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*arthquake is an Important  taportant consideration In the 
design of gmity d* Bch are located in sdiicsUy active 
sr.0 « Therefore tie dess *at be properly designed der 
taking Into account the probable, O1setc forces along with 
other lo a4*. 

Past as yell as cunt procedures Bch are ' $ed 
on asrnsdng a design aelaaic coefficient in the assido 
design of dss era entirely inadequate as they do net ,ice 
Into account the properties of the structure Its damping 
characteristics and ground action. 

Theoretical techniques such as bees analysis and 
the defiled analysis by finite sleent aithod can predict 
the behaviour of concrete gravity dot sub, ac ►t to earth 
quake accurately. y. The experimental teohnique of testing 
the models of gravity dans can be used to verify the beta 
viour calculated th.or,ticsUy, 

The IS code for sarthquake resistant design of 
structures are under constant revision from time to Use 
(1966, 1970 and 197+) , The dynsaic ioits end *bear 
distribution a. given by thane codas +ern ccapar d 4th 
the one obtained by gaetc analysts (proposed after 
care 4 ng out dynamic analysts  of a number of patio 
ce dam profiles) # show that the latest a 	on (IS code 



197).) is  sort rational as the ibt and shear distribu. 
tion tsilys ve will with d 	o analysis. Therefore 
the . Is code of 1972. can be used with sore confidence 
In pr a;ntz7 design of major dams* For final desi 
however , detailed dynamic analysis sboul4 be used 

The hydrodynamia shears and acamtv as given  
the approximate foraulac In 10 codes (1986 1970 and 1974) 
over-+itiits the vales carer the as tal. The percentage 
of over iti atlo 1■ 5). per cent at 10 pr r coat depth to 2.2 
per cent at bottois i t case of bydrodyn.rntc went and the 
saw* ii 1% per cent and sara per cent in a"* of hydro. 
dnsaic shear. Correct Distribution of bydrodynsaio auent  
and shear is proposed4 

i4gbt Wight structural sys  tern std be provided 
at t' . top of the dat to reduce tensile stresses at the top.. 
The upstream face of the des std be kept sloping instead 
of vertical, To reduce Virile stresses at top;  y Abrupt 
changes In the slopes of the dat should be avoided by pro* 
vidins proper transitions or fh lots to rice conaint.  
ration of tensile stresses. Tb. theoretical t dbn1ques cf 
mosaic analysis of dam have bean turd to be adequate 
in predicting ' . 4t behaviour of dam subjec tsd to girth. 
quake. The axpeririental techniques of testing of aodr]s 
of dam on Oa.* table are used to verity the theoretical 
*`#*2$1i. 
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I T .00 VC 2 Z OW 

1.1 NZ 

Cones t* grsVit7 dams uully toni an import 

element of rultipurpose projects e.g. b7droovsro  irriga-
tion ad Mod control. Zn Zia a e'er of river vaU r 
proects are bt:g token up.. The gravity was need a huge 
anount of invest* ant. Therefore the d sea t oni would 
have to be desi gned •pr+ psrl r after 	it g Into account 
the forces that would be ac ri j . 'on it*  Amongst the other 
forces ac Ling on the darn1  earthquake for** is an important 
one governing Its stabi1ityo  T s is more true If the 
is located In a seismically active, area. I ce the its 
located in seismically active areas would be sul4 tad 
to dynaitc forces caused by earthquakes* It is therefore 
essential that these dsms should be designed taking Into 
account the anticipated earthquake &oroes so that theycan 
safes withstand future *'hooks without serious dsmags 
Since the failure of a d Is such more disastrous to a 

+ q ty than that of any other stru ture0 The observed 
behaviour of ors darn Ong the earthquake of Dsgsber 111 
1967,  ind I tes that gravity dame would  uld ezpected to sua i t 
comparable damage ding filar earthquake, Therefore Ott. 

most oars is necessary to account for the seismic foros r 
in the design of gr vIty t $ , 



. 2 . 

