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The design seismic coefficients pxbvidsd for In 
the code,  are quit* ss-all. Because of this,,fro;usnt upgrading 

of seismic zones becomes necessary as and when major earth• 
qua kesoccuy! In the present study, it Is shown that buildings 

have sufficient builtain seismic safety, so that such upgred• 
Mg of sei,mic one may not be viewed with a great eoncc . 
Such upgrading only helps the construction of new buildings 
on a sore rational bail s in Such areas. 

Th the presort study, muitlstoray reinforced cone 
crate framed buildings are first analysed and designed by 
working stress method without consideration of wzthquake 
forces and the design govnned by vertical load* only. A 
check is than ads to determine as to how much earthquake 
force the buildings can safely bar under the following cons, 

ditions t 

1. Material street just reachfng yield point 

2. Structure going in the Inelastic range 
3, By ultimate load Malys is. 

A comparison is grade for the above three cases. 
A critical review of Lg 189 s 1.970 code provisions as for as 
buildings are concerned is also given, 
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According to 15 1$S 198222. Bombay and the 

whole Decan plateau area was classi c ed as zone sexo with 
seismic coefficient of value ze . Ca December 11, 1967 
a strong sarthquiks4  with a magMitude of 6. 5, occurad at 

*4.21 1sT with its qpicrntrt very aloe* to the Koyna 

Hydroelectric pzojact in the Aahershtrs state, There 

was then the realization that the stable area of D*c*a' 
plateau was aisosusceptible to earthquake, This necessitated 
seismic upgrading of this area.  zn the revised code of 

IS 18931 197($3, eons► was placed In Zone III with s 

C 
	 seismic coeffici. t of 404. Due to this, buildings 

which had not been designed for earthquake forces ire 
now supposed to withstand the earthquake forces corresponding 
to this seiaic coefficient, 

bst of the reinforced concrete buildings In 
the affected tone withstood the Koyne snrthquake though 
they were not designed for Its This is important from the 
point of vin of building design, It is quits possible 

that the structural design method adopted provides for 
a certain margin of safety of—sa"#" in such structures  

Also by permitting certain amount of Inelastic deformations 
the structure can withstand ratb,vsenere earthquake 

forces 
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The present thesis examines the following aspects 

of earthquake resistance in buildingse 

i. Safety of buildings if seismic coefficients are 

upgraded. 

2. Iximum earthgm ke force the buildings can safely 
withstand, 

3 Height of multistorey buildings upto which the 
earthquake force does not g,vein the design as per 
present IS Code, 

lh ailtiftorey buildings, the dfsignl2  to g vem!d by 
one of the fbilowing combination of forces: 

1. Vertical loads 
2. Vertical loads + wind loads 

3. Vertical. loads + lartirluake loads, 

Wind and earthquake forces being occasional In natun, 
an increase of 33 + % In working stresses is allowed when 
design is g,vezned by one of these Furthen when the Garth• 

quake force is g.,vexningo  some reduction In live loads is also 
allowed► 

Analysis for wind loads  has not bM dolt with in the 

present study. as the parameter for wind loads is the exposed 
area of the building whereas for earthquake forces, it is 
mass and stiffness distribution#  and hence no common ground 
for comparison Can be specifies Also wind force is not 



3.  

not considered to act when sarthivake is gDverning 
because, there is 1ittle possibility of earthqu*k* 
accompanied by high wtndw 

The preset thesis deals mainly with the s't dy 
of multistorey reinforced concrete fzsssd buildings. 
Analysis and design is illustrated by the case study of 
a sever►.storeyed building as given in Appdtdix w4 Buildings 
of i, 4, 7; 10 15 and 20 stardys are designed by waking 
stress method•  without consideration of earthquhke forces 
and the design gzvsmed by vertical loads only. A 
check is this made to determd+te as to how much earthquake 
force the building can safely bear under the following 

conditions. 

1. Without suetoining any damage and 

2. With m,demte damage but without total 

collapse,. 

These aspects are studied by allowing the stress 

to rise upto yield stress in the first case and by allowing 
the structure to gq Into the inelastic range in the second 
The relationship between the increase in material stresses and 
the seismic coefficient has been determined. 

Seismic coefficient method for computing earthquake 
forces has bean used in the present stydy. The preach  
earthquake code has given this method for buildings not 
exceeding 40 a In height. For buildings greater then 
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40 m In height and upto 90 m , modal analysis is 

recoanetded. However, as an alternative seismic coeff'i-

aient method has also been permitted for zone I to tons N. 

Hanes the adoption of seismic coefficient method for 

buildings upto 20 storeys, in this study is justifiedc 

The following are the limitations of the present 

study : 

(1) Effect of torsion is not considered. 

(ii) Effect of simultaneous occurance of earttluake 

force along both axes has not been considered. 

(iii) The horizontal relative displacement due to 

earttqufke forces 'between t,* successive floors 

has not bar invests•ated. This m3y result in 

P-t effect. 

(iv ) The nonstructural damage due to eerthquske 

has not been considered. Though the building 

may withstand a severe earttAuake but the cost 

of repairs sometimes are very heavy. 

(v) The effect of change in aspect ratio of 

building has not bean considered► 

For fracas designed either for vertical loads 

( or vertical loads + earthquake forces with allowable 

334% 3 increase in stresses ) • the seismic coefficients 

withstood are computed for the following conditions, 

(1) Abterial stresses just reaching yield point. 

4. 



(2) Stricture going In the Inelastic range. 

The concept of reduction factor is used. 

(3) By ultimate load analysis„ 

A comparison Is made for the above three 

cases. A critical review of the Is 4693 z 1970 code 

provisions as far as buildings are concerned is also 

given. 

