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The deaign selamdic coefficients provided for in

the code, are quite smll. Because of this frequant upgrading
of selenic 0nes betomes Necessary as 8nd when mejor eatthe
quakesoccun  In the present study, it {3 shown thet buildings
have gufficient built-in selemic safety, so that such upgrade
ing of selenic tones may not be éium! with a great concem,
Such upgrading only halps the congtrustion of new buildings
on 3 mors ratioml bagls in guch arean

In the present study, multistorey reinforced cone
crete fromed buildings are first analysad and designed by
working stress nmethod wit hout conglderation of eaxthquake
forces nnd the desion govemed by vertical loads only, A
check 13 then sade to deternine as to how much earthquske
force the bulldings can safely bear nnder the following cone
ditfonsg ¢

1, Material stregscs Just reaching yield point
2, Structure going In the inglastic range
3 By ultimate load onalysis,

A compazisth 1g mde for the above three cases.
A critical review of IS 1893 5 1970 code provisiong as far as
bulldings sre concemed is sl given.
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According to IS 1993 19&22. Bonbay and the
whole Decan platesu wrea was classified as 2one zem with
seisnic coefficient of value ze. (n Deconber 11, 1967
s strong arthquakc‘ with » maonitude of 6. % occured at
04«21 IST with its eplcentre very close to the Koyna
Hydroelectric project In the Mahazaghtrs State Thers
was ther the realization that tho stable area of Dectan
platesu was alsogusceptible to earthquake. Thig necest itated
selsmic upgrading of this axeas In the wevised code of
IS 1893 197G°7, Bombay was placed In Zong III with a
selgnic coefficia t 0f Q04 Due to this, bulldings
which had not bemn designed for eaxthquake forces are
fow supposed to withytand the eaxthquake fortes corresponding
to thig selenic coefficient,

- Most of the reinforced concrete bulldings in
the affected zong withstood the Koyna eapthquake though
they were not designed for it. This is lmpostant fmm the
point of vigr of bullding design It is quite poesibly
that the structural design method adopted provides for
a cortain margin of safety ofsafety in such gtructures,
Also by permitting certadn amunt of inelastic deformations
the stzuctuze can withstand rathevsevere earthquake

forces,
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The present thesly examines the following aspects
of eaxrthquaks regletance in hulldinge

1, Safety of buildings if seismic coefficients axe
upgraded.

2, laximun sarthqinke force the bulldings cen safely
‘withgtand, |

3 Helight of multigtorey bulldings upto which tha
earthquahe force does not govem the desicn as per
present IS Code

In mltigtorey buildings, the d.;.lqnu .!. gvemed by
ong of the following combination of forces

1, Verticsl loads
2, Vertical logds + wind loads
A  Vertical loade + Barthuake loads,

wind and earthquake forces being occaslonal in nature,
ah Ingresge of 33% X  in woriking stresses is allowsd when
dﬂign s pvemed by one of them Furthen when they earxthe
quake force iy pveming, some reduction in live loads is alg
allowed '

Malysiy for wind loads has not bes deslt with in the
presnt study, as the parameter for wind loads 1s the exposed
areas of the bullding whereas foxr saxthquake foxces, it iy
Basy and stiffness distribution, and hence no comon grownd
for comparison can be gpecified. Algo wind force s not
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fet considered to sct when sarthquake is veming:
Pecauge, there is 1ittle possdbility of aaxthquike
accompanied by high winds,

The present thesiy deals mainly with the study
of aultigtorey reinforced concrote framed bulldings,
Analysig and design 1is illugtrated by the case study of
2 seven=storeyed bullding ai given in Appefidix «L Buildings
ofl, 4, 7, 10 18 and 20 storays arve designed by working
stress method, without consideration of sarthquiake forces
and the design gwvemed by vertical loads enly, A
theck {3 the made £o deterning as to how much earthquake
force the building can eafely bear under the following
conditions,

1. Without gswmtaining any damage and
2, With moderate damage but without total
collapse,

Thess aspects are studied by allowing the stress
to rise wpto yield strest in the first case and by allowing
the structire to ¢ into the Inslastic xange in the second,
The relationghip between the increase in material stregses and
the seigmic coefficient has beon deternined,

Selgnic cogfficienmt method fox computing earthquake
forces has bemn uged in the preseit stydy. The presends
sarthquake code hap given this method for buildings not
exceeding 40 o In height. For bulldings grester then
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40 a in height and upto 90 o, modal analysis ig
recommeided, However, &8s an altemative seismic o effi-
clent method has 8lso been permitted for zone I to zons IV,
Hence the adoption of gelsmic coefficient method for
buildings upto 20 storeys, in this study 1s Justified,

The following are the limitations of the present
study @
(1) Effect of torsion 1z not congldered
(11) Effect of simultancous occurance of eartluake
force along both axes has not been considered.

(141) The lorizontsl relative displacement dus to
earthurke forces between two successive floors
has not bes investijated This my result In
P=d of foct,

{iv ) The non=structural damage due to earthiuake
has not been congidered. Though the bullding
may withstand s severe eartifiuake but the cost
of repairs sometimeg are very heavy,

(v) The effect of change in aspect ratio of
bullding has not bewn congidered,

For franps designed either for vertical loads
{ or vertical loads + eart!uake forces with allowvable
a3 é% 2 increase in stresses ), the selsmic coefficlents
withgtood are computed for the following conditiong,

(1) Material stresses Just reaching yield point.
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{2) Structure ging in the inelastic mnge
The concept of reduction factor is uged,

(3) By ultimate load analysis.

A comparispon 1y mde for the above three
coses, A critical roviewof the IS 3893 1 1970 code
provigions as far ag bulldings axre concerned 1y sley
given, ,

In the present study, it has beon egtablighed
that very high selsmic wefficients can ba withstood by
bulldings in the ylelds, Inelagtlic end ultimte stage
respectively, Compared to thege, the design seismic
coefficlents given in the code are very small.,” Howover,
as and when a major eartMuake occurs, Uparading of zones
becomes necesgary. It is slown that bullding have suffi-
cient bullt«in selgmic safety, so that such upgrading of
zohes my not be viewed with o great concem. Iowever,
such upgrading does help the congtruction o'f new buildings
on a more rotional bagls,
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The object of this chapter is % compute
the selsmic coefficient (S, C.) withatood by the

bullding which ig designed only for vertiMcal loads,
for the following conditions.

