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CHAPTER I

INTRODUGTION
1.1. Considerable knowledge has been gained in the

last three decades about the phendmena of ground motion,
the characteristics of structures and their behaviour in
earthquakes;~ Whenever an earthquake occurs, it indcces
forces in structures due to inertia effect of the mass of
the structure. These forces tend to fear apart the various

parts of the structure.

Since in India, an area of about 6,00,000 Sq.
miles falls under heavy earthquake zone which have been
.subjected to severe’eérthquakes in the past seventy years,
hence a earthquake resistant design of building elements is
needed. The basic philosophy of earthquake resistant
dgsign is that the structure designed for earthquake region

must serve two functions:

(i) For frequent small shocks, they must be
capable of controlling damage to non-struc-

tural elements in the building.

(ii) For severe earthquakes they must have adequ-
ate ductility to accomodate large lateral
deflections whereby the energy given by the

earthaguake can be absorbed.

Thus, to achieve an earthquake resistant design



—2e

of the structure, they should be so designed that all parts
of the structure are tied together and that combined stre-
sses at any point. due to both static and dynamic forces
should not exceed tﬁé'strength of méterial at that point.
Since earthquake loadings are dynamic in nature, it
- becomes necessary .to copnsider the possible effects of rate of
loading on the strengt@ and deformation cagpacity of struct-
ural element, Investigations have revealed that rein-
forced concrete exhibits an increase in strength which is
primarily due to increased yield strength of steel., These
increases can reach 40 percent for intemmediate grade steel
under the fastest laboratory loadings, wiﬁh yielding occur-
ing within 0.005 second of application of load(14)t
But in case of an earthquake, the loads are, however, app-
lied much slowly and increase in yield strength is not
more than” 5 to 10 percent. It is not advised that this
increase be considered directly in desigﬁ, because not
all components of structu}e will yield tdgether, consequ-
ently, it is recommended that static strength of struétur-
al elements be used in design for earthguake loads, an app-

_roaéh that should ke conservative (9).

1.2, - To make a structure.earthquake resistant, it
should be so designed that its energy absorption capacity
should not be more than the energy fed by the ground
motion. ‘This aim can be achieved by allowing the stru-

cture to go in inelastic range In steel we can allow

UB G n ST M CD e WAED SR ER AT TR W e o W T e an T W e

+ HNumbers refers to correspondingly numbered items in the

list of references.
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strains uptb 2.5 percent and in concrete the strains

could be upto 0.3 percent to 0.5 percent and consequen-
tly the energy absorption capacity of the structure can be
iﬁcreased.v But with this, many other factors come into
picture e.g. percentage of steel, cover, stresses in build-
ing materials etc. and these fabtors also impose certain N

restrictions in accomodating these strains,

In India about 65 percent of population live
in villages and build houses in brick masonary with mud,
lime surkhi‘or cement sand morfar. Since economic condi=-
tions do not permit the use of qostly and expensive mat-
'érials, we look forward to reinforced brick masonary. In
‘past few years efforts are going on for strengthening the
buildings in seismic zones. As such the lateral force
which a building can stand is very small. To increase this
some méthods have been tested. These methods consists ef

oroviding horizontal and vertical steel at:(3)

a) lintel band
b) lintel and plinth bands
c) vertical steel at corners only
d) vertical steel ét Jambs only
e) vertical steel at Jambs as well as
at corners.
- f) lintel band in combination with (c),

(d), (e).

In nresent study, a theoretical analysis  of
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brick shear walls with openings is carried out. The
moments §héar_and,axial forces in piers are worked out using
Bent method for various level of lateral loads. Equal
amount of reihforcement is placed on both faces in piers
and, by éarrying out an elagtic analysis stresses in

brick and steel, position of neutral axis etc. are work- °

ed out, : .

Further, these columns are analysed in bending
by taking into account the ductility considerations. Gen-
eralized expressions for the equilibrium equations are
developed for reinforced brick and reinforced concrete
sections. Their ultimate moment of resistance is obtain-
ed in terms of ductility in steel and concrete. In an
effort to achieve the desired ductility in materials and
to verify the developed expressions, some test specimens
of reinforced brick and reinforced concrete are cohstrﬁ-
cted. The experimental results are compared with fhe |

theoretical values for verification of the expressions

developed.
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BRIEF- REVIEW
2.1.  GENERAL-

A brief description of the theoretical and
experimental work done in this direction is given here
'to prepare a backgfound for the ‘work undectaken by the
author at the School of Research and Trainihg in Earth-

quake Engineering.

Ze2a

26241, In year 1952, Portland Cement Association(l)
of America gave an anproximate methed to analyse shear walls
- with openings. According to this méthod, the doors andﬁ
windows divide the wall into piers. These'piers have def-
lections due to bending and shear and for a lateral load P,

it is given by

£ = Tiﬁ—-—- + -——-—GK—-—-— 00(201)
in which € = Horizontal deflection at top of
piers.

= Height of pier.
= - Modulus of Elasticity of pier.

= Modulus of rigidity of pier.

|

= “Equivalent\mbmenf of Inertia «about
centroidal axis.