In the present study, it has been established 

that very high seismic coefficients can be withstood by 

buildings In the yield$, inelastic and ultinnte stage 

respectively, Compared to these, the design seismic 

coefficients given In the code are very shall. However, 

as and when a major earttqusko occurs, upgrading of zones 

becomes necessary. Zt is shbvn that building have suffi-

cient built•in seismic safety, so that such upgrading of 

zones try not be viend 4th a great concern. HDwwer. 

such upgrading does help the construction of new buildings 

on a more rational basis. 
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The object of this chapter is to compute 

the seismic coefficient (s. C.) withstood by the 

building which is designed only for vertiilcal loads, 

for the following condition,. 

CASE 1  t 'When an increase of 33 % in working stresses 

to allowed. 

CASE 	Then the material stresses just reach the 

yield point. 

Seismic saftity of the building has been investl-

gated by lateral load analysis with seismic coefficient 

method. 

Ear static analysis, live loads have been taken 

as per IS 456 s 1968 and for taterel load analysis, 

live loads as per IS 1893 t 1970 have been taken. 

The details of the building chosen for this 

study, are given In hppendix I. Kani's method has baw' 

used here for lateral load analyois. The procedure 

adopted for computing storey cvttelts and stiffnesses 

In as follows. 

By lumping the masses at floor levels, the 

total vertical load at roof level works out as 884 tonnes 

and the total vertical load at typical floor level 



works out as 891 tonnes, for the building under condidera-

tion. 

Referring to pars 42 of B 1993:1970, the base 

shear is given by 

Va tR to (h . P.W 	 r*• 2.1 

Where c a flexibility co•fftcisnt, 

'C h a seismic coefficient of the particular zone, 

P • soil foundation factor* and 

I * total' load on which seismic force is tD be 

co mitt e4 

Also the distribution of forces along height is 

given by 

W h s 
q~ * yR x 	—.- 	 b.. 2.2 

1 

Where Q1 • latent forces at roof or floor i, 

YR a the be se shear as narked out in 2.1 

Wi a the weight considered to be acting at the 

,wel of the roof or floor i, 

h1. h4ght of the roof or floor f above the 

base of the !wilding, and 

n . number of storeys including the basement 

floors„ 



Q forces (t) computed at various floor levels 
for the seven storeyed building under considesetion, are 
given in the table below for seismic coefficient of 0.01. 

Floor No. 7 6 5 	4 	3.2 1 
Q(t) 12.1 8&9 6,3 	40 	2.3 	1.0 42 

The saathqunke force is assumed to be acting along 
one of the principal axis of the building at a time when the 

structure Is designed for the 'harisontal seismic force only. 
H nce the forces computed above will act upon the entire 
building either in 

(1) transverse direction or in 
(ii) longitudinal direction. 

These forces along any particular direction 
(transverse or longitudinal) are resisted by all the frames 
along that directiork 

The Q forces at any storey level are distributed 
to various frames In proportion to their stiffnesses in 
that direction. 

The stiffness of a frame at any storey level is 
taken equal to the sum of the co lunn stiffi ass ss In that 

storey and the distribution of Q forces to various frames 
is made accordingly. 
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Stovey tact is computed as Vh  . ho where 

Vh a shear in the stony and 
h . height offie stony measured from top 

Analysts  is completed by computing the flootwise 
storey o,tsnts and stiffnesses. Kani's method . has been 

used hers for computations 

.lisp  
For the beam,  only under-reinforced section is 

taken to that the steel stress risers fmm 1400 to 1667 
kq/caaa.. Columns are designed such that the reinforcement 

is sylrtrical. For the colthrn, the stress In concrete 
is the governing factor initially be,cuse the vertical 
loads govem the design at this stage, Bending stresses in 
colum concrete are allowed to rise from 50, 70 and 83 
Kg/cm' to 66.7, 933 and 113, 3 Kg/cm' respectively,. for 
M50, ?QCO and 11290 concrete► For the beam, and a 
straight livws lgwrt is taken for the increase In stress 

against resisting enment developed. 

The computations of sairi is In the bow anti 
hart and the direct load on the column are illustrated 

for a seven storey building In Appendix 4 similar 

computations are repeated for single, four, tin, fifteen 
and twenty story buildings, keeping plan dimensions and the 
storey height earns The results obtained for the critical 



frase,for the balm and column are given in Table 2.1 
and 2.2 respectively. The key points As C, 8 era the 
sxtemnal, centre and intdrnal points respectively for 

the critical trams 

The above as well as all subsequent sets of 
calculations have been repeated (1) for ten percent 
reduced relative stiffness of coluans and (2) for ton 
percent reduced relative stiffness of bit; in order to 
see their effects on the results obtaifed. A taro to five 
percent variation In results were observed, The variation 

►--enent in the relative stiffness which is assumed 
as tan percent Is reasonable because that is a difference 
which neap occur due to differences An designs adppted, 

Then the stress in steel In the beam is allowed 
to rise upto yield stress, s bilinear pattern of Increase 
in stress VS seismic caefficient-*ithflood ig obtained. 

Again, either the beam or the column governs the design. 
For the colunn, the corresponding stresses in concrete 
are taken as 9%, 125 and I5g K9/cn5 respectively for $4I, 
$000 and AR50 concrete. For the seismic coefficient 
found arlier, the corresponding seismic coefficit t for 
Increased stress is found out and the bilinear Jew is Qa.r~ 
•stsbflshet ob+aJ'nnJ. 
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TABLE 2. $ 

No. of is 
Sto revil .. 