Post as vsU as current practices for t* design 

of duo troa a Sic point of view are based on aut p 
tion of a design seismic oefticient Thus the seismic 
forces are accounted for as sq4ve]ent static 	.o The 
Inc an stsnc rd code$ of earthquake resist design of 
duo is revised froa. tia. to time r  (1966, 1970 , and 19fls) o. The 
provisionS of 1966 to code are entirely inadequate in at ima 
Ling dynamic Dente and sheared, The 18 cOds of 1970 is 

bit improved over t 	1966 code in that it is first time 
recognised that t accelerations  at the top of tie dam 
are more than these at bottom and thus the 1970 code ape. 

fees a triangulur variston of design seismic cosh . 
dent from top to bottom * the 18 coda of 197+  differ 
ontiatis ror tl* first tin betWeofl high dams (more than 

100 a b& t) and by des (a than 100 m height) and 
spumes twc approaches for aseismic design viz # the 
Response sped Approach in on** of high dame and the 
seismic Coefficient Method in o* of by dual. The 

provisions of different 18 codes as regards b dynamic 
moment and sb.er distribution are compared i4th those given 
by dynamic eni3ysts for ,fir cases of darn heights of Std 

0 

lOom # 10 a and 200 a*  It is Sound that tm 18 Cade of 
194 gives a realistic distribution  o f dynamic moments 
end shy rich Is very close to the one given by  



ho apps eta fo3u1ao Livon by tho varlonL 

X13 co ca (i%t v 1970 and 19O for ca1ou1citi 	s ►. 
dy nic a1OOr C. w ont tioro vorttio4 and it to 
that tho acnupUontbat tho 1 d'ody,cariic c oar and 

Dont coot ', o nta co conatant over tho dopth of tho 
rcDO Oir La not Coa rQct. Zn caao of prod, n i c t!o~ac to 

y~ 
 of  As~q ~1,~ 

tho po• ocnta o o~4~ orror o V a Lacc f~6Mm ̂ ibich as +5` paz' ocnt 

at a depth at 10 pop cent gm the corvoir ttor otwfaoo 

to cc 10w cc +2.2 pr cant at the bates oT tI r € 
vOtr• lay .eaaa of hyd 	mic ahcar the values obtained 
r= t fo! x *1 tvcn, in 18 Code orr on hihoz' aide. 

The po t taco error at bottom in nil and It i.c amt 
+n5 par cent at a point Bch is at a depth to pax ' 
o c dc)th blotr tho ror o iotr t'tor nrfcco. Thuo the 

by&'odynamto onentO and ohoaro ao ivori by tin Xø Code 
foulao tro on a hthor atc o than th000 1.von bj. tboo 
tied nalyaic. Co ►cot dint bution of hydrodynwio 
r3oont and nitar io propo Jo4. 

A.2 OflL1ti3 OF D 13 1 TIODU 

r or ii doaLo troth a c t. l z'oioi of current 

doo1;Gn procodzro a ptcd In the doo3n of d fron oaiornte 

point of v .o. 2bo current procedure to calculate the 
dynamicc tocnto cud ain are and the bydxo4y7umic proonure 
to proonto4. 



Chap r" in dsds 4th the 	 ua and e * 

ents] techniques for estiattng the dyn o behaviour of 
WVit7 4. ' r two theorstiosi techniques vi the bees 

method and the finite -element iy* We been reviewed. 
The notbod of n*ido meting of grater ds On shake 
table to writ' its behaves as prr ct*4 by the theora.. 
octal techniqueS. is bni.f2discuisad  

Chapter IV presents a mpartson of dynesic 
prat and shear distribution In case at tcur seZected 

daaprotU.as4th a 0  1 * 1 saM 200 a hdght 

and 	 tree .Slope 0.8 1 1 and vertical upitresa face 
as calculated by the proviaions of the different Indian 
Standard Cow of stbqu.to Distant design ItrUc. 
tune (183 1893 of 1966, 1970 and 19). ). Thusa went 
and $hear d1str1butons are c p r.d i4th the dynamic 
analj*ia* The forma. for dstz3.nins hdrodnemio shut 	

I 
and *C1ant 	v+ t in various 16 codas are verified, The 
bydvW amla 	as ;even by the torau2a in 16 codes 

e bisher than actual by about 511i pet o f at 10 pet cent 
depth and by about 2.2 "r cent at bottc t of reservoir. 

The corresponding tiur.s in case of hjdrodinasic shear 
are 1 per cent SM sero . A Corr t distribution of 
hydrod7nsaic accent and *bear diitrtbztioi is proposed. 



Cbcptoz V dct1u trite tho cienitcont roaulto  

obtcinot bW Variouo nvo3thjQtor13o for atud'inG tho 
d 	o bob?i.our of a nuDt oz of gravity 4c ooci one 
t eorouenI17 and age 	tzzy ,, Tho offoot of ro*  
VOI2 v itor ci vort1ca1 card notion on tbo d'nato 
ia,porsa of t d is is oed, The thportanoo of win& 

IiIjIt c: t o t< t t top of data is- to x od o th tcnsi o 
t3 r +aa at tho top of th dc 	brought  out. 2ho offoot 
of abrupt a anj o 1Ln do ta 	face Hopes of tbh 

to dicouooad. Tho oftc+ Q f ►ping'u of .tea taco of tho 
dix is dioowoed. The adouao7 ado 	 of thooroticai tochr qu= 
of d; 	c ano to to cwwa 