A = Cross=-secticnal area of pier.
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For brickwork, Poisson's ratio is too small and hence
by taking E = 2G

I nS . 2.4n L
£ = :_E 'I:,z'f + -r—-—jii -.(2;2)

and, the proportion of load sheared by cach pier can be

cal=culated from

M
e

Py = : -
P ..{2,3)

!)—'

5

(@

i

Knowing this, the distribution of shears and mo-
ments in piers and resulting bending ahd,shear stresses can
be computed easily. Beside these stresses, the piers carry
direct stresses due to vertical load and overturning‘effect

“of horizontal forces which must be taken into account.

2.2+2. Agnihotri,V.K.(2), concluded that if the
opening moves upwards, shear in the piers decreases there=-
by increasing the étrength of wall.  If the size and verti- 
cal piacing of opening remains fixed, then for smaller
openings (approx.. upto 40 percent of the height and length
of wall), the stréngth of wall increéses,aé Openingvmoves

towards the centre of wall..

2.2.3. Chandra,B.(5), concluded that an unreih»l
forced brick building can resist'earthquakes having a

fairly high value of the seismic coefficient, if care is
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taken to see that the openings are, as far as possible,

centrally and symet-ricélly placed.

- 2.2,4., The authors(lS)_conclUded that the wall exhibits

its capacity to take more load even after all the piers

crack and this is the reason which enable a designer

to choose a seismic coefficient much lowsr than the actual
force to which a structure is subjected during .an earth-

quake.,

2e2e¢5. Jai Krishna and B.Chandra(3) studied the effect
of reinforcement at various positions on the lateral streng-
th of brick building through model tests. The authors

conclude that: |

1. Horizontal steel alone at lintel level does not
contribute to strength as failure occurs at
plinth level.

2 Vertical steel at corners is very effective and

-

increases the strength of str-ucture consider-

ably. It will delay the inithl cracking and
take much more load before the final collapse.
3. Vertical steel at jambs only doe§’not prevent
the initial failure of the structure.but does
increase the overall resistance of the structure

since corners near jambs are vulnerable to

‘' failure due to diagnol tension.
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4, Combination of horizontal_steél,at lintel level
and vertical steel at corners is still étronger
a combination and of'course, if vertical steel
at jambs is also present, the effect is very

much pronounced.

24246, M.Lal (13) suggested bent method beéause in
Portland Cement Association method, the shear force in piers
is obtainediby pier action and axial force is obtained by
treating the wall as cantilever. These two assumptions are
inconsistent. Morcover, it is assumed that the depth of ri-
gid comﬁon element cohnecting the top of piers, does not
have any influence on the pier action, but effects only the

overturning moment and hence the axial forces in piers.

2.3 After the distribution of forces has beén obtain-
ed, the problem remains of designing R.B.Section subjected

to direct and bending forces.

- Jai Krishna.and B.Chandra(4) énalysed the R.B.
Sections taking into account the ductility of brick and .
steel. If "he resistance of brickwork in tension was as good
as in .compression, the columns would have taken large hori=-
zontal forces without'démage, It, therefore, appears nece-
ssary that 1ts eneray capacity is increased by providing
steel reinforcement on tension faces. Energy absorption
capacity can be increased appreciably by accepting some

damage through yielding of steel and some inelastic
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deformations. Also energy of steel should not exceed the
energy of brickwork because it would have no use when brick

has failed.

A maximum and minimum percentaje of steel was
obtained based on criteria that energy of steel is not more

than energy of brickwork, from the following equations:

N = has l e — . » .0(204)
1 L UL
S T B T .. (2.5)
P = 57 2 - —
st wt j | o
A ¢
- m N {,L +3(M"1)J(_P_)3
R p g
: st
0'0(206)
in which,
p = percentage of steel
9, = stress in brickwork
o~  stress in tensile steel
- p' = ductility in brick work.
g = ductility in tensile steel

3
fl

‘ . E
modular ratio s
Ep
N = Distance of neutral axis from the
extrame compression fibre.
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.

Hence the peréentage of steel should lie in
between these two limits to have a full utilization of

steel and brickwork,

The above work was done for'singly reinforce
sections to begin with., One must consider however that
~in order to have a section which is earthaouake resistant,
it must be reinforced with equal amount of reinfércemeht
on both the faces, as tension can occur on any face in

the event of an earthauake.
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ANALYSIS OF BRICK SHEAR WALLS

WITH OPENINGS

3.1 ANALYSIS:

Fig. 3.1 shows the model chosen for the analysis.
The openings divide the wall into a series of piers Which
will have moment, and force (thrust or tension) and sheaf}
due to vertical and lateral load ( due to wind and earth-
quake force). To analyse these piers, a method similar to
the one used for analysis of bents, has been used, This

is described in the following paragraphs,
THE BENT METHOD:

According to this method, piers are assumed to be
tied together by the upper and lower portions of the wall.
The portion above (éalled spandrel) and below piers is
assumed to be rigid. The lateral force is carried to bott-
“om by shear and moments in piers (Fig. 3.2) and this
action is similar to the attion in a continuous beam. The
spandrel of equivalent bent has much greater flexural

rigidity as tompared to piers.
For analysing a bent, it is convenient to make

use of an equivalent frame concépt in which the bending
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moment diagram for the bent is modified as shown by the
dotted line in Fin. 3.3, VThis modification is made such
that the shearing force produces the same strain energy

for the columns of substitute frame as that for the ofigi—
nal bent. The columns have uniform cross section along
their heights. The strain energy due to flexure in bent

columns is given by

t rh
Y )2 d |
Hy - = M - 2 2
U = 2y a ! + '/ (Hahl Ma) ( % ) dy.
Ny 2 EI ] -~ 2EI ’
..(3.1)
Case 1.,
If the slope at the base of piers is zero
a M
a .
i by
.or, ‘ // LN ’// o
- | (H, oy -y ) (-1) dy j(Ha hy-M,) (£ )2(-1)
®a “G_;’ .2 EI . o 2 EI
Since EI = constant
H. h? H_h, -M h3
(- =2 1 ¥ M hy) - a1l "a ~~ =0
2‘ 3 l h2 3
H. h® H .hy, h
M_ | hl t o ) = 5 + 3



and. hence, M_ = (

Therefore, for the corrosponding column in eonti-

nuous frame, the height h'; is equal to

14-2 b

ht. = 2h = hy ( 3 M )
1 = 2hy =0l >

14 —

3 b,

But

—
+
pt

b—
4
Wil jwin

—
i
—_
-
+

(14 L)1/3 +(3.2a)

If the column at based is not restrained 1i.e,
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e \h‘l . { , ‘h|

[ (Hy)? dy ((th ¢ (Hy) 2
- ¥ .. h Y)dy - _.___Y......._._.. dy
w 2 H ]2 E )T
O 197
Solving it we obtain
3 h
h'3 = h” 1+ =
h (1/3 -

Thus it is seen that conditions of restraints

- of column at base do not effect the equivalent height h'

of the column. From this, horizontal reactions and moments
in the columns of the.bent can be obtained from an equivalent

continuous frame for any degree of restraint at base.

For equilibrium, the following condition must

be satisfied.
P = H + H,+ H ..(3.3)

Now, if a horizontal force is applied at top
of spandral, then all the piers will move by the same
~ amount unless any. crack or failure occurs in the system,
As long as the system is in elastic range, the distribu-
tion of force in each pier will be proportional to their

stiffness ( *%—— ) against deflection. The deflection



is due to bending and shear and ‘so.

T ht3 . 1
t 12EI G {4\
L . '
where G = 0.5 E.
: e - P | n3 28.8 th
. o l2E -—-f + A 00(30.5)
in which,
e = Deflection at top of piers
E = Modulus of elasticity in compression
G = Modulus of rigidity
I = Moment of inertia.

= Cross-sectional area of pier

o S
!

I Equivalent height of piers

Now, the part of load shared by each pier can be

calculated as

-

o} b f

— . P .v.l(3‘.6)
( ) |

M

i
From this equation, Ha' Hb’ I—IC oo etc. in each

pier can be calculated. Then pier having shear Hy will

produce a moment -

Ma = Ha . —'Q—L . : ' o.(3o7)

Besides this, oiers will have axial forces due to

vertical load and overturning momencs. To calculate
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vertical reaction due to overturning moment, the follow-

ing steps are involved. ~

Considering the spandral as a continuous beam,

the applied couples are -

M, = Ma+Ha(h+ha)
MB = Mb + Hb ( h + hb ) o-(308)

Here Ma’ Mb, M. are all -ve but MA , MB and

c

MC are éll + ve.

Hence, the vertical reactions are -

5 1 1
Z2M 4+ = M, - =M
VAl a A 5 B 4 ¢
- (L -1L1L,)
2 l
My + 2 Mg =M .. (3.9)
2(L—Ll)
1 1 5
v ) v MA + 7 MB + = MC
o f 2L o)
2 1

= A : ' 0.(3010)
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4 1 5 5 "
v i " alMa*t gMst aMs . ZMytsMgma M
5 i 1 )
v .
= ( L-L,) FE
2 1 . 1
L g - M)
3(My - M~ ) |
A C |
'VB ? ) | 06(3ell)
(L - Ll) »
And, if the reactions due to dead load be Ry,
3y and Rg, then |
3 A
= W ! _
" =" Ro
" !! (3n 12)
- 5 WA
RB - ‘g N'

Where W consists the weight of top spandral and
a part of slab. Hence, total vertical force on each pier
can be calculated by the algebraic sum of these reactions

’( i.e. due to vertical load and due to overturning moment.)

3.,2. EXAMPLE - A SINGLE ROOM BUILDING

To have an idea about the stress condition, a

single room single storey building is chosen. To simulate
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the forces during an earthquake, the lateral force is

applied in both directions separately.

The building adopted for analysis is shown
in Fig. 3.4. The lateral force is varied from 4 'percent
to 20 pefcent 9 1in increments of 2 percent g. To make
an eléstic analysis of the piers, a computer piogram was

made which is given in theAend of.this thesis.

IS: 4326-1967 recommends 12 mm diameter bar for

1 brick thick walls for single storey building and for

N}

any other thickness of wall, the area of bar should be inc-
reased or decreased accordingly. 1In present case, since
walls are 20 cm thick, hence a 10 mm dia. bar is provided

on each face of pier,

The axial forces, moments and shears due to different
lateral erCes are tabulated in Table 3.1. Table 3,2 gives
moments and vertical reaction including reaction due to
vertical loads of spandral and slab; and when lateral force

is applied-from left hand side.

Calculation of lateral force and reaction due to

vertical load:

il

Wt. of slab 5 x 3.5 x 0.15 x 2400

1

6300 kg.



W,

Nt.