S.C. at Yield 

1 0.165 42515 4344 0.32 

4 4038 40725 0.093 0.175 

7 0.035 406 4 468 412 

10 4026 Q 045 405 4095 

15 0.025 C©43 40497 0.095 

20 4 022 ALL 04 40435 Q, C* 

Prom the computations slot In table 2.3 	and 

from figuras 2.1 to 2.4, it is sera that, 

1) For framed buildings in A. QC* upto 20 storays, 

earthquake force does not gavam the design for 

Zone z and zone 11 

ti) Earthquake force does not +gov5V1 the design, 
upto six storeys in tons III, upto five storeys 

In song XV and upto throe storeys in tone V 
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iii) Design of buildings upto three, storsys is hot 

gDvsmsd by earthquake forces#  anywhere In 

ihdis 

iv) Earthquake, of following spisrdo Coefficient value, 
is withstood by the building wlthaut damage is., 
with the building remaining elastic, 

TABLE 2.4 

 

No.of storey  EQ of S. C` Value withstood 

 

20 os more  0.04 

9 to 19  0105 

7 S 8  0,06 

6  407 

5 or lose  0.08 or Mors 



-21. 

£CISZLIA "AL. 

In this chapter, ea4mum earthquake force which 
the buildings can withstand with some damage but without 
total Collsps% is Investigated using results of lnelat. 
tic response analysis. Computations for exact non-linear 
analysis being too tedious, the concept of redaction 
factor5'6'8  is used hers Since linear systems are 
easily analysed, a relationship is established between 
linear and noneiinear systems so that a non-linear 
system can be appxoxianted by an equivalent linear 
system for the purposes of analysis and design. The 
Mgthod adopted here is to use a reduction factor by 
which an earthquake data should be toned down so that 
a linear analysis with the modified data indicates a 
seismic lateral load coefficient which corresponds to 
that of yield point of the nonlinear systemThis apes 
the design of a non«linear system  capable of certain 
ductility can be based on the knowledge of an equivalent 
system which Is linearly analysed for the toned down 

earthquake the factor by which the force in linear 
structure must be reduced to obtain the force In the 
non*linser structure, is defined as 'Reduction Factor'. 
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Fort the type of structure and loading ehtsan for this 
study and for the Koyna oartnquAkm•  an average value 
of reduction factor is taken as 2. 

Thus the stress In steel in beam is taken as 
0200 Kg/cm' assuming a 11near sttucturs for the column 
the corresponding stresses an concrete are taken as 
190, 250 and 310 kg/cm' respectively for *5C 1.2(1) 

and 1Q50 concrsts, The actual stross In the sterial, 
In the associated non»linear structure will bo much less 
than the above values, 

TABLE 2,1 

B.C.. Resisted in Inelastic Range 

No,j of Stony S 	Beam 	tb lcnn 

1 1.01 1,03 
4 026 0.42 

7 0419 0.34 
10 414 0,26 
is 0,14 0.25 
20 	 412 	 0.22 

The graphs are plotted In fig 31 and fig 3.2 
Fri the computations •hewn in Table 31 and from 
figures 3.1 and 3.2. it is seen that: 
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Buildings are safe fora major earthquake of 

seismic coefficient value given below, which may occur 
only once in the lifetime of the stricture, The build-

ing enters the Nnalastic rang. hence there is some 

damage but total collapse dyes not take plan*. 

TABLE 32 

No. of stony s 	S• C, withstood 

15*20 	 412 

10+15 	 0.14 

7-10 	 411 

4.7 	 0,19 

1.4 	 426 
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It is possibie to estimate the ultimate lateral 
load at various abrey levels fora building initially 
designed for vertical load and say lateral load which is 
within that which causes a 33 " % increase in allowable 
stresses, 

Tho ultimate load then 6  as applicable 6 9. C. C. 
frames is $till In a developing stage. The .wain hurdle is 
that while in a steel beam or column  the plastic hinge 

has a large capacity of natation, it is not so far R. G C1 

beam or column, where-In the plostic hinges have limited 

capacity for setatfon. Further, in case of P. C, C,'the 
first formed hinges'atate mare whin further hinging takes 
Place and the first hinge may fail even when other hinges 
are still taking rotatlon. The exact method of analysis 
under the circumstances, is essentially a pzoceduro of 
trial and en *requiring an accurate * diagram of 
R.C.C. sections. Thu$, *van for a frame of mderate si*e, 
staggering number of computations are required, 

Perhaps because of this, IS 456 t 1964 dies not 
cover the methods of determining the collapse mechanism 

0 
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of an indeteainats structure for diffaf►t conditional 
of ultimate loads and for the given properties of the structure 
and its asters. Therefore the present praetice16  is to 
find the forces in members by the elastic th cry, apply load 
factors to find ultimate forces and the to design the 
reinforced eonerste soction by ultimate load the=y. A 
structure designed by this method is likely to give lesser 
value of seismic coefficient resisted than what was obtained 
by the reduction factor method► However to expound the 
utility of ultimate load thszy for computing the Seismic 
coefficients withstood at collapse, steal frames are analy- 
sed !A this chapter by "the method of combining mechanisms". 

Pox the computations shown in table A.1, member 
sections, dimensions and loadings are taken as calculated 
In Appendix 1 for steal sections. 

The seismic coefficients are as given in table 4.1 
for an increase of 	33 1 % in allowable stress at yield 
stress and in the inelastic range respectively for steel 
f tan as, 

Statical checks have been applied fog all the 
mechanisms found below and those have been found to give 
safe and statically admissible 8.140  diagrams. In the 
Computations done below the total wnifoxmly distributed 
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=ABLE 4.1 

No. of 
Sto rays 

1 0.165  0.167 0.344 0.345 1.01 0.96 

2 412 0.105 0.25  0, 23 0.73 0.63 

3 009 0.085 417 0.173 0.45 0.48 

4 0,058 4Q75 0.09 4155 0.26 444 

7 0.035 0.065 tL 01 4145 419 0.40 

load coming on the beam affects the value of P # whereas the 
total lumped ass at the storey level seams not to affect the 
value of P. Ibwever• 0s the total lumped as at the stbrry 
level controls the ~tp value of ro lums► it Indirectly effects 
the value of P. Hence the seismic coefficient is g vwmsd by 
both,vis.the load coming on the beam as well as the luMW mass 

at the storey level. 