CASE ) t when an increase of 33%!‘ in wrking stresses
is allowed, ‘

CASE 2 1 vhen the materisl stresses just reach the

Sefemic safoty of the bullding hag been investi-
goted by lateral lood analysls with selgmic coefficient
method,

for static analysis, live loads have been taken
8g per IS 436 t 1964 and for lateral load analysls,
live loads as per IS 1893 1 1970 have besn taken,

lataral lnad Lyl i3

The detalls of the bullding clwsen for thiyg
study, ars given In Appendix I, Kani's method has bem
uged here for lateral load analysls. The prmcedure
adopted for comput ing storey mnemts and stiffnesses
1a as follows,

8y lumping the msseg at floor levels, the
total vertical load at roof level works out as 884 tonnes
and the total vertical load at typical floor level
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- works out as 891 tonnes; for the building under condidera-

tion,

Referring to para 4,2 of IS 1893:1970, the base

shoar is given by

VB w C, ‘h' Pe ¥ e 2,1
Where ¢ w flexdbility coefficient,
€, = selsmic coefficiont of the particular zong,
f = soil foundation foctor, and
W = ¢otal load on which seigmic force is © be
co mput ed,
Algo the distribution of forces along height iy
given by
W h3
Qi -] VB b ] #""‘i‘-": e 2.2
s Why
1l
Where Q= lateral forces at wof oxr floor {,

VB = the base shear as worked out In 2,1

Wy = the weight considered to be acting at the
devel of the roof ox floor i,

hy w hel ght of the roof or floor 1 ghove the
boge of the building, and

n = number of storeys including the basement
tloors.
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Q forces (t) comuted at various Cloor levels
for the seven gtoreyed building under consideretion, are
given in the table helow for selgnic coefticieont of 0.C1,

Rlooz No. 7 4 s 4 T 2 1
Qf t) 12, 89 63 40 2,3 LO Q2

The earthquake foxce ig agsumed to be acting slong
ong of the principal axis of the bullding at o time when the
stzucture is designed for the horizntal selsmic force only,
Hence the forces computed above will act upon the entire
buflding efther tn |

(1) transgverse direction or in
($1) longitudinal direction,

These forces along any particular direction
{ trangverse or longitudinal) are rasisted by all the frames
along that direction,

The Q forces at sny storay level are distributed
to varlous fromes in pmportion to thelr stiffnesses in
that direction,

The stiffress of 3 frame st sny storey level {3
taken aqual €5 the gun of the colum gtiffhegses In that
storey end the distzibution of Q forces to various frames
1s made accordingly,
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Sto¥ev momet 1y computed as V) ., hf3 where

Vh- shear in the storey and
h = height of he storey measured from top

Anglyslg 1g completed by computing the floorwise
storey mmets and stiffnesses. Kani's mettod!® hag been
uged here for computations

Sasl

For the besm, only unider-reinforced section iy
taken g0 that the steel stross rises from 1400 to 1867
kg/cw%, Columg are designed such that the reinforcement
1s symaetrical, For the colum, the stress In concrete
is the governing factor initially beacuse the vertical
loads govem the design at this staga, Bending stresses in
colum concrete aro allowed to rise fzom 30, 70 ond 8%
Kg/cm® o 66,7, 923 and 113, 3 Kg/cm?® vospectively, for
M50, M2C0 and M230 concretes For the beam, and a
straight livie lewd 1s taken for the increoase in stress
sgaingt resisting moment developed

The computstions of moments In the bewm ang
mmsnt and the direct losd on the column are illugtrated
for a seven stoxey building in Appedix L Similar
computations are repeated for single, four, te, fiften
and twerty storey bulldings, keeping plan dimersiong snd the
storey height same The recults obtained for the critical
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frame for the boam and colum are given In ‘!‘.’_hl. 2.1
and 2,2 regpectively, The key polnts A, C, B are the
sxtemal, centre and intdmgl pointy vospectively for
the critical frame

The above as well 29 2ll subgequent sety of
calculationg havo been repeated (1) for ten percent
reduced relative ;tl.ffnu.s of columsg and (2) for ten
percent reduced relative stiffness of baam, in oxder %o
ses tholr effects on the rosults oitained. A two to five
parcent varfation in pesults were obgerved The varistion
of-—ten-pexcent in the relative stiffnegs which ig assumed
as ten pexcent ig reagonable becaugs that i s differerce
which may occur due to differsnces in designs adppted

caael
When the stress In steel in the bean i3 allowed

to rige upto yleld gtress, s bilingar pattem of incresse
in stress VS selgmic coefficient withetood 1g obtained
Again, either the beam or tho colum gvems the desiqn.
For the colum, the corresponding stragses in concrete
are taken as 9%, 12% and 18% Kg/cm?® vespectively for ML %0,
00 and 2% concrete. For the seignic coefficint
fond sarlier, the corresponding selgaic coefficiat for
increcsed stress 1s found out and the buin.ar;ﬁg”&s
setablighed, ob toived,



== PIUQ epquy

i

{sxxm s (A Cy® $25382138
PUDES) X33 uy S PeIdUY
2e/Y €€
SE€°0 s e 1) IC) PSR
"33y dyustes %9
, M) peor
&% °T + - ILTFPIT 2 ~ LI'TRQV 2 =  E&ETO+ syeniNIty G
{(*T“1T Y PeOT
wClo- LD+ CLD- 30~ EL™e 2L~ 0D cv o% SATT PPy ‘¥
POT~ PO DIEYSB8O" £Q°0T« 9TV~ 9L~ 98°%Ie 8 - TMN + 10 %
("1 %1 "N) PeoT
6°C~ 8T+ O~ CLT~ E£6°T¢ 93U~ T°T+ 9T'Ze T'I- SATT TéWmIoN
. (*1°a)
S L~ T+ 0B T~ Ll P°L= PH~ 9°CT+¢ 89~ pecT peeq °t
AHNT = L 3L11s v ATH018 muumum.ﬁw £0 NTIICNDD
(%) ° (>3
v