V\{ t -

Wt .

of

Qf

of

of

-2l

front wall = 15 x 3.5 - 1.2 x 1 - 1 x 2,1}x 0.2 x 1900
] | ,

side wall = 3.5 x 3.5 x 0.2 x 1900
- 46% Kgo.
all 4 walls = 20100 Kg.
™ . . i
Ac‘c‘ln. 6300 + EQ_%QQ
= o f
=  Acceleration x 6500
Spandral = 1,4 x 5 x 0.2 x 1900
= 2660 Kg.
part of slab= 2050 Kg.
Total load = 4710 Kag.
By = Re = v
= 883 Ka.
.

H

2944 Kge
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I

Table 3.4 and 3.5 give the stresses in brick
and steel and also thz position of neutral axis in each

case., These are shown graphically'in Figs., 3.6 to 3.1ll.
A study of the above analysis shows that:

1 | Upto a lateral load corrosponding to 8 percent

of acceleration, all the piers are in compression.

2. - Pier B attracts the largest force and gives rise
to worst conditions of stresses when the lateral

load is applied from right hand sides

3. - Stresses in reinforcing steel and brickwork
under worst conditions are well within the per-
missible range of stress even at a lateral 1load

corrosponding to 20 percent g acceleration.

1
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INELASTIC BEHAVIOUR OF  PIERS

4.1, GENERAL

A ‘knowledye of stress strain relationship is
essential for the understanding of the dynamic behaviour

-

structures since it provides a link between the defor-

<

o
mation and externsl forces. In the linear ranée, it is
sufficient to know only the initial slope of thé stress
stréin curve i.e, the modulus of elasticity. However, in
order to understand and describe the response of the stru-
cture beyond the elastic limits, Complete stress - stfain
curve must be known to us. This Chapter describes the beha-
viour of reinforced brick and reinforced concrete piers

which form part of an earthquake resistant building.

4,2, REINFORCED BRICK SECTIONS

In present case, the stress-sﬁrainvfor rein-
forcing steel is assumed to be elasto-plastic (Fig. 4;2),
and for brick, a linear relationship between stress and
strain is adopted (Fig. 4.3). Also in a dynamic case, since
any face can be a tension face, s0 equal amount ef rein-

forcement has to be provided on both faces.

© Fig., 4.1 shows the section chosen for the
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rurpose of study. Equal percentage of reinforcement is

n2laced on each face at a cover tad'.

From the strain diagram, we get

- N - a
dSC “" m Gb N - o'(4'l)
in which,
Oec = Stress in compressive steel
m = Modular ratio Eg
By

S = Stress in brick
“N = Distance of N-axis from compress-

ion edge (fraction of d). -

a = cover of steel (fraction of d)

Also, the distance of neutral axis from the

compression fibre is given by

1
N ) T 1o ee(4.2)
1+ St
m 9,
'in which,
dyst = Yield stress in tehsile steel
U = ~ductility in steel.

Further, equating the force of tension to force
of compression, one obtains-

1 : - ,
5 bNd éb +  pbd dsc = pbd oySt
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Rearranging

.= b .. (4.3
: ‘2(0’ ,-6) ' (4)

yst sC
From this equation it can be seen that the

stress in.compressive steel should always be less than the
stress in tensile steel. In other words, the stress in
compressive steel should not reach upto its yield limit,
Hence from Equation 4.1 it can be argued that the value

of N should not be less than a énd the maximum value of

N  should be such that compressive steel does not reach its

yield value.

Taking momaent about tensile steel, the ultimate

moment of resistance { Mbu) can be worked out as follows:

3 — l Nd ’
( E2) (d-ad) (49
Rearranging
-7d 2 N 2
Mbu =15 b Nd2 (. 1 - 5 ) +mpbd

( 5 - a{} 5y -e(4.5)

From above five equations a section can be
designed for any desired ductility in stesl and for

wavimum stress level in brickwork.
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For illustration certain values of p, a, and

o, are adopted and corresponding values of Too ! N, u

and Mbu are worked out. - The results are tabulated in
Table 4,1, |
The assumed values are:
6, = 61 Kg/cm® ( for 1:3 ratio)
- 5 o3
%ot 2600 Kg/cm?.
m = 125
TABLE 4.1
a D N : o3 Mbu
l.5 " . 0.145 17.3 36,2 bd?
2.0 " 0.1%0 16.6 50,0 bd?
0.15 r " 0.2 11.7 2l.9 bd?
1.5 0.205 - 11.3 31.9 bd?
2.0 " 0.215 10,7 45,2 bd?
002 l " 0026 . . 804 21.0 bdz
1.5 " 0.27 7.9 31.2 bd?

2.0 0. 28 ) 42,6 bd®
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4, 3, REINFORCED CONCRETE SECTIONS

Behaviour of concrete in terms of its stress
strain diagram has been assumed parabolic by a number of
investigators ( 10, 11, 12), It is proposed to use this
‘form of stress - strain relationship in the present étudy
also. The reinforced steel is assumed to exhibit elasto-

plastic stress-strain curve as in earlier case,

The ductility in concrete ' is defined as the
ratio of ultimate strain in concrete to the strain corros=
ponding to maximum stress. Nommally, the strain (%m)
corrosponding to maximum stress level is about 0.2 per-
cent and the ultimate strain ranges from 0.3 percent to 0,5
percent (7). So in concrete ductility varying from 1.5 toA

2.5 can be expected,

A convenient form of the eguation for the stress-

strain curve for concrete could be as foliows: (Fig. 4.5).