Singe Stan $ When the lateral load canes, sway occurs and 
the portal w*uld fail in combined mechanism. Referring to gig 4.1 

Px9.20+4x16.3 x3759. 6Mpe 

3.2 P+ 340 3 a 98.4 

Pa 20t 

Seismic coefficient ■ 28.44   r 0.7 
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Rtfenlnq to Fig 4.2 

Let VB  = P 
Parabolic distribution gives lateral lead at second story 

as 0.8 P and at first stores as 0.2 P 

481' x&'V + 42PxS29+2x18.3 x3,750 +l x1Max.3.79) 

• IQs 

:. P r 186t 

V8  *aG(h PW 

18.60 0.85 x4(h  x1 x 57.06 

4 _ 	8 
	57.06 

 I * 00 383 

Ref+rring to Fig, 4 3 

14.6Mpo a 183 x f x:3.7"59+2 x18.5x x3759 

+ 0» 64P x 9. 60 + 0.209 P x 6.4B + 4' C? P x3 2B 

Pa 17.8 t 

17,8 a 0.73 x(h  x88,68 

th  . 0.28 
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Pa urStardyr l ki stil  

R,flrrjng to Fig 44 

19.2 Npo . 34 3B + 3 x29.650  + 0. 54P x x SQ 

+430P x260 + iO3P x 3.28+o•~~fx& 4 e 

, P . 17.85 t 

17.85 a 0,7  x K~ x 114 3 

d 	a 0.223 

R.fsxrifg to Fig 45 

32 tdpo a 34 3 9 + 6x29.65 9 + CL 351 P x 22.40 

+ 0.207P x 19.29 + Q178P x 16 0 +Co 114P 

x12.89+ 4064Px9.60+ 4C29Px6r40 

+ 4007Px320 

32 M 

 

a 17.949+ 712.2 

:. P 	4 17.43 t 

17.49 a Cg564 x{h x2C0.16 

et h .0,155 
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It is seen form fig 46, that the results obtained 
by ultimate load analysis are different from those obtained 
by the reduction factor method In fact# the reduction 
factor method which d>es not assume total collapse, gives 
higher seisnic coefficients than thane obtained by 'ultimate 

load thgory which assumes total collapse 

Therefore the actual totemic coefficient obtainable 
in ultimate stage must be higher than computed by the con- 
ventlonal theory. The reason for this is that the ultimate 

load theory assumes a gradual application of load, resulting 
in the formation of plastic hinges one after the other, 
whereas tho sarthlu3ko is a sudden reversible motion occuring 

for a very short duration. Further the earthquake force 
changes as soon as hinging action start& Thus the actual 

aarthgu3ke load resisted by the frame may be higher than that 

computed by ultimate load theozy. 

0 



0 
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Structures designed elastically for a relatively 
smaller lateral load are able to withstand Vbdsrats earth. 

quake shocks without much dannge► During sting grsund 

antions, the structure undirgges nan-linear dsfonations 
dissipating good deal of snergyr This results In reduction 

of forces in the members of a framed structure during earth. 

quake shacks. 

tin tar analysis of structures is Presently used for 

the eartmuake resistant design. The cod* recomcamds seismic 

coefficients for elastic analysis of structures. A linear 
ghc,l.~s~s 

llsponseAcorrespDnaing to recorded earthquakes, anilysip, 

indicates that the structures would be subjected to lateral 

forces much higher than than obtained from the design seismic 

coefficle'ats given in the cod& Recent Investigation and 

experiancc frm ►sst earthquakes reveal that the linear 

analysis does not in most cases, represent• the actual beha+ 
viour of the structure and, In fact, overestimates the seismic 

response, It is found that structures desig.d for nail 

seismic forces have withstood major sarthquake shocks without 

much daaags 
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Before the present code cave into existencts  the 

general practice was to construct reinforced cantata 
structures in the highest seismic zone, using an arbitraa 

shy cb san value of seismic coefficient, generally about 

0.1. Because such structures 'have escaped doongs in past 

eartiquakes, perhaps our original codal r*cois^nw+dations 
wont by this experiec s, 

However f + & c. C. structures were constructed In 

the highest seismic zone of Assa*, at that time Foapared 

to the frequency of occursnce of major earthquakes, the 

period over which these structures were exposed to earth 
quake it quite short. Therefore, there is a strong need 
to put the desigi seismic coefficients on a core rational 

basis. 

About half of India's total area of 3.3 million sq. 

km is in seismic zones3 This is Just about 11 times the 
seismic area of Japan and California put together The 
seismic coefficients provided foie in the seismic zones of 

Japan are however greater than those pu vided for in India 

and the values of the design seismic coefficients are deter► 

mined within the range given below. 



TABLE a,1 

Zone 	 Soi~mie Coarfficimt 

I 0.096 to 06 240 

XI 4108 to 0,210 

III 41.20 to 0.300 

The above coefficients obtained for a particular 
area, Its modified depending upon gerund condition, and the 
type of construction of the building', by multiplying It 
with a factor +t gives in the Table %2, 

TABt6 %2 

-4 yAe of ; 
Kind 	

nstxctRon ' steel I: 	R.GG► 
of 	 ' j frame y 	frame 
grind } 

irrr~rw~fYrlr++  +AM~M~~Y+~Frw.~IrYr rrriOr 	r 

I 	Frock 0.6 0,0 

II 	Sander Gravel 0.8 0.9 

III Sand Clay 1.0 1.0 

IV Bad and Soft Clay  1.0  1.0 
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Thus the lowest seismic coefficlant Provided for 
in Japan is higher than the highest seismic co*fticimnt 
given in our code, though the allowable unit stress In 
materials as well as the permissible Increase In working 
stress when earthquake forces coven the desigi•  In Japan 
are almost the same as those provided for in India. 