( &3 ) sagpod Aoy e Sjsmae oEeq IoF BIqR)



w]Dw

{faxcys y3wang) {fo035 yaxys) (403038 yaanog )
. Zov $20 v 920 0 9
Ze 2 - WES oLzsr - vLTT wvzes - LTS s
G680~ WD+ 16T~ 98°0 6T+ B0 - 9% Lb+ 8O- i 4
86721~ T9°'Le  6TET~ SC°TIF G083+ G@'ZI= 8O- L%+ 2 T~ €
% t- T T+ Vo= SrE~ TZZ+ SCE= O0E" i°Ts i A
P~ ICG+ GGG T'6~ E8%+ €% 8°L= n°L2 T'g~ i ¢
g ) v g 3 v § O v -
_ ONTQVOT
Aaxoys = gz dxms - g1 daxoys -o1 40 N7 LIONDD

(PPRuUTIUED ) [T #rqeg



=13

T Py gy

L LI FET

LT EETLTY

U #sesxdug

ZE£/T 6 203
90 TILE] =Y &%) PaISISes gy

0.y L8-0 {tha =
T vz &89 G981 $499° 8T H V'S ) Peoy g
8ot S A ) LY LBT L% vy 192
€y 9% 6"89 6% €21 g TIN 4 Mregcy
Pror awaqr  pooy yeemn PeoT Jusmay -
, | ONEQVOT
Mzos «, A2 038wy m_wmw«ow 20 NOT 1TOND

wWnrQ w (1) P¥oT 308170 Pe (03 ) gy X0 eyqsy

T z1avy



Y :

cvo




NUMBER OF STOREYS

16

20

18 p—

14 j—
BEAM L ~COLUMN

12 }—

10 §—

0 ] | | | | ) | L]
0 0-02 0.04 0-06 0.08 010 012 014 016 0.17

SEISMIC COEFFICIENT

FIG.2.1 - NUMBER OF STOREY VS SEISMIC COEFFICIENT
FOR AN INCREASE OF 331/3%|N WORKING STRESSES



LN313134300 21 SI1aS
L0 EE O Qe O L2-0 <0 t2-0 BiL-0 540 20 600 20-0
| | I [ |5 1 | i I L L |
NWV3Id 4O dJHNOIAVHIY ~ 2°¢ "9id
!
e
ﬂ“
&
A
i
o«& °
&V
v pit
o 4
g ]
< 3
X
m
-

*3&0_{_5 W

‘{HHOIS Si

QO04LL

000e

13315 NI S53HLS

—q ootz

~ e



IN3ID144303

J1IWS13S

€0 ©Z-0 aL0 210 900
NWN10D 40 HNOIAVHIAEAgG £ ©9ld
JSYIHINI
o MMﬂIL
d
s o
e
1=
oY
\w&v
N ~ -
o
in

o ~ /g
nd < S m
LW g = =

7 m o >

~

%] wy ~

S fuw

g ~

m <

5|3

-

iy

SSIHIS gI3iA OL
ANIONOd SIHYH0] SSIHLS —




NUMBER OF STOREYS

20

18

16

14

12

10

18

BEAM COLUMN

| d | A ] - | |

0.04 0-08 0-12 016 020 0.24 .28 032
SEISMIC COEFFICIENT

FIG.2.4_ NUMBER OF STOREY VS SEISMIC COEFFICIENT
AT YIELD

0-36



=19

TABLE 2,3
—— . v S - - RS
No. of !S.C. at 33 &/ increase | 5.C. at Yield
stouy:'im tasl 33 H
: T o "
- BN 771 W « 19 U1, W G TV T + -3 1", ", W
1 0, 165 Q1575 O 344 0, 32
4 Q0% Q0725 6. 093 o, 17%
7 0,038 Q06 Q068 al2
10 Q026 0, 04% Q 0%2% 0. 058
1% 0. 025 Q04% Q 0497 0,099
20 Q022 Q 04 G 0433 Qo8

From the computations shown In table 2.3 and
from figures 2.1 to 2,4, 1t is seen that,

1) For fyamed bulldings In R G G upto 20 storeys,
earthquake force does not govem the design for
zons I and zone II

11) Earthuaske foxce does not govem the desicn,
upto six storeys in zong I1L upte five storeys
in zone IV and upto three storeys in zone V
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181) Design of buildings uptc three stoxeys is noct
ovamed by sarthuake forces, sywhere in
India |

iv) BartiAuake of following selgmic cosfficlent value,

15 withgtood by the building without damage 4, &,
with the bullding ramining elsstie,

TABLE 12,4
. et e b et e oo
Nowof storeys EQ of S.C Value withsgtood
20 02 moye 0. 04
9 to 19 0, 0%
748 0. 06
é Q07
S or less | QC8 or more
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FHTY IN THEB

In thig chapter, maximum esrthquake force which
the buildings can withstand with some damage but without
total collspss, 1is investigated uging results of inelag.
tic zeaponge analysis. Computstionsg for exact non-lingoy
annlygig being too tedious, the concept of reduction
faﬁtors'ﬁ*a is used heres Since linesr systems are
easily analysed, a relationghip is establighed hetween
l1ingsg and nonelingar gystomsg 0 that 3 non=linear
system can be approximited by an equivalent linear
syston for the purposes of analygls ond design, The
methnd adopted here £s to uge a reduetivon faétor by
which sn earthquake data should be toned down 0 that
a linear analysis with the modified data indicates a
solsmic lateral load coefficlient which corresponds ¢
that of yield point of the nonlingsr gystem Thiy aesns
the design of a non«lingar gystem sapable of cextain
ductility can be based on the knowledge of an equivalat
systoem which 1y linearly analysed for the toned dowm
sarthquake. The factor by which the foxce In liner
gstzucture mugt be reduced to obtain the force in the
nons=linear stxucture, is defined as ' Reduction Factor',
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For the type of structirs and loading chogen for thig
study and for the Koyna earthqurke, an avexage value
of reduction factoxr is taken as 2

Thug the stress in steel in heam 14 taken as
000 Kg/ca? assuming a linear stzucture For the colum
the coxresponding stresses In concrote are taken as
190, 2% and 210 kg/cm? respectively for M 30, R®
and 230 conczete The actual stress in the mterials
in the associated nonelingay stmucture will be Mh less
then the above valuss,

TABLE 31
5.0, Registed in Inelantic Range

SRR i

No. of Storeys Bean _ olm
1,01 1,08
“ 0,26 0. &2
a9 0. 34
10 al4 026
18 0,14 0. 25
20 Q12 0,22

The graphs are plotted in fig A 1 and fig 32
Fmm the computationg ghowd in Table 31 and from
figures 3,1 and A2, 1t 15 sen that:
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Bulldings are safe for a maJor eartiquake of
selamic coefficiant value glven below, which may occur
only once In the lifetime of the structure The build-
ing erters the nelastic range honce there {3 eome
damage but total collapse does not take place

TABLE 3,2
No. of sto _‘--s A _ 5; & withstood —
1520 Qa2
1015 ' , O, 14
7-10 Q14
47 0, 19

led Q26
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ULTDATE LOAD ANALYRIS

It is pogsible to estimate the ultimate laters!
load at vazious stozey levels for s building initially
designed for vertical load and s2y lateral load which ig
uithin that which causes a 33 %% increase in allowable

stressesn.