2¢, . - - g
= mc
d ..e—....--.._— e - —————-—-mc 62 . .-(406).
cm a?d
cm
in which,
g . : . s -
mc = maximum stress 1n concrete, -
e = strain corresponding to maximum
cm ,

stress.

The distance of the centre of gravity ( 2 )
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of the area from the origin can be worked out using the

following integral expression:
» '
je.o. de

!

B = - ‘ e {4.7) |

e
cu
j‘ cde

G

“using equations{4.6) and (4.7), one obtains

ol
i
=
®
O
3
]
wWin
|
e
=
-~
S
©

‘in which p' denotes the ductility in concrete.

From Fig.(4.4), stress in compressive steel is

¢ = W' E. e, .. (4.9)

From equation (4.9), it is clear that this will
be valid only if the value of N is greater than a. In
other words, the minimum value of N 1is fixed from this

consideration.

Again from Fig. (a.4)

e : .
cu N ‘
""e"';' - m ..(4-10)
or
' em 1
po=ow e (o) . (4.11)
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in which
eys = yield strain in tensile steel

The force of compression in concrete F. <an be

obtained as:

' ~Nd
J ? :

- ! :

F, = ] b‘a (%) dx . «.{4.12)
k)
or
.

FC = bNd I.L' dmC {:l "%"’] 00(4113)

For equilibrium, the force of tension must be

equal to force of compression. So equating them, one obtains

. t
pbd s . = pbd oy + bNd g cmc[l ; g-]
ll(4. 14)
Rearranging,
' Nu' « '
c
s ys D ‘
) .o (4.15)

In this equation, if the stress in compression

steel becomes equal to yield stress, then the contribu-

tion of concrete would be nothing. So, the stress in comp-
ression steel should be such that the concrete is utilized
upto the required ductility. Hence, again from Equation

(4.9), the maximum value of N 1is also fixed. And any



wd 3~

value of N between these limits will keep the stress in
compression steel below the yield limit and will allow the

concrete to reach its desired ductility.

The ultimate moment of resistance Wou)in such cases
‘can be obtained as follows: '

~i

= s obd2 11 - _— -
Mtu dyst ohd l} N + N.K.} + Pps‘ d lN - 2a

N.K.] | .. (4.15)

in which, : o

[ 0.666 - 0.25 u! i
K = {
L

1 -0.333 p!

’

Hence, making use of above equations, a section in
bending can be designed for the reguired ductilities in

concrete and steel,

444, ILLUSTRATION

To illustrate the method certain values of p, a and

sc ? PCS

L' are adopted and corrosponding values of u, N, ¢
and M, are worked out for two different grades, These
values are tabulated in table 4,3 and 4.4, Table- 4.2
jives the maximum and minimum values of N in temms of

" cover for different ductilities in concrete.
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[he values adopted are:

7

Sc = 150 ( for M 150 Grade)

G = 290 Kg/em? ( for M 2% Grade)
= 2. .

Syst 2600 Kg/cm

€ | = 0.2 percent

E = 2.1 x 10° Kg/cm?.

s
TABLE 4,2

‘ w! B Npin Nnax.

1.0 : o a 2,632

1,2 3 2.1 a
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TABLE 4.3
GRADE: M150
P
a = 0,10 '
D w! N i) Iee F X bd Mcé bd? .
(Kwhﬁ) (K9 ) (kg.cm)
1% 1.0 0.14 9.9 1200 1200 24,10
| 1.2 0.131 12.8 1190 ~  11.9 24.20
.5 0.123 17.2 1170 1.7 24.30
154 1.0 0.1% 8.6 1540 23,10 35.70
1.2 - 0.146 11.3 1590 23.80 35,80
1.5 0,133 15,5 1560 23,40 35,90
2% 1.0 0.172 7.7 1760 - 35.2 47.34
1.2 0.15 10.4 '1810 36.2 47, 26
1.5 0.140 14.8 1820 : 36,25 47,50

contd/...




Table -4.3(contd,)

—p B

a = 0.15

1 : = ~Ad 2
) N u . % }Csxbd Mcu>§bd
(Kg/em®) (ko) (kg.cm)
1% 1.0 0.184 7,15 775 7.75 23,55
1.2 0.175  9.10 720 7.20 23.60
L5  0.169 11.9 708 7.08 23.65
1.5%4 1.0 0.21  56.05 1200 18,0 34,60
1.2 0.197 17.85 1200 18,00 34.70
1.5 = 0.185 10.60 1190 17.80 34.80
2 1.0 0.23  %5.40 1460 29.20 45.56
1.2 0.213. 7.15 1490 2.8 45,70
1.5 0.197 9.80 1500 30.0 45.80
a = 0.20 o
1% 1,0 0:.22  5.70 382 3.82 23.36
1.2 0.213 7,10 308 3.08 23,45
1.5 £ a -. not acceptable. -
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" TABLE 4.3(Contd)

p ut N T I F¥bd M, Xbd?
(Kg/cm?) (Kg) (Kg/cm)
1.5% 1.0  0.2% 4,74 893 13,40 33.80
1.2 0.242  6.05 875  13.10 33:90
1.5 0.230 8.0 820 12.40 34.0
1.2 0.262  5.45 1190 23.80 44. 40