In spite of the high value of design seismic 
cost! ici ants, buildings have Suffered damage In past 
earthquakes even in Japan. This is because the actual 
ground eccelentfon during Si earthquake is very high, 
'resulting In greater structural response during earthquake 

shocks. 

The Koyna accelezbgra% is one of the stmangsst 

over recorded from the point of via of peak ground acce+ 
leration. For the purpose of design of structures to with* 
stated future earthquakes In this area, it is important to 
know the damage to which they were subjected due to ground 

YA%9 r %L.aw 4t c d+.- 	it,  q tauw1 'waKcni, 

motlonj, The table No. %325  give* Y correlation of around 
acceleration and structural deroage based on a survey tarried 
out after Koyna earth eke. 

The peak groundd acceleration recorded on Koyna 
sacelettgram was 0.63% g. 
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TABLB s3 

0.2 to 0. 3 g 	Plastercracks In 3 stony buildings 

o.3 to 0.4 g 	Ibir cracks in a 2-story building„ 
Small extent of cracks at corners of 
soma other buildings 

04 to 0,5 q 	Minor to Ma jop cracking of tat►t plaster 

0,5 to 0.6 9 	Minor cracks. 

$Ore than 0.6 g 	Cracks 'indicative of severe shaking, 

The following observations we made about the 
behaviour of structures in 'Kayna earthquak, 11 

1, Concrete Slab In front verandah of a sch,oi building 
wallS withstood the *arthluake while the brickAsuffersd 

daage, 

2. There was no continuity of reinforcement in a collapsed 
beam of an R. C. G, building in Koynanagaa 

Sr A reinforced cenmt concrete portal tr o assembly hall 
(16.7 x 6 s4'a1 attached with k4aruti temple. Xoynanayar, 
did not suffer any den ag% 

4. The It lit tower at right and of the Spillway of Koyns 
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Dam,  was a framed R.C.C. structure with ring beams at 
floor levels. Even though the structure did not have 
aseismic provisions In its design, it withstood the 

violent shaking well due to its Inherent strength 
because of monolithic action coupled with ductility. 

3. Now Koynanagar bridge which a reinforced concrete beam 
and slab type bridge, did not suffer any damage.R.C. 
slab bridge resting on masonry pillars over stilling 

basin also had no damage. 

6. There was a complete collapse of a semicircular 
sesonry culvert on Karad-Chiplun mad but half the 
portion of the culvert was of slabltype and did not 

suffer damage, 

These Instances show that though the actual earth-
quake forces were much higher than the design earthquake, 
yet most of the buildings withstood them with minor or no 

damage. 

This also confirms the findings of the present 
study where it has been sown that P% C, C< and steel building' 
frames can withstand fairly high seismic coefficients thav 
originally they are designed only for vertical loads. 

Zrthivake zoning is largely a matter of per) 
and statistics. According to IS 1893:1970 406 f These 

limits of intensity (the intensity referred here +s We vuhUe 
of seismic coefficients provided) have been recow~Wkdtat Toy 
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the purpose of design but these limits nerd rot necessarily 
be always the highest intensity that would occur anywhere 

within the tone, It is possible in some cases that e©rth- 
quake of much high intensity may occur at any particular 

spot which is unpredtctabls The probabilities. Mwwar, 
its that a structure designed on the assumption that ten. 
slty indicated for each son• is about the maxima that is 

likely to occur, would ensure a reasonable maim' of safety. 

In the present study (in chapter U. III and N), 
it has been established that fairly high seinte coefficients 
can be withstood by buildings, at the yield, In the inelastic 
range and at ultimate load respectively, tbmparad to these, 

the design seismic coefficients as given in the cod* are 
very smell. Fbwever, as and whin a major earthquake occurs„ 
upgrading of zDnes becomes necessary. 
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•.a 	+~ 	; !. r 	s 01; 	 4r "+. 	, 	fit.) 

i) For framed building in P.C.C.  o r steel upto 20 
storeys, eartMAuake force may not be considered for 

design for Zone I and Zone II 

it) Earthquake lbrce need not be considered for design, 
upto six storeys in zone III, upto five storeys in 
Zone IV and upto 3 sto rays in Zone V. 

iii) R.4 C ô and steel buildings upto three storeys need 

not be designed for earttRuakw 

iv) Frequent earthquake of seismic coefficient value 
given in Table 2.4 can be withstood by the buildings 

Wi tto ut damage, with the buildings romain in g elastic 

v) Buildings are safe for a major earthquake of seismic 
Coefficient value given in table 3.1 which may occur 
only once in the life span of the atructurs The 

bui pings will enter the inelastic range, hence there 
will be damage„ but total collapse will not occur. 

vi) Ultimate load analysis gives result lower than that 

obtained by the reduction factor Metlod► 

vii) Behaviour of R C, C. buildings in the Koyna earthquake 
confirm the finding of the present study that RC.C. 
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fraas originally designed only for vertical loads, can 
sustain fairly high seismic Coefficients. 

The design seismic coefficients given in the 
code should be increased and put on a more rational basis. 
?hough Increased seismic coefficients would result ire 
increase of cost of building$ nevertheless# the percen- 
tage increase In cost of building will not be very 
high. For short buildings# the design will be gwrtxnad 
by dead and live loads. Also beyond a certain height the 

design may be gpveaned by wind forces and the seismic 
force may not affect the design. For buildings of 
intermediate heights, the increase in cost will be 

sppz xlxutely as follow& 

TABLE 6.1 

Sj 	 7b increase in cost 
...,.....~..~.~a~ ~. 	R_ _ 	c- 	 Rte ~S 

0.9 	 2% 	- 
0.10 	 79 	3% 
C615 	 12% 	8% 
420 	 20% 	14% 
0.25 	 27% 	19% 
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`t the above computations, of course, the considers-
tin of wind forces is taktn Into account. 