The ultimte load theozy?" as applicsble & R.G.G
frames L5 gtill in s developing stage The mein hurdle s
that whileg in a gteel beam or colum, the plastic hinge
hag 2 large capacity of wtation, it g not o far R GG,
beam or ¢olunn, where-in the plostic hinges have limited
capacity for mtation, Furthen in cageof R.C.C./'tho
firet fomoed hinges mtate more when further hinging takes
Place and the first hinge may fall even when other hinges
are still taking mtation, The mmct method of analygls
under the circumgtances, is esoontially a pweedurqof
trial and ermor requiring an accurate MaO dipgram of
RGCG G sestions, Thug, even for a frame of moderats size,
staggering nunmber of computationg are required

Perhaps becauge of thig, IS 4% ¢t 1964 dbeg MOt
cover the methods of detemining the collapse machanism
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of an indeterminate structure foz differmt conditiong

of ultimste loads and for the given proporties of the structure
and {ts wenberas. Therefore the Dres:nt p:anucnm is ©
find the forces in menbprs by the elastic theory, apply load
factory to find ultinmate forces and then to design the
reinforced conerete soction by ultimate lood thery., A
structure dosioned by thig method ig likely to give lesser
value of gelsmic coefficiont resisted than what was obtained
by the reduction factor method lHowever to expound the
utility of ultimate load theozy for computing the selsnic
coefficlonts withstood st collapse, stesl frames sre analy~
sed In thiy chapter by "the method of combining mechaniems”.

For the conmputationg shown in table 4,1, member
sectiong, dimenslony and loadings are taken as caleslated
in Appendix I for steel sections.

The gelsnic coofficiets are as glven in table 4.1
for an incroase of 33 %% in allowsble stress st yleld

stress and in the inelastic range respectively for stesl
{frameg,

Statical checky have been applied for all the
machanigng found below and thage have bemt fond % give
safe and statically admigsible B,M, diagrns. In the
computations done below the total unifomly dht_r!._buhd
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TABLE 4,1
7S, G at 33 1/3% | 5.G at Yield 15.C. in the in-
NO. of : H H

Stoms! Beam Co lum 'I Bean i ®luw | Baam - 160 lumn

1 0, 16% 0,167 Q 344 0, 348 1.01 0. 96
2 Q12 0.108  0,2% 0,23 0,73 0,63
3 0,09  0.08% Q17 0,17% 0, 4% 0,48
4 0,0% 0013 0.0 Q 188 0, 26 Q 44
7

003y 0,06% Q07 Q, 14% Q19 O, 40

load coming on the bean affects the value of P, whereas the
total lumped mas of the storey level seemg not to affect the
valus of P, However, as the total lumped magn a8t the st rey
level controls the H.p valug of columng, it indirectly affects
the valug of B Hece the gselenic coefficiant ig @mvemed by
both yiz.the 15ad coming on the beam as well as the lumped mass
at the storey lgvel.

siongls Storay ¢ When the lateral load comes, sway occurs and
the portal wuld fall in combined mechan igm, Referring to Fig 4,1

Px2.20+ 4 x183 x 3730 64

L322 P+ 343 = 98,4
Pms 20¢
. 20
D Selgnic coefficiet = 28, 44 w 0,7

’
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Lwo Stoxey Mrtal ¢
Referring to Flg 4,2

Let VB = P
Parsbolic distribution gives lptoral load at second storey
ag 0.8 P ond at firgt storey 08 C.2 P

QBP X6+ Q2P X220+ 5 X183 x 7% + § x1868x A7H
ulQ#%
P wlB6t
Vg = C«y Pw

N 1&6&' 0.85 ﬂ‘h xl " 57006

1 [t *m—“*
AN BB % .06 v %388

Referring to Flg. A3

1461, = 183 x4 x2TH+ 2 x163x$ x 3750

* 0, 64P 29,60 ¢ 0,200F x 6,4 + QGCTP x2 20
L Pw 7.8 ¢

17,8 = 0,78 x &y X a9 68

. ‘h - 0.28
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Zoue Stocgyed Roxtal.
Referring to Fig 4,4

19,2 M

o ™ A J+ 3x29650¢+ QB4P x 12,8

40, 0P xQ% * QO3P x 2,26 + 01> FfxX6UB

A P = 17085 t
£ 17,88 = Q7 x«, x1143

\‘ ‘h = 00223

Referring ¢> Fig 4,3

32»‘5‘,3 = 34,30+ 6 x29.6358 + Q3P x22. 8

+ Q2°TP x 19,20 + O L78P x 16 0 +0,114P
x 12,80 + Q, C54P x 9,60 + QCQ‘)P x 6, 40

+ QCCTP x 220

L RHM = 17.94 P+ 212,2

p n 17. 45 t
S 17045 - Qm x‘h aﬂm.lﬁ
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It 1s seen fom fig 4. 6, that tho results obtalned
by ultimate load analysis are different fmn those obtained
by the redwtion factor method In fact, the reduction
factor method which des mt asgume total collspso, gives
higher selsnic coefficlenty than thege obtained by ultimte
load theory which sasumes total collapse

- Thexefore the actual seisnic coefficlent obtainable
in ultimate stage must be higher than computed by the con-
ventlonal theozey. The reason for this 1s that the ultimete
load theoyy assumes & gradual application of load, resulting
in the-formation of plastic hinges one after the othen
Whereas the earthuake ig a suddon reversible motion occuxing
for a very short dumetion, Further the earthquake force
¢hanges 48 goon ag hinging action ntirti. Thug the sctual
parthyuake Joad resisted by the frame may be higher than that
computed by ultimate load thery.
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étmturn designed elastically for a2 relatively
anall er latersl load are able to withstand mdarate earthe
Quake shocks witrm_rt'mmh damages During strong gmund
m tions, the structure underm es ron-linear defomations
digsipating ood deal of energy. Thig resulty in reduction
of forces in the momberg of a framed structure during earthe
Quake shocks.