1.5 0.246 7,40 1180 23460 44,55
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1.5

TABLE 4.4
GRADE: M250
a = 0,10
0 ' N oo o x bd M_ xbd?
(K§Fem?) ~ ©F o
(Kg) (Kg. cm)
1.0% 1 0.117 12.5 640 6. 40 24,45
1.2 0.113  15.2 580 5,80 24,50
1.5 0.109 19.8 515 5,15 04,52
1.5 1 0.135  10.6 1090 16.35 36.0
1,2 0.127  13.3 1070 16.0 36.2
1.5  0.120 17.7 1050 15,75 36.4
2.0% 1 0.1%0 9.1 1440 28,80 47,6
1.2  0.138 12.1 1390 27.80 48.0
1.5 0.128 16.4 1270 27. 40 48, 10
2.5% 1 0.158 8.6 1540 3845 59, 50
1.2 0.146 11.3 1590 39,8 59,60
0.133  15.5 1560 39,0 59.70

contd/-
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Table 4.4 (Contd.)

a=0.15
p ! N u Sec chxbd Mcuxbd2
(Kg/cm?) (Kq) (Kgs cm)
1% 1 a -~ not accepteble
1.5% 1 0.176 7.5 620 . 9.30 35. 40
1.2  0.169 9. 45 566 8450 35,60
1,5 0.164 12,30 537 5,05 35,70
a = 0. 15
2% 1 '0.195 6.6 970 19.40 46, 60
1.2 0.184  8.55 930 18,60 46,70
1.5  0.176  11.30 920 18. 40 46.80
1.2 0.197 7.85 1200 30.0 57,75
1.5  0.18% 10.60 ° 1190 29.8 57.90
a = 0,20
14 1 / a - not acceptable -
L5 1 4 a - not acceptable -

-
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Table 4.4 (Contd.)

. - : 2
o) Lt N 1) e PCbed Mcuxbd
(Kg/cm?) (Kg.) (Kg.om)
2% 1 0.236 5,20 6 40 - 12.80 46, 40
1.2 0.226 - 6,50 " 580 11.60 46. 60
1.5  0.219  9.15 545 10.90 46,75
2.5% 1  0.25%4 " 4.70 894 21.10 56, 70
1.2 0.237 5,20 788 19.70 57.0
1.5 0.225 8.3 700 17.%0 57,30

Fig. 4.6 and 4.7 show the variation in steel
ductility with cover. Fig. 4.8 to 4.23 show the variation
of steel ductility and N -_axis with concrete ductility. and

variation of moment of resistance with ductility in steel.

A study of these curves reveals that the ductility
in tensile steel decreases with the increase in cover.

Secondly, there is decrease in moment of resistance with the
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: o
increase in cover. However, it is seen that by increas-

ing the ductility in concreﬁe, the ductility in steel

increases..

These curies will be found useful in designing R.C.-
sections, With the.heip of these curves, for the desired duc—’
tility in steel and concrete, the value of N, p, cover a

-

and M, can be directly obtained.
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EXPERIMENTAL _STUDY

5.1 Very little information is available about the
actual performance of R.B. and R.C. sections when certain
ductility is allowed in both féinfbrcing steel and concrete

or brick. It, therefore, becomes necessary to study exp-

erimental behaviour and compare the results with the theo-
retical values., With this objective, models were construc-

ted and experiments were perfommed.

5,2, . DESCRIPTION OF MODELS

The concrete columns ( 10 cm x 18 cm) were made
in two different grades i.e. M 150 and M 250 giving cement,”
sand; aggregate proportion as 1:2:4 and 1:1:2 respectively.
For reinfbrcement, 16 mm dia. mild steel bar was placed at
a cover of 0;15 d: To fix thé column at base, a basé plate
-of 30 ecm x 30 cm x 1.2 cm was used. The reinforciné bars
were welded to this plate and to make a bond between plate
and concrete, some steal hooks were also wzslded to plate in

a staggered fashion. At base, a cut was left in column to,

expose the tension reinforcement to fix the strain- gauge.
The companion Specimens were also prepared while casting

the cclumns to obtain the basic properties of mortar.

The bricks used for brick c¢columns were of nominal
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Fig 503
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size 3" x 1.5" x 1" and the mortar used had proportion of
cement sand as 1:3 by weight. In these columns 12 mm dia.

mild steel bar was used 3s reinforcing steel at a cover of

042 d; The size of column was 10 cm x 12.5 cm.keeping in

view the size of brick. The fixing arrangement ©f column to bag~
platéig similar to concrete columnIhe water cementvratio was

kept constant and same mason was employed to construct all
models in order to minimise the variation in workmanshop. The

models were cured for 28 days.

After curing two strain gages (Type : CA-10,
Gauge factor = 2.06) were fixed on each column i.e. one on
tension steel and other on concrete or brick in compression

(Fig. 5.3)

5,3, . TESTING APPARATUS

The load on the column was aoulied with the
halp of a chain pulley block system. The loading system
was hung on & frame as shown in Fig.(5.2). The load was

‘measured with the help of a proving ring.