The study was restricted to seismic coefficient 
sethodr The findings can be checked by Nadal analysis based 

on the concept of average spectra or by detailed dynamic 
analysis based on actual spectra computed f=M expected 
ground motion. Non+.linear analysis say be employed for 
the above purpose, Further the study can be extnded to 
timber, b~dck and similar other ac~n*tzuction. 
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App ndix  ..rx 

The framed building chosen for illustration has 

the following datal 

1) around Floor Plan (Fig A. l.1) 

1,i) Number of Storys stove ground iwel a 7 

Li!) Haight of each story a 3,2 m 

iv) SupaslsPsed dead loads I 

a) Longitudinal oaitetisl walls $ 20 as thick B.1, 
b) intaxnal long walls t 10 cm thick B. a` 
c) xntesnal partition walls t l0 cm thick 

light weight concrete at rate 330 kg/cma 
d) Roof finish a 340 Kg/n1  "Floor finish . 130 kg/ma 

v) ' Parapet at roof level ■ 20 c thick 75 am high 

Vi) Qncnt. six s Boom and Slab M150 

Gbla s M 250m  taco,  Ml's as necassasy 

From the preliminary design17# 24  the following 

sisa of members will be found: sufficiw*. 

Thickness of slab * 1b ern 

Longitudinal boob a 20 x 35 on 
Teen svorso booms a 40 x 60 cm 
Columns Hxtsmal .40x50 cm 

ihtsanal ■ 45 x 45 cm 
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FIG. A.1.1_GROUND FLOOR PLAN 
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FIG. A.1.7_ STEEL FRAME 



Co terrace floor, the dead load will be 700 k$/sgm 

and live load will be is) K sqn. On typical floors. 
the dad load will be 490 KV*q% and live load *ill be 
230 Kg/sq.1% 

The load distribution is assuaed as In Fig h.1.2. 
wheys fla 	and W +► *3.41. on slab in Kq/mS, The 
loading on supporlb'tq beams (KV ia) will work out as stown 
in Fig A.l. t, 

TABLE A.1.1 
EgnivaI;t" u d, +. 	squirralNnt w d. i/ 
;un for computing 	m zn for aompu• 
S. F, on busts aril 	tin g B. M, in 

For ,Sawa A 1aSa. aM. 
(Shoat span gaaas) 	"4  3  

For bra► D 	( w 1.  Ly  e 	} 	r  
(long span D sa)  

1. All boas are loaded with urd.l. only. 
2. All typical floors (Floor lit to 6th) have stiller 
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FIG.A.1.3_SHEAR AND BENDING LOAD ON FRAMES 

02 

01 



loading, Therefore F. I M. S. flied be calculated for 
(1) Terrace floor beams and (ii) Typical floor beams In 
Fig A.1.4 all s,mmts are given In kgm6 

The frames shall be analysed for vertical loads 
by Kent's r*thod. Kent's msthod13  is a form of iterative 
method which solves atdified coma of slope deflection *quations 
by GaussuSeidel method of iteration. 

A compute psv gsngelc for computer analysis of 

Stames by Kani's method is enclosed in Appendix 14 The 
Worsne can be used for analysis of frames for vertical 
loads, lateral loads or their combinations. 

Floo rise loading on columns is as follows for 
four typical colume (1) 	003.0 D 	(it) Q 1. Cl  (!ii) Col. 
(iv) (bL C2  . REFER TABLE A•t.3 

To show for various combination of live loads with 
the dead load. in order to produas maximum and minimum moments 
in beems and columns, the two cycle ntfmd7  of taunt dies 

tributlon has been emloyet 

Out of the four dtffe nt types of frames analysed 
Aiivlously, it is seen that the frames of the type Af02  
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TERRACE = 12700 	D.L. FEM 4-12700 
2300 	L.L. FEM +2300 
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TASLU A,1,3 

FLQQR;VtB LOAD ON O) 	W S (ItNNes) 

?Ioo= Levol Cb1. Dl  Gal. C, t81. D2 0,1 C2  

Terrac* 10.5 13,2 15.4 1B,3 

6th 24.3 29.8 32.0 36.0 

5th 37.9 46.0 47.9  

4th 51.1 61.6 63.2 68.9 

3rd 63.9 76,6 77.9 840 

2nd 77.4 92.8 93.7 100..7 

1st 941 1(8.9 109.5 117.3 
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iv W 	In hams (.Va,tltfl with 

!ram• 	 H1  It  !loot 1*tne1 

DL. 21401 
I LL _ Bm Asa 

A2  9 

Joint Number 

Span (0) 

Dist. Facto vs 

mid po lnt pacts rs QL 

QA 

1. D.L.F.$A1 (Kgm) 

2.T.toA. & 14(K9zO 

3. Distribute and C,0 

(T. L. on Spin and 

4 L on adjacent 
Span) 

A. Add (2) an ti :4 
5. Dist ri but. 

6. Add( 44 and (5) 
( A%x. 8S. AL ) 

0.L s. K, 

LLB.K 
(by pnaportlWnbrg) 



.34- 

t 

t 

.4 

• 

a 

04 	s + 
a 
F- 
2  

i r 	 0 
~~S 	rt d 	04 04 	04 

	

f 	h A 	+ 	♦ 
2 
F- 

B r 	* 	` e 

	

c` d 	cart 	cg 

	

+ 	+ * 	+ 	+ 

N$  m d 

d  N 	0 N 

	

C 	a 	°, 

0 

s 	q a 	04c 

8  B a n 
a 

se 'Q 	w' t w C 	`e i 	v 

5 w , 	d H Q 	a z a d 
0 

►i ' d Z 	•-i C; 	p 	Ifs gyp' 



s53e 



/D.i.a21407 
T ~l i"` 4 r T 

~awwwwwwPsu+wA"WIMA 

0.30  

0,35 

0.35 

«13800 

Xt0 

,or 

t• 

rea 

r• 

D.P. for booms 
Joint No 

Top Colusd 
Dist. Factors 

Bottom Olain  
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suffer the maximum amount of lateral load moments. Hence 

it is Pxoposed  to restitat the study to this frame only. 