Linnar snalysis of structures is prosently Used for
the eartifiuake resistant design, The code recommands selisnlc
coefficients for elastic analysis of structures. A linear
!'nponﬂig};;smndmg to reto rded qarthquaku; analyyls,
indicatag that the structures would be gubjected to lateral
forces nuch higher than thoéa obtained from the design selsnic
coefficints given in the codes Recont investigation and
sxparigico fmnpast sartiquaikes reveal that the linear
analygig cbes not in mst cagsep, represent  the actual behae
viour of the staucture and, In fict, overestimates the seignic
response X iy found that structures designed for smll
seignic forces have withstood majox sarthquake stocks without
much damage
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Before the present code Came Into exigtence, the
pgeneral practice was % congtiuct reinforced concrete
structures in the highest selsmic wone, uging an arbitra=
rily chosen valug of geismic coefficient, gemerally abut
0.1, Becauge such structures have escaped damnge in past
sarthiuakes, perhaps our original codal zecomnendations
went by this experignce |

towaver few R C,C, structures were congtructed In
the highqst selsmic mne of Assam, at that time Cmpared
to the frequency of occurece of major sarthquakes, the
period ovar which these structures were exposed to garthe
Quake 1g quite ghort, Therefore, thers is s stwng need
to put tha design selgmic coefficients on s more rational
basis |

About half of India's total aven of 3,3 million gq.
km is in seignic mnua. Thig ig Just about 11 timgs the
selenic arex of Japan and Califomnis put togethen The
seigmic coofficients provided for in the selsnic zones of
Japan sre however grsater than those provided for in Indiy
and the values of the desion seigmic coefficienty are deter»
nmined within the range given below.



TABIE » )
Zone o : Seignic Cosfficint
1 0.096 to 0,240
¥ SN a1c8 to 0,270
111 | G120 to 0, %0

The alove coefficimts obtalned fox a particular
ares, is modified depending umon gmwnd condition and the
type of congtruction of the bnilcnngl, by multiplying it
with s factor « given in the Teble 4.2,

TABLE %2
et ¢ ]
T TR
gmind | SRS N
I Fock 66 08
II Sandy Gravel 0.8 0.9
111 Ssnd Clay 1.0 1.0

IV Bad and Soft Clay - 1.0 1,0
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Thug the lowest seigmic coefficlent provided for
fn Japan ig higher than the highest selgmic coefficint
giver In our eode, though the allowably init gtress in
nsterialys as well as the pomisaibl. increase in working
stress whon eartisiuzke forces Pvem the design, in Japan
are aimst the same as those provided for in Indls,

In spite of the high value of design selenic
cooff {ci wits, bulldings have guffered damage in past
sarthquakes even in Japan, Thig ig because the actual
groind accelerstion during an sarthquake 1a very high,
reagulting In greater struatursl responss during earthquake
shocks.

Tha Koyna accelerogram ig one of the stuongest
sver recorded from the point of view of psak ground acce~
leration, For the purpoge of design of structures to withe
stotd future earthquskes in thig area, it &g fmportsng ¢o
ow the damage to mthhﬂ were subjected dug to ground
roaex Maam e deted 8 5f Ma ovound vaohow,

wotion, The table No, 5, 3°2 gives ¥ correlation of Ground
accelaration and structural damage based on 3 survey Carrled

out after Koyne earthuake,

The peak grownd scselearetion recorvded on Xoyng
sccelemmgram wag 0, 63% ¢
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TABLE 4, 3

m——-—-———-—r—. L .’ e e T
Hetimated Ground Descxeiption of Structurel
acceleration | Damage (RGG)

ok » —

0,2 t0 0.3 g Plaster cratks in 2 gtorey buildings

0.3t 0,49 Hair cracks in a 2-gqtorey bullding,

Small extent of cracks at comers of
wme other bullding

C,at00,5¢ Ninor to MaJox cracking of cannt plaster

0S5 to 0,6 g Minor cracks

More than 0,86 g = Cracks indicetive of severe shaking

iy i) Nl

The following observations were made sbout the

behavibup of structurss in Royna azthquakan.

2,

Concrete Slab in front verandsh of a school building
wa-”S

withstood the ssrtiquake while the brick suffered
damage,

There was no continuity of relnforcement in 3 collapsed
beam of an RC. G building in Koynanagan

A reinforced connt concrete portal frame assembly hall
(167 x 6 sq.m) attached with Maruti temple, XKoynanagsr,
did not suffer sy dnage.

The tolgt tower at right ond of the Spillway of Koyna
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Dam, was a framed R C,G structure with ring b@m; at
floor levels. Even though the structure did not have
aseismic provisions iIn its desion, it withstood the
violent shaking well due to its inherent streigth
because of mono J.i.thi.cl action coupled with ductility,

8, Nev Koynanagar bridge which a reinforced concrets bemm
and slab type bridge, did not suffer any damage.R.C,
slab bridge resting on masonzy plllarg over stilling

bagin alao had no damage

6, There was a complete collapse of a2 semiecircular
mgonry culvert on Karad-Chiplun mad but half the
portion of the culvert was of glabltype and didnot

suffer damage

These Instances show that though the actual earth-
 quake forces were much highar than the desion earthauake,
vet moat of the bulldings withstood them with minor or 0o

damage.

This alg confimg the findings of the present
study where it hg been shown that R G G and steel building’
frames can withstand falirly high geigmlc coafficlents thov
originally they are designed only for vertical loads,

Birthquake zoning g largely a matter of pw)
and statisgtics. According to IS 1893:1970 $06 1 These
limits of intensity (the intensity referred here i me value
of selgmic coefficlents provided) have been récowmwemded for
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the purpogo of design but these linits need Mot necessarily
be alwayg the highest Intensgity that would occur anywhere
~within the zone It 14 possibly 1n pome Cases t?'nt arthe
Quake of nuch high intengity may occur at any particular
spot which ig wnpredictable The pmbadbilities, however,
are that & structure designed on the assumpbion that inten~
sity indicated for each zone isg about the maximum that 1s

likely % occur, would engire @ zeawnable amwni of safety.