A long arm dial-gauge was fixed on a refrence
frame to measure the deflection at the top of the column
for the applied lateral load. The dial gauge was having a

least want bf 0.01 mm,

The strains in concrete or brick and tensile

stecl were measured with the help of a strayin indicator,
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multi-channel switch and a transformer, (Fig. 5.1 and 5.2).
5.4 - EXPERIMENTAL RESULTS

The companion specimens of M1~0 and M250 grade

exhibited the following oroperties:

M150 : ¢ = 180 Kg/cm?2

mc’

€ = 0.3 percent
M . = ‘ 2
Ag%p : o e 230 Kg/cm

e = 0.3 percent.

cm

~
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TABLE 5.1
CONCRETE COLUMN (M j_ 50)
COLUMN 1
L Load (Kg) Stréiiei:tzgg' Deflection
zziiigtzn Experi- Theore- Experi- Theor- top in
mental tical. mertal itical m.m.
0 0 0 0 0 0
.00013 140 . 118 .00C24 .000195 2.3
.00043 250 370 00077 .000645 4. 21
.00075 370 607 L0015 .00105 | 7.85
.00109 480 712 .00228 .00244 11.88
.00149 570 720 .00320 .00488 15.5
.00188 640 726 00671 «00700  19.85 .
. 00229 680 ‘733 .0082 .010L 27.80
.00263 700 740 0117 .0124 40.50
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TABLE 5.2
(M 150 ) COLUMN II
o Load (Kg) Strain in ten- Deflectio
igizigtzn , i sile steel of top
- Experi- Theore- - Experi- Theori- in
mental “tical mental tical m.m.

0 ¢ 0 0 0 0
.00012 140 109 .00022  .00018 1.8
.00021 250 - 188 .00040  .0VO315 3.70
.00051 370 430 .00090  .000765 5. 50
. 00086 480 05 .00160 .00133 8,92
.00101 570 708 .00239  .00204 12.20
00125 640 715 0035 ,00332 . 15.70

.00156 - 680 721 .00%65  .00518 20.0

.00190 700 730 ..00748  .00710 25.20
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TABLE 5.3

(M250) COLUMN I
ctrsin in LOAD (Kg) - Straigiig 252;1 Deflection
concrete Experi- Theori- Experi- Theori- at, top
mental  tical mental tical in m.m.
0 0 0 0 0 0
.00019 150 206 .00025 . 200285 | 2.2
.00032 300 340  -.00048 . 00048 4,10
.00050 450 520 .00098 00075 7.30
.00071 500 750 .00130-  .00123 8.70
- .00108 550 758 .00279 . 00319 11.90
00146 = 600 769 .00%40  .00588 15.20
,00197 650 780 .00721 00910 19.30
00242 700 790  ,0085%  .0119 22.20
. 00263 725 794 .00983 .0128 - 27.70

. 00270 750 797  ,0126 ,0139 - 32,%0
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TABLE. 5.4

BRICK COLUMN (1:3) I

Strain in ten-

e Load (Kg). Deflection
Straln in ~sile steel of top
Brick Experi- Theori- Experi- Theori- in m.m
mental tical mental tical ore

0 0 0 0 0 o
.00025 100 67,2 .00034  ,000231 2.78
.00057 200 153 .00080  .000526 6.04
.00920 300 048 .00130  .00085 9.66
.001320 . 3%0 344 .00187  .00133 14. 46
.001940 400 380 .00292  .00345 20.11

TABLE 5.5
BRICK COLUMN (1:3) II

0 0 0 o 0 0
.00023 100 61.8 .00029 .000212 2,20
.00051 200 137 .000725 ,00047 5. 20
.00088 300 236 .00120  ,000813 8.0
.0C130 350 350 00163  .00120 13.00
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DISCUSSION OF RESULTS

Figs. 5.4 to 5.9 show the variation of strain

in various materials (concrete, brick and "tensile steel)

with respect to applied lateral load. Figs., 5.10 and 5.11

show load vs deflection at top of columns,

It may be obseived from Figs., 5.4 to 5.7 that

all experimental curves lie below the theorstical curves.

However, in case of brick columns (Figs. 5.8 and 5.9),

they are above the theoretical curves. This discrepency in,

results may be attributed to the following reasons:

1.

2.

The value of yield stress and yield strain of
reinforcing steel may not be 2600 Kg/cm® and
0.124 percent respectively, as has been ;ssumed
in obtaining the theoretical curves.

The strain gauges fixed may not be exactly verti- |
cal because a slight inclination of gauges would |

show strains less than the actual strains.

The gauge factor of strain gauges may be somewhat
different than the value given by the manu-

facturer,

The proving ring registers a lower load than the

actual because of some part of load is lost when

the clips get loosened.
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Perfect fixity of column bases can not be
achieved in practice. Any deformations, how-
ever small they may be, would reduce the

stiffness of the column brinying down the _

load deflection curve,
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CONCLUSIONS

On the basis of results obtained from the theore-
tical and experimental investigation, reported in earlier

chapters, the results'can be summarized as follows:

1. A brick building does not develop any tension
upto a lateral load corrosponding to 8 percent g
~acceleration and all its piers remain in compre-
ssion, This is in agreement with the provisions
of IS: 4326-1967, Code of practice for earthquake

resistant construction of‘buildings.

2.  The central pier B of the building chosen for -
study (See Chapter 3) attracts the largest force
and gives rise to worst conditicn of stresses when the -

the lateral load is applied from right hand side,

3. Stresses in reinforcing steel and brick work under
worst conditicns are well within the permissible
range of stress even at a lateral load corrospond-

ing to 20 percent g acceleration.