Oft 
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2.1 ME 

zv .ty clan sU tzno . jhoo 'orcoc co b?ory divided 
into 4vi.ro x.~ n i at000r2 oo for tho p rpWo of d # i what' o 

nofoUo 

A tor3t ► 	Let 

oho nra tho 1Qc&3web ns'o cif nci tngj on tho  
dcri. 	1oy nrof tbo tIO±C1,t, of 	aid ttoa oz'tiicturo 0 

tho : : to * PrOOMWS 	o ondinC to ' io no o ioio1 
omt u12.ft. Tho tobt of tho dzic card a orotruatu1ó can  
bo dot zinod to ci fair  	omciW o axiount of aoou 	, 
O:rilarly tbo star promo cnn bo dotorn f s 

»+:'ta 	„•: i.l 	— .a 	'# 	s 	*' 	Ota'+a 	i 	g 	s 	a • xsf~. aa'. ►l • 

*' 	 11 	Z ja x i]i 	sr.ii a 	♦ .'y9a_. 	♦ 9i0 Aia . 	♦ 	Kr 

•. r 1 f~ i r 

T mm loodo nra th000 tbicb nra oce otoncl in natwo 

and ubtc nra not .tea accts on toodat. ah rc ura$ 
va 

 
pwoacnrov alit Zocid0 5co that and othqncko torco. 

ThO oarthqwto Loren la tin moat 	►zit of thc cU, 

1ut0 nouotoi7 LID oc b 	o foroos ozo not prooiOoiy  
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pr dicts#ii, The .tf zt of the e*rtbquake on the resenci 
des syste* is to fold* First$  as the gz'owd vibrates the 
des r so Vibrates .giving rise to the inertia. torcea,. S ondly# 
the reservoir also vibrates # . ng rise to the hydrodyne4* 

o pressuroø. The two forces Le, the iii rtisZ force and 
the h drodynezaic preesuare are discussed bel0ws 

2.2  	SCI 

The indian 8tandard c .t. a h  *2)  for Zarthquake 

resistant Design of St of 	(18% 1893 ,, of 1966 end 19 0) 
specify a bsc l+issic coefficient (at,) for each of the 
seisdo zones in which the country is diva 

The horizontal seismic *oef1 ici t +h as specified 
by the IS;1893 of 1966 end th S; 1893 of 1970 is as 
given in Fig. 2#1 below 

2r 
DAN TUB'  

r Reighi 

(a) 18:1893 of 1966 

1 Distribution► . 8ttsmio Costficientj along 
height of des, 
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T sttect of Vertical earthquake acceleration 
is to change tbp unit aright of water and coit amt.. 
acceleration upwards increaseS the weight and an acoèlsra* 
tion downwards:  decreer the weight. The v ti cal and 
horizontal forces aid moments conputed for t1 ands 
without earthquake sffect are _ u itip •d by the motor 
(' 	to inclUdø effect of .  vertical acts r ration, The 
vertica3 leis iio coefficient a% Shaall be taken as half 
of the horizontal seismic coe fficient at any point scc ordd 

tng to both the IC codes(1,2)  

The uplift is assumed to be unaffected by the 
earths, according to both the T8 Coder r2) 9 The dam. 
tion of earthquake is too short to p5]. t building up 
of pore pressure In U#s concrete and 1 undatiofl(1  

Parim,ntal end analytical aethois irdic ate that 

an earthquake eccel ration is one bait as effective In 
silt or soil masses as it is in wets 1,2 ,. This is due 
to the internal sheer resistaoe of the silt. Since 
the unit Wight of rater is also approximately one.4tait 
that of silt, it is suf alant to determine the increase 
in silt pressure as it the water to extended to the base 
of the dart o  This Increase to then added to the itatio 

silt p .sures(1s2), 



."9. 

The U, *S.8 , ,~ ~ } rcC5sndi that the earthQuake 
loadings shou2:d be selected after consideration of thi ) 
zontal and Vertical. accelerations which sir be xsasaneb y 
expected at a particular alto# These are determined froei the 
gaologr of t e site,, proatmitt to major faultet the previo 
earthquake history of the rag on aid such ietimio records  
as an sa .. a(10) *, it 	; ages us. of rq for vn bor.. 
zonta . and vertical. seismic coefficient along the ebeight 
of the d*(' O, ) . ma joint ,mcusoow Cos tt+ "') states 

that there an different pra tines in the United States 
as ragas the earth• fórea#. Daisrdo forces are genera'. 
fly considered in areas where there has boon n history 
of aeiaaic acti ty( . Oeiezzto effects are spplisd as 

loads on the dam and are cited troa the con to 
inertia " 'ate due to acceleration. Win. as .zonta+ aeoeløra. 
time rang upto O wlg are used. •Binds# Creagusr and ] istin (3) 

also recomend a unUori seismic  acaele ation along the height 
of the 	The inertia force is assumed to act throughthe 
canna at gravity of the section being coneiderad .( 3 