In the present study (%n chapter 11, III and IV},
It hag bemn establighed that fairly high selemic coefficients
can be withgtood by buildings, at the yleld, in the inelastic
range and at ultimtu load respectively, Compared to thase,
the desion seimic coefficimts as given in the code are
very small, FHowever, as and whet @ major sarthquake occurs,
upgrading of zones becomes Necesmry,
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SCNCLUS IONG,  RECOMMENDAT RUNG AND EWCURE SQ0 PR OF THE STUK

1, QNGLUSICNG

1)

11)

184)

iv)

v)

vi)

vil)

Fox framed building In R.CG G or stesl upto 20
sto reys, eartiduake force may not be congidered for
design for Zone I and Zone IL

Barthquake foxce Nneed not be congidered for desipn,
upto six stoxeys in Zone I1I, upts five storeys in
Zone IV and upto 3 storeys in Zone V,

R.G G and stesl buildings upto three sto reys nensd
not be designed for eartisueke

Froquent sarthquake of selsmic coefficlent value
given in Table 2,4 can be withatood by the bulldings
without damage, with the buildings remining elastic

Buildings are safe for a mjor earthguake of selsmic
toofficient value given in Table A1 which may occur
only once in the life spen of the gtiucture The
builgings will enter the inelastic range, hence thers
will be damage, but total collapse will not ogour.

Ultimate load analysis gives result lower than that
obtained by the reduction factor aetind

Behaviour of R.G, G bulldings in the Koyna eartiduake
conflizm the finding of the presnt study that RG G
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framos originally designed only for vertical loads, can
sustain falrly high seismic coefficients.

REQOMMENDAT IONG

The desion selsnlc coefficlots given in the
code should be increased and put on a more rational basis.
Though increased seisnic coefficients would result in
increase of cost of building, nevertheless, the percen~
tage incresse In cost of building will not be vexy
high, PFor short bulldings, the desiogn Wil be govemed
by desd and live loads, Also beyond s certain height the
design fiay be ovemed by wind forces and the seisnmic
force may not sffect the design.  For buildings of
int ermedlate heights, the increase in cost will be
appro ximately as follows.

TABLE 4,1

-S-E " | “=% Incroase In cost
. | nc 28 2t g1l

0, 8 2% .

0. 10 7% X

G 15 12% ¥ 4

0, 20 20 X | 14%

Q25 1% 0%
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I the above computationg, of courge, the con.ldin-
tion of wind forces 1s taken into account,

2 W

The study was restricted o selgnic coefficient
method, The findings can be checked by mdal snalysis based
on the concept of average spectra or by dotailgd dynhenic
analyels baged on asctual gpectra conputed fonm expected
gmund motion, HNonalinear anslygis may be employed forx
the alove purpnse Purther the study can be exteided o
timber, brick and similar other congtyuction,
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Appendix »IX

The framed building chogen for lliugtration has
the following data

1)
11)
114)
iv)

v)
vi)

Ground Floor Plan (Pig A, L, 1)

Nusbgr of Storeys adove gmund level = 7
Halght of each t’barw- A2 n
Superitposed dead loads 1

a) Longitudinal extemal walls 3 20 ¢m thick B W,
b) Intemal Jong walle ¢ 10 em thick B W,
¢} Intemal partition walls t 10 en thick
light weight concrete st rate %00 kg/cm?
d) Roof Finigh = 340 Kg/m® Ploor finigh = 130 kg/m®

' Parapet at roof level = 20 ¢m ¢thick 78 om high

Concrete mix ¢ Beam and Slab MI%O
Columng M 280, M200, M1 %0 as Necessazy

Fyom the prelininaxy dniqnl?'z‘ the following
sizes of magndbers will be fond sufficient,

Thickness of glab = 13 cn
longitudingl beamg = 20 x 39 cm
Trangverse beamg = 40 x 60 cm
Qlumng EBxtemal = 40 x 50 cm
htemal w 4% x 43 ¢n
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loading.on Elaces

Cn terrace floor, the dead logd will be 700 ke¢/sqn

and live 10:621 will be 190 Kg/sqmu ©On typical floors,
the dead load will bg 90 Kg/ggm. and live load will by

2%0 Kg/uq.

laads on heams from. slab panels (Ko/m
The load distribution 1s agsumed as in Fig A 1. 2.

where m == "f'; and we wdl on glad In Ko/n  The
loading on supporting beamsg ( Kg/m) will work out as shown

MEMBER

iRy aapr/mak i

Fop Boam A
{ shozt Span Bean)

For Bean B
(long Span Beam )

TABLE A, 1,1

Equivalent Wd L /A  Equivalent & d, L/

run for mnputlng
st » Oﬂ

wihx

&

(aa'l"xtbf'

"-ﬁ‘-‘-)xb

s un for compue
tlng B In

&éa.
3

3' “‘%‘9

Calaations fox FLEMS fop heame

L, All bams are loaded with wd.l only,

2, All typlcal flocgs (Floor 1lst t0 6t have einllsr
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loading, Therefore F, & M. S, need be calculated for
(1) Ter:ace flooy beamg and (11) Typlcol floor besms, In
Fig Al 4 all mngts are glven in kom
Analyelis nf Erapes.for vertical Joads
The frames shall be anilysed for vertical loads
by Kani's sathod, Kani's method'> s a form of iterative
method which solves modifled form of slope deflection equations
by GausseSeldel method of iteration, |

A ecomputes pa gramne oi8 for computer analysis of
frames by Kani's mgthod i3 enclosed in Appendix IL The
pmgrame can be uged for malysis of fremes for vertical
loads, lateral loads ox thelr combinstions,

Flooywige loading on eolumg 1a ag followg for
four typlsel columse (1) G L 0 (11) ol q (14} &L o,
{(iv) L Gy o REFER TABLE ALY

To allow for varlous combination of live lboads with
the dead load, in order to produce maximum snd minimum mmnts
in beamg and columng, the two cycle nthod’, of momgnt d}.r-
tribution hag beet smployed

'mmm‘mmm
Out of the four dif¢ferent types of frumes analysed
paiviously, it is see) that the frames of the type A-B,
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-3800 L.L. FEM +3600

P

0-L.FEM +8700
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D.L.FEM
L.L.FEM

+10800
+ 1900
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FIG.A. 1.4 _ FEM.S FOR BEAMS FOR DIFFERENT FRAMES
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ﬂmﬁ
TABLE AL 3