Further, out of all bias at various floor l*ols, 
the beam at second floor level carries the naaimum stmeffts 
under vertical and lateral loads, Nonce this beam only will 
be examined for various combinations of loading. 

Further, out of the four different types of columns 
analysed previously. it ie seen that the column of the type 

82 	carries maximum axial load, while type A2  takes imximuis 
moments due to vertical and lateral loads. Ebwaiver, as the diff- 
erence for the try columns for the two values being marginal, the 
maximum valuos will be taken. This column only will be examined 
for the various combinations of loading. 

the design  of this beam A2-$a  at flc,nd floor level 
and the column A2, 82 fume grund floor to first floor 
level will be based on the working stress method!. The design 
of first floor beam will be taken same as the second floor 
beam, This beam and the colon will be designed for zone sero 
of IS 1833119&  and without wind loads. 

Design moments computed under various ant conditions 
of loading are shown In table below. 

MexIMUM moant for design will be 11.8 tm 
For the size of the beam pimvided singly reinforced 

section will be sufficient. 



Condition of lording SAS 	°mot ~L4 	11G 	1~ . 

ni r r.r~~ rrr~rrrrrw~r++ter irrrri - - - .r 	Crirra.0 i1rtre. irrw~r aw 

1. tea d toad ( 0.k) 	08.1 	+7,0 	•7.8 

2. Mo rws 1 Uvi Los d 	X3,1  
(P1 1,1, ) 

S. 4 i, + N. i, i, 	41.2 	+9.7 	-11.8 

At ldWx 	x n11.4 5q. CN, 

Provids five bars of 22 m dig. to give 

At m 19 cm' 

Custsil tsusits steal as sMwn In fig 0.4 A*l» 5i 

Minimum coixesskn steel 	. 	L~"'" 51 	: 7+9 cm' 

pztvids 2 'bars of 22 ra dib to give At a '7.6 cm' 

which'oay be considered to satisfy the abve rewimst. 

Steel at mid span At 0 T 	s% a 14 3 Sq cm 

Provide 4 bars of 22 ele dim. 

Shoor tot• a 9,45t 

May. Shear Stress ■ hi 	* 4 b KWcros <S 
4K. 



... Sher sainfoxcermint is not necessary. 

.'. Only nominal stirups shall be provided, 

Provide 8 aim die. 2L stpa at 28 cm c/c thtcug)x,ut. 

Cheek ~,.far ,~;n.~. 	5b 	5x51.~rw...~.... s'% 3 kg/cros b • d 	5x91.UnWo2 

the bass stall be anshortd by 94 cm Into eol%rnn, 

Design of tbluas» % from G. P. to !.F. Level {Ref. Fib M 1.6 ? 
r i~ r rr~ rr M. rrrrn.r~rrrr wr 

Size 45 x 46 cm Mix M250 

Moments and Dirt Toads Ca the Colinas These are as follows 
for Dead load + N+~o juai live load (41. * N. 1„ x. ? 

moment (tm) 	 Directs } ad S P) 
M 

5.6 	0.32 	 117.3 

'Si, is rail, it Nay be neglected and design based 
on MXX only (Uniaxial banding). 

Providing equal steel on all four sides„ Steel rs-
quirsd is found as 1.75% 

A s 1.75 x 1002 x 45 x 45 * 3% 4 dm' 

Provide 8 bar* of 25 do die to give 

Ar s 39.'27 tea 	
Tt;rr :; ;'? lll:'EM!ff OF 900n' EF 



The design part Is thus completed+ In the Chapter 11 
the capacity of these sections to resist lateral loads for 
Increased stresses has been Inv4sttgated► 

Still sections2*26 

bait Span a 7,~ S e Mt 13190C4 kt u F. 2fl06.S =100 200 kg 

Fb . 1650 kg(cros 	Fs 945 kg(ema 

ki 

ti.a-. 	Adopt 1$ WB 350 at rate S6.9 ksm 

srk, 4:r..Shn►r tw a Sam AW a 0+8 % 3%0 s 28 cm' 

f • 2$ a 364 kg/cm' < 945 Ks/cm' 41► 

Cheek for Declsttion A 	 . D 384a(2 10x15 QL7 
a 0.68 cm 

t4 	+00 < 325 	Safe 

Adopt same, section for all booms Zp ++ 995.5 cm' say loco ceps 

•Mp a 1640000 Kg cm a 1l 4 to 

CoIns (1) Mn 5,6 tm P. 10%, 6tCGr. Fla to Ist Flt) 

Ter YSH9 4S G' 92.5 kg/m 



YY 
	. b9 Pe 	 1113'5 kg/cm' 

J. a [2ia5 x 1.37'+ X26 x 1.13'' m 63 cm' 

Ca  • Cio,lfs,GCC x 	- x3 O° 	l+Q 162 x' 5*45 J 4.20 

. [7540 	+ Q.17 ] x J. 2 • 9800 Kg/cm' 

gb  • 1!!22 kg/cme 

Es  = 0 y4  w  a 9C© Kc cros 

ib  S 	 m 312 kgfcm1 

f 

a 
+ 	a x 	+ 	= 0.794 + 0. 205 as 0.999 1 0. x. 

This section gives Zp  . 203099 

Mp  valve a 2.04 % .214 Say. 

