maximum stress in concrete

Stress in concrete

Strain in steel

Strain in brick

Angle upto which tension steel has yielded
Deflection of pier

Deflection of pier fixed at top and Bottom

Parameter which relates rotation of bk~am with that

cf volumn,

t
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Ductility in tension steel
Ductility in brick

Ductility in concrete
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