FLOORVISE LOAD ON CQUUIMNS ( TCNNES)

ot i

Floop Level L B QL G QLD OlG

Terrace 10,8 132 J.!h 4 18,3
6th | 24,3 29.8 .0 36,0
Sth 3.9 46,0 _0.9 5.9
Ath 8.l 61, 6 63.2 68.9

- 3rd 6L9 76,8 779 84,0
2nd T7. 4 02,8 937 100, 7




%3
Max b mants in beams {Vartical Laade)
Frame &2-52 Ist Floor level

Dlw 21407 yo/en

_,.[LL = 800
Ay B
p— ~—7.%m
a
JABIE A 2. 4

Joint Number Ay Bﬁ
Span ‘ﬂ) (/%]
Digt, Pactors O 30 Q3R
Mid poiniPaetorg QL . 0, 65 |

QR 4 066
1L.D.LP &M {Kgn) ~10,000 +1.0,000
2.T.LF BMW{Kghd 13,800 + 8900 + 13800
3, Digtribut e and C.0 + 1370
(T.L.on span and «2200 + 21w
DL on adjacent

Span) + 14%0
4 Add (2)andl 3 «186, C00 + 18,900
5, Distribute * 4800 - 8100
6 Addl 4) ang (3) =11200 *+9700 #1CB00
(Max B, &)

DL B, M =81 00 47000 +7800
L LB- M. »3100 +2700 + 3000

(by pmportioning
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I
_!_'_gu 9.2’& at Ist Floor Level

D.F., for Desnms G, 3%
Jo fnt No, Ay
Top Colum 0, 3%
Digt. Pactorps
Pottom lum 0. 3%
1. T.L oV DL B B I4 »} 3800
2. Digt, and G0, 2200
3, Add (1) and (2 »140C0
Top Col. w600
4, Digtridbute
Bottom Col, BAOO
{ 53) N.Llﬂ Top G0} 15800
B, 4,
Bottom (ol 1%0
(111) Q28 L, 13 Top Ol, ACD
i
Bottom ol 400
(tv) DL, Top &1 4100
B, M.rj Bottom (o), A100

Note t B.M S, are in Xgm

xR
B
0, 34
T.L. Q34
+ 13800
+ 200
+ 1%00

1 800
1%00

& Bo
K
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=B,

suffer the myximm smount of lateml load mmants, Hence
it i proposed to restrict the study to thig frame only,

Further, out of all beans at various floor lavels,
the bean at gecond floor level carries the mximun monerts
wder vertical and lateral loadss Hence this bexmonly will
be exxntinegd for various combinationg of loading,

- Furthermy out of the four different types of colums
snalysed previougly, It 1s seen that the colum of the type
B, carries maximum axial losd, whils type A, tekes maximum
maents die to vertical and lateral loads. ‘towever, as the o ff-
ermce for the tw columg for the tw values being marginal, the
maxinum valugs will be taken, This eoclumn only will be examined
for the various ‘combinationg of loagding,

The design of this beam A,=B, at gecond floor level
and the colum A, B, fromgmund flooz to firet floox
level will be baged on the working stress method’s The desin
of firgt flooxr beam will bg tsken game as the second floor
beam, Thig bosw and the column will de designed for zong tem
of IS 18321962 and without wind loads.

Degign moments computed under varioug ased conditions
of loading aro shown in table below,

Mg ximun mwant for design will be 1.8 tn
For the size of the beam provided singly reinforced
section will be gufficiemt,



Gondition of Loading qma loamt W o

m

10 D‘.d Load (DQL) “811 +7OO .7.8

2, Norml Live loag =31 +2,7 -30
T |

3 oL+ NLL -1L2 +9.7 -1L,6

A

A THlo ameEEg = 14 Sacn

Provide five bors of 22 mm dia, to give

A, = 19 cm®

4
Curtail tenglily gteel ss shown In fig 28 A1, S

Minimum comprogiion stoel = Mw = 7,9 cul

Provide 2 bars of 22 mm dia to glve A, = 76 ¢m?

which may bo considered to satisfy the stove requirement,
Stesl at mid gpan Ay % Ta00x0, 68une —~ -2 143 5q cn

Provide 4 bars of 22 mm dia.

Chack for Sher
Shaar force = 9, 4% ¢

Max. Shear Stressm Eﬂ}d-— = 3%2%; s 4,6 Kg/em® <95
QK



*50-

U, Shear reinforcement 1y Not necossayy.
. Only nominal stirrups shall be provided,

. Pmovide 8 mm dla. 2L stps at 2B em ¢/c throughoud,

| ' AL
fbackfoctugd &y = T T " TeLsirn °33 ket
<6 GOK

The bars shall bo snelored by 94 cn into colum,

Dulgn:‘:f G lum BZ from G, F, torF.F. Level {Ref. Fig A, L 6 )

Size 4% x 45 ¢n  Mix MW

Moments and Direct loads On the Colums Theso are as follows
for Dead load + Nogmal ldve load (DL + N L L)

ot (X mmt“E)ad ) '
Max o s SO
56 0, 2 117, 3

"Y_Y is mall, it may be neglected and design based
on M, only (Uniaxial bending.

Providing equal steel on all four sides, Stesl re-
quirsd 1y found as 1.75%

A, = LT3 x102 4 45 x 45 = 38,4 ¢n?
Provide 8 bary of 295 mm di3 to give

A, = 2T cat |
H O B WAIVERSITY oF ROORTEE
ROGAYER h



wble

’ The desiey part ig thus completed In the Chapter II
the capacity of these sectiong to resist lateral loads for
increased stresses has ben investigated

Steel Sectiong?*2?

Beats Spans 7,38 M 1319000 kg F e Q42802 210,200 kg

P, = 165 ky/cn®  F = 948 ko/em®

319000 s
Design.for.hmding atress ¢ 4 reqd = SRS = 800 enm®
;.i...-'!"z.% Adopt 38 WB 330 at rate %9 kg/m

Ghek forShear twe 8ma A, = 0.8 x 350 » 28 cn®

£, = A%QQ = 354 kg/em® < 945 Kefem® QK
Cheek Declect o L3 LA zo..mi:r...axm)'_
ek for Declection & o Sozmy . 4s 304221 1051 8017

= 0,68 en
f-%-ﬁ?ﬁ'(ég S Safe

Adopt same section for all beanms .= 9953 end gay 10CO cm®

. My = 1640C00 Ko cmx 16,4 tn,

Coluang (1) M= %6 tm P=s 105 6t(Gr, Plr to lst Flo



wile
;‘:';- " & a 63 F‘ e 1113, % kg/cn®

Jed (208 L% 2,26 x 1,187 = 63

¢, = (10,100,0c0 x .,93.3 fuo.m :ﬁ,ﬁ-}: x1, 20
- (7340 T+ G 17| x 1.2 = 9800 Kg/cn®

Fb s 1922 kg/cm‘
Q
£, = fﬁ% e 9C0 Kg/en?