(2) P• 1495 t 	M. 7.2 tm 

Tiy 2SHB 300 @ 63 Kg/s 

a 	. 60 4 	Pa  • 1128 Kg/am8  

•1 • 3 Zbt3  II * C2 tsxL063  +27.86x4940  . 27.4 cm' 



224&7y .i- 't 2ttsLVOI C1  a C10010000co % 0633a4 no )8 4I~ 061K 	 J xlr 2 

a E7600 41C22J 42 a 10# CCO Kg/cm1 

Fb a 19 kg/Cm' 

i~ ++ 	a 20% 5 Kg/ cm',25 

f 
b
. 72 	a 835 Kg/Cm' 

~► 	a a + 	_ 0..10251054 a 0.7285 <1 a. K. 
• 

Zp w 962„2 '. 0 of Col ■ M of BRam 

The ,rranguiw4 chow% In Pig A.1,7 may then be tnktn with 

% a 16.4 tm 	 II 
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Appendix 11 

CE7MAITFR PRLGRAAt 

Cyr c 	FMME ANALYSIS BY KAN I, $ 16tFVD 

DZMENSICIJ A(1250),a(3C0),ST  s0),SP(600).s(1250) 

1000 	READ 200, N,N,NC 

200 	F0RM%T (313) 

RED 201, (St 0, L.1,J) 

201 	FO UAT (UF5.3)  

DO 11 1s1.,U 

S +[3 

NLONik'L 

NL$wsNL.N+1 

DO 10 J.NLS,NL 

10 sJ.S(J)ts3 

SJr4. 543 

DO 11 J1NLS,NL 

lI B(J)•$J*S(J) 

NL czM4+I 

3=1 

DO 24 L•1. At 
u Lr?Ut 

LIFmNUN 

20 JInJ+N 

0 



LjaN LS+l 

SsMP►J 

Ka NiS + NLS 

IF (La) 22, 21.21 

	

21 	S.T o S(NLS) + s(Li) + S(J) 

SJ s SCI. 'S/ SJ 

GO TO 23 

	

n,t. 	53.5CPJLS)+5CL) -FS()-}S(3;) 

	

22 	sin • 4,S /ST 

A(I) s SJ # S (J I) 

23 L2 a LN 
A(1.2)-63+S(3) 

A (K) - SJ-,fS(NLS) 

A(K +1,) - SJ#S(11) 

NLS* Nis +1 

JnJ+1 

IF (JaiL) 20,20,24 

	

24 	NLS n NLSr1 

3 a MN + Iti 

READ 2049 (5F(1 v1"1sA)s(SJM( 1h2 m1@ tA) 

	

202 	F CRM%T (c Fa,1) 

J 0 J-1 

00 3D 1 n4J,2 

30 	SF( I) it SF( I) + SFl 1 +1) 

,T n 4 MCI + Me M 

DO 40 I a 1jJ 



40 S( Ia a 0 
00 8 NK ., 14NC 

I. 1 
J$0Nt I 
MIS 3w N+N 

sfl . STM(1) 
DO5!?J* J3, NtS 

50 $Jl . SJl + 5(3) 
3. &U+ It*3I 1 
L. 1 

7 SJ2 w► STM (L+1) 
NL . tin 

.1 a NL+ NL+ I 

31. (NL+ N) 2 

0051K. L4JI 
51 SJ2 a s32+ S(K) 

70 NL a N-9L 
L nNL+N+hi+ I 

Jl - L.1 •S*N 
K0J+I 
tit LS . J + 2 
ME. bY..1 
SJ . SF(MP) tS{Jl)+ S(J) + S(J +3)+sJ1 '-8(I) 
XP(LM)  60, 61,61 

60 12,. I+N 
$J . SJ + SJ2 t B( L2) + s(Li) 



sti) a SJi A(1a) 
61 Jl• A+N 

s(J1) ..SJ-A(JI) 
S(KJ - sJfl►(K) 
SOILS) - SJ A(NLS) 
J a J+2 
I. I+ 1 
IF (ENE) 70,70071 

71 J. J*2 
La L+J. 
931. 532 
LFl"M) 7,*70„8 

g CQi I' lM+►S 
00 a, La 1,M 
Si. STM (L) 
NL e N --L 
.71. NL + Ea L,.N 
£1.31 .• Nt j 
DO 80 2 a 14,J1 
2. I+N 

60 Sim 8J4 S(I) + s( L2) 
NLSsNL0H+1 
DO SI 1 a NLg, NL 
K.NL+ I 
Stt a  K.N 



ssi - $( LL) + 5(K) + SJA( 1) 
S(Li) s 511 + S(L1) 

81 S(ic) 	S1 + S(K) 

'Ni 
J:= MN+ rtI+ 2 
DO 84 L¢1, M 

tI L . N 7Y L *2 4 
82 Ka J'+ I 

SJ . S(K) + 5(K +1) 
S(K) w SJ + sP (fl) + S(K} 
S(K +1) a Sx + SF (I + 2) - sM I +3) * s(K'+i.) 

In 1+2 

IF (I -NL) 82, 83, 8S 

83 JaJ+2 

84 In 1+2 
J a W + 1+2 

J1: N+144 

NK=Ji+I 

NL$aUN+{3 

K~ J 
lasK+J1 

DO 110 1. 1„ P1LS, PK 

S(K) a SK(I) -SF (1+1) 

12 : I+ Jl 

s(Li)aSF( 2) 



K+~K+NK+2 

300 Lz . K + J1 

A `JCf 205 

PINCH 203 ($( I),1 Ml,N) 

205 FO 	T (19 H CLLJJ 1 BASS: BiT$) 

203 FORMAT (4z 6* 4) 

204 FFRM T( 36160 4) 

206 FORUT(14H J424T HINDER , 13) 

L: 1 

DO 93 La l,M 

tNL a NtL 

Ka NI. 	+1 

TO go In K",, ILL 

JInNL+I 

la,nJ1+R 

RCN 206 1 

IN C ..M) 91, 92, 92 

91 PUNCH 203, s(J) , s(Li) -, 5(J#1). S(Ji) 
GO TO 90 

92 PUNCH 204,, s(J)• S(J+13, S(Ji) 

90 J.J+2 

93 JwJ+2 
OD To 1000 

940 
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