Thus in, ate. the pious 3 b c tion C , 3I 0th ' ) 

it as a comou practice to use a ifoM seismic coefficient 
all slongths height of tie dan. The 10 cods of 19 for 

the first time .specifies a triangular Variation or seismic 
coefficient along tie height of the dam, 7cr calculation  
of inertia forces the dam Is divided into a nurnbaz of 

horizontallydivided sections aid the veight of each 



tow 

i+otion to found out. The weight of the swction uvu3tiplied 

by the eis .c ooetl cLeat at the centre of gravity of the 
mtln gives the  insrt4► force eating on the section. The 
iu1ntive total of t1 o r inertial forces from top to bottom  

of the section giver the dy,amio shear and a of the mocant 
of these inertial forces about the contra of gravity of the 
section under consideration gives the dynamic to ent. 

The *r different approaches for the determination 
of the bydrodynamtc prernure. The nature of water prsssure 
caused by earth uake may be represented by a curve the true 
equation of *Loh is cops. . Davis 	assumed this curve to 
approximate an "pap& w rg .rd(6)  determined that the 
hy'drodynatic pressure cue approached a parabola. But ,the 
fame giver by bin ore applicable to derss 4th vertical 
upstreaza face only. It has been sbovn by Gotmibo 8  that 
West rya's solution is valid only when the pared of 
harmonic exaltationis grater than the fundanentz4 naturQL 
Period of the reservoir. 

Betz and Near(?)  denonstreted. that it the 
reservoir is of finite length in the upstroatn diroc.ticm ,0 

the pressure increase is not more than 0..5 fbr W 7 2 . 

11bera. I is the length of fib$ reservoir and 6 the depth 
of the reservoir.  it the upstream end of tts reservoir is 

assumed to vibrate with the mound, the effect of length 



i 

js n guSible  for U ) 3 . Zt hu eisa been *hove 
timt the V"Osura respors is not senaiUvs to reservoir  
length. Xt ;sy be sei d in pracoticel s tuatlons$a for 

reservoir •xtoidfl to large distances # the length of tbo 
reservoir may be than as infinite 4tbont introducing 

such error". 

The most wtdci used fouls for the 4eterinetion 

of tia 	o#neitic pr sure ers those given y z x(12) 
The Z*n 's 	a rye are buss' on the r surnptions that 
the vatar is incompressibZ.# only ho?izontrni earthquake is 

constd.red du is a3Th3d to behave as a rigid body1 
rt qu&a is assumed to srdbfut itself as a bauonXo 
tion # and the dispiaeeext s are assumed to be small. The 

1 code of 1 %( 1̀ 2)  end 1970  both specify the use of 

aas* s tom. o for tuna on of hrodynemic Prow- 
nra. .Tbe h$rodynemio p 	s 	a at any d tb 7 below the 
reservoir Is given by 

a 
	

(2.1) 

vhs $ P*  is the bydrodnarnc pressure In IVm2  at depth 7 I 

C the coetfioJw at vhiob varies wIth shape and depth, % the 
borizontal seismic Co.f e.nt(* 2%) 	, w the unit weight 
of water in kgft 3  snd b the depth of reservoir In a* for 
accurate determination of the value of 'C' the 18 Code*' 
of 1966 and 1 0 prcide curves for irious shapes of the 
upstream face of t' dam and depths hicb may be used. The 

(112) 
approximatevalue Of SOS' may b3 obtained by 
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Ca 	 T 	a 	 I 
CLrt2' ~► 	(2.2) r 

vbsrs, 0. Is the rnaidwn vales of c,h the depth of the rss. 
voir in a and 7 the depth b ow the reservoir *face 
A O U • of the U1XWD V 	Of C .o* . against the 
inclination of the upstreaa tacø of the dais vitb the vier. 

tick is given in the two 18 Codes' for caeec of the 
dam where the upstream face has a c 	nt slope • It th 
gip, of the upstream tae, is not constant then for the 
case rte. the 'fir i at of the vertical upstream face of the 
dam is +ice to or ate . than hilt the total height of 
the 8aa then the dam is ana]sed as It upstream face is 
vertical 'brut. It baser, the height of the vertical  
portion Of t upstream face of the +cam to lose than one 

It of the total height of the dam, is pressure sure on the 
sloping line connecting the point of intersection  of the 
upstream Saco of the daas without the reservoir surface g.tb 
the point of intersection of the upstream face of the daia 
with the foundation. The approximate values of the Vital 
horizontal Sher aid aoasnt about the centre of gravity of s 
section due to hydrodynamic pressure , are given by 

V s 0..726 Ps 7 	 (2.3)  
H s 0.299 Pc 72 92*4) 

where V and H are the bydrodynamic shear and moment ree.► 
p etiv.ly at depth y below the reservoir depth. 