£, = f&%g e 312 kg/emd

£ ¢ ‘
| Ba .
o *Fg - TH%3 ¢4 = 0794+ Q205 0,099 <1 0K

Thig section glves 42, = 2030,9

P

lﬂp value = 2,04 L% " 2Mp Say.

(2) P=1265¢ Uw 7,2 tm
Try ISHB 30 @ 63 Ko/m

<L . S L 604 P . 1128 Kglenm?

:W 5829 8

Je Asmda & (2250067 +27,88x0.942] = 27,4 cu®



w83~

¢, = (10,100,000 "w 140,162 x 22‘6’7!‘1@,] xl,2

« (7600 SITG 225 | 22 = 10,600 Kg/cn?

Fb w 1529 'kg/c'm’

. &
= %5 = 085 Ko/em
fh- %%;i&; = 83% Kg’cﬂ'
£, f
. &
peg- £l + B . o1mwosa = 07203 <1 0K
Zp = 962,2 ﬂp of ol = ﬂp of Beam

The srrangemet ghown In Fig A, 1.7 may ther be toker with

M = 16,4 tn
P - v
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1000
200

201

10

il

Appendix 11

COMRUTER PRUGRAMME

FRAME ANALYSIS BY KANL 8 METHOD
DIMENS ION A( 12%0), B{ 300) ,STH 80) , SF{ 600) , 5(12%0)
READ 200, M,N,NC

FORMAT (313)

M ow MAN

J = MNeMN4H

READ 201,(s{ 7}, =1, J)
FOUMAT (14Fx, 3) '
LO 11 i=l,M

5Jn0

NleN+L

NLSaNiaN¢1

00 10 J=NL35,NL

stas{J)es)

8=, 57

DO 11 JalNLS, NL
Bl{J)=5J3#3{J)

HLSeM+ 1

J=1

DO 24 Ls] M

1} LaNA44,

MF=NIsN

Tl Jei



21

-

22

22

24

202

30

Ll=Nis+1

LUE S

Ka NLS ¢+ NIS

P (L.M) 22,21,21

$J e S(NLS) + S(L1) + S(I)
5J e =0, 8/5]

(:?s ,T?cﬁ?) 4+ sy +5€3y FST )
$Je .55

AT = s3xs(JD}

L2 = LN

A (12) « 81+ 5(d)

A (K} = SJ+S(NLS)

A(K +1) = ST#S{11)

NLS * NIS +1

J u J+l

IF {(J-NL) 20,20,24

NLS = NLs+}

J aw MN & I

READ 204, {sF(1),51,J3),{sIM D) ,1 1,14
FORMAT (org, 1)

Ja Ja=l

00 0 I=1,7,2

SF{(D o SF{ID + SE(I+1)
Ju AN + N& N

DO 40 I s 1,J



S${I) m O

00 8§ NK » ), NC
Ial

Jiu N+ 1}
NLS = NeN

SJ1 e STH(1)

DO %0 J = J1, NLS
STl = SJ1 +« 8{J)
Jw MN 4+ MB]
Lm )

SJ2 m STM {1s+})
NL a N#L

L1 e NL+ NL+ )
J1 = {NL+ N} 2
DO 51 K= L1,J1
92-5;124- 5( K)
"NLas NA#L

[l = NL+ H+ N+ X
Jl = Q «3XN

K wJ+ 1

NlS w J ¢ 2

MFw BIlal

87 w SF(MF) +5(J1)+ ${J) ¢ S(J +D+sN*B( N
I (L -M) 80, 61, 61
12w IeN

5] = SJ+ SJ24B(12) + 8(L1)

I = LN



61

71

80

S(L1) = SI+A(L)
N e d 4N

s(J1) = SJ¥AlNl)
S(K} = SIFA(K)
S{NLS) = SJ#A(NLS)
Ja Je2

la I+ )

IF ( I.NL} 7C,70,71
J=u J a2

L=a L+)

8Jl « 832

Ip{L.M) 7,70,8
CONT INUE

DO Gl Lw 1,4

ST = STM (L)

NL= N¥L

J1 w NL + LN
Ll w Jl « N¢ld
DOBO Ie L3, N}
2= 1IN

§7w 87 ¢+ (1) + S(L2)
NLS = NL &N + 1

DO 81 1« NLg, NL
KuNL+ I

1] =« KN



81

82

83
6a

gJ1 w» S(L1) ¢ S(K) + sT4B({Y)
s(Li) = s71 + s(L1)

5{(K) = SJ1 + 8(X)

Ial

J= N+ W+ 2

DO 84 L wl, M

NL = NALA2 »)

Ka J# 1

sJ = 8{K) + S5(K +1)

S{K) = ST + SF (F1) + S(K)

(K +1) » ST+ SP(X+ 2) -« SF{I+3) + 5(K'+])

Iuw 142

Ir { I -NL) 82,84, 8%
Iw J* 2

I= I+ 2

Jm N+ N+ 2

Jl = N+ Nel
NK= JL ¢ 1

NLS = MN » N

K=J

R=K+ 2

D0 100 I= 1, NIS, NK
S(K) = SK(I} ~SF (I+1)
I2= I+ J1

8 {L1) = SF(L2)



100

208
203
204
206

91

92
90
93

Ke K+ NK+ 2

Il =K+ J1

ARNCH 20%

PUNCH 203 (S( 1), I »1,N)

FORMAT (19H CLIUMN BASE MCMBN TS)
PORIAT (4216, &)

FORMAT( 3EL 6, &)

FORMAT({ ) 414 JOBT NWMBER |, I3)
Lul

093 La i M4

NL = N#L

K e NL N +1

DO 90 1« K,NL

Jl = NL+ I

L = Ji +N

PUNCH 206, I

I8{C M) 91,92,92

FUNCH 203, s{J), s{Ll), S{X31), s(J1)
GO TO 90

FUNCH 204, s8(.J), s(¥1), s{J1}
JmJ +2

J= J +2

GO TO 1000

BiD
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