4, For withstanding higher forces, use of energy

absorption capacity of the-structure can be made.



R S

By increasing the cover in a reinforced brick or

reinforced concrete séction, the ductility in fensile
steel can be decreased if required, However this
will have to be done at the cost of some reduction

in ultimate moment of resistance of the section.,

A slight increase in ductility in concrete increases

the steel ductility appreciably.
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COMPUTER PROGRAM
. 369 3 36 363 3 96 6 98 3 96 A K K K¢
NOTATICONS USED-
AM=  MODULAR RATIOC
DT=DEPTH OF SECTION(EFFECTIVE)
T=WIDTH OF SECTION
ST=AREA OF TENSILE STEEL
SC=AREA OF COMP, STEEL
Y= COVER
TM=MOMENT
VR=AXIAL FORCE
E= ECENTRICITY -
AN= NoAo ‘ . -
SB=STESS IN BRICK
SS=STESS IN TENSILE STEEL
REINFORCED BRICK PROJECT (PIER ANALYSIS ) VINEET 24305
DIMENSION DT(30)sT{30)sST(30)sSC{30)sY(30)sHT(30)sP(30)sAR(30)
DIMENSION TM(30)sVR(30),E(30)
READII sNsAM
FORMAT (I135F10.0)
AMM=AM=1o ..
READBLs{DT(I)sT(I)oST(I)sSC{I)oY(I)sI=1sN)
FORMAT({5F10.3)
D062I=1sN
DP=DT({1)
TH=T{(1) .
YZ=DP%:5=Y (1) ‘ i
YS=YZ*YZ
TS=ST{I)M+SCHT)
AR(TI)=DP*¥TH+AMM*TS . ]
TI=TH®DPXDP%DP /12, +AMM*TSWY% \
P(I)=TI
READT70 KK
FORMAT (12)
K=1 :
READ649(TM(I)9VR(I)9I lak)
FORMAT(2F1064)
DO6BI=1sN -
ECI)=TM(I)/VR(ID)
QR=VR(I) | ‘
VRA=ABSF (QR)
EE=ABSF(E(I))
BB=T(1)
AA=Y(T)
DD=DT(I)=AA
YY=0Q,5%(DD~AA)
AC=SC(1)
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121

122

22
66

AT=STI(I)

IF(QRY20C 419519

Q:—lo

EK=2o%P(1)/ (AR(I)*DD)
IF(EE~EK)81981+9121
ZA=AM*VRA/AR(I) |
LI=AM¥VRAXEEX*YY/P(I)
SB=ZA+Z1

S5S=ZA=21

AN=1¢

GOT0122

Q=1,

IF(EE~-YY)82:82,121
SB=VRA# (YY-EE)*0.5/(AC*YY)
SS=VRA* (YY+EE)*05/ (AT*YY)
AN=1-e

G0T0122

BDS=BB*#DD*DD*0.5
BDC=BDS*DD

QEY=Q* (EE-Q*YY)
QX=QEY*AM*AT*DD
CT=(AM=1, ) ¥ACH (DD+QEY~AA)
A=—BDC*0,:333333

B=BDS* (DD+QEY)
C=DDxCT+QX

D=—CT*xAA=QX

AN=0¢5

SQ=AN¥AN

CU=AN*®5Q
U=A*CU+B*SQ+C*AN+D

£=3 o ¥ARSQ+ 2o ¥B¥AN+C
AY=AN-U/Z
IF(ABSF{AY=AN)=601)19152
AN=AY

GOTO3

DN=AN*DD

ANN=(1.—AN) /AN

-80...

DE=AT*AM*ANN=BB*DN#*0c 5~ (ANM~L ) *¥ACKk (DN-AA) /DN

SB=Q#*VRA/DE
SS=ANN*AM*SB

PUNCH22s TM(T)sVR(I)eE(I)9ANsSB9SS

FORMAT (6E11.3)
CONTINUE

K=K+1

IF(K=-KK) 633635100
END

|jo670)

. eal LIBRARY UNIVERSITY OF b 1,
it
ﬁQORk(\.r.L...
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: NOTATIONS:

e wmn - — o— —

The notations are defined wherever they first

appear. Here they are collected in alphabetical order fdr{

convenience of reference:

a

b

Cover of Steel (Fraction of Denth) .
Width of Section
Effective depth

Strain

Strain corrosponding to max. suress.
Modulus of elasticity.

Force -of compression in concrete.
Modulus of rigidity.

Height of shear wall.

Height of panel or depth of bent spandrel.

~ Equivalent ht., of bent column.

Horizontal force shared by each column.

Moment of Inertia
Length of Shear Wall,

Depth of side piers.
Width of opening. °

Overturning moment
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=

bu

cu

< C ©v = =

~<

sC

mc

dyst

u!

i
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Moment in column.

Modular ratio

Ultimate moment of resistance in brick.

Ultimate moment of resistance in concrete

Distance of N,\. compression edy2 (fraction of d).

percentage of steel

Strain energy due to flexural
Vertical reaction in columns of bent
deflection

Horizontal deflection at joint i.
Stress in compression steel

Max. compressive stress in concrete
Yield stress in tensile steel.
ductility in tensile stee!

ductility in concrete.
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