Sim* the bydrod 	q pressure act* nozinsi to 
the face of the darns there sba1i the tore,, be a Vertic 
oo1pQnsnt of this 	a if the face of the 	gatnst 
vhio'b It is acting is sloping, the magnitude at mr borL. 
zontal section Is given by 

(2J) 
i.he, V is the incre • (or deareue) in vertical ocpo  
u*nt of load in kg due to h3r41'odynarnio force, V the 

total shear In kg due to horizontal conponent of hydra. 
dynamic forte at the slevation of the sac. ion being cons 
sidsr.d V1  the total shear In kg duo to horizort el corn* 
ponent of :rwrsdnswic toroe at the elevation at which the 
elope of the dam face cenoesi and 	the aflgls 1 t 	. 
the fao of the dam and the vertical , Th. a+*snt due to 
the vertical eceponsut of tie resercoir and t«1. water 
load say be obtained dstsriining. • the i.v.L am 
the cent id of the 	 P2)  

?„4 D1 C CX s8 OF PMSIWt Pa sDUi 

As dXscussed already the Assent desigb prooedur. 
tests earthquake forces asequivalent static forces., Th.+ 5e 
aeth 	are entirely inadequate for .stixsting the correct 
stresses cased by earthquake forces in the gravityy darns. 
These motbods disregard the properties of the structure 
and the nature of ,maid lotion.. The seismic  efficit t 
z tbods lack any do l Justification. ?he beb*vioUP  



of to a derz durinE the .stbqueke of Deeiber 11, 1967 
has 

 
amply pied tha ifl*d.qu*cy of the prsssnt 4.sigi  

proo*dur s for essdsmio design  of gravity dns. Th.r~rto"t 
the ideals co. tioient methods may be adequate for resign 
of less Important struotw'ei Iarsated in areas Bch axe not 
via it*S by saver. earthquakes • But these methods are 
not adequate for designing more Important deal located In 
sejimicolly active was;: For these dam detailed ynsmic 
analysis may be x's ortsde, 



ft 

ILYflCiL ADD WTtLT O MQ OF MAIMIS Fi US Jl = 

3.1 Ii RODUMOV 

t 'e+ 	rm. 	*~~;c•s t 	cry r 	~.e 	ax ~. ~. 

2ithD aro Oaparatod b tr3nnorco contraction 4oIntoo thc3o 
ja to aro G o: a y noit' or koy'o4 fOV4 crotatc . Thorofozo  
tho ortornL load .o tzxnIn1tta1 vortioo1Li to the tOun4x 
man and flO LOZd jo trnoiittod toriEonthUy to the utncztn, 

i s r o o t aro troo to vib to in4ocndnt of one another. 
the atabi lty of ndividanZ ionolttu tU io an 4oc 

of othbiLity of the uo10 of tcta o. The tip ama1 icai zcotho&  
of dynct4o enelyote vis• he bozun iothod cn4 the do ilctt 
anC 7t tI Sias f±ntto a.1s1+ nt tat .od tc e into account the 

r 	p aw+ of OtZlQCtWos i' 	t2Pifhi ala~cz a$oZ'i13* 
tico and tb nature of around motion • Th roforay they cz o 

poeb3o aver the proeant pDcado otatte note, 

3.2 D t AUJZ8IG 

aoo the dcm la t --amid ,.aid vorticol centUovor 
zod at tbo boo.. Tho Vibration of the 4ax t an+ rco 

to ito amts cur only r be taken into account in thin otbo4,. 
t to not p000iblo to otudy the of cot  . of vertical gip► 

not of aid motion on the dynatøio behaviour of the dtn 

In this nzothod. For the do,inn of the coction of the 



it in flOOiXiOc7 to lz ,i tto goioco to ith it t1d 'tea 

obJootca. 	.DI tho orcc tho VtoCc3 CU OQts41Y bo 
oioi1ztc. Tbc Otero t3t o oting t10 4painoionta i 

c na vbrero 4. bo ciocto-c hax'a. io to e3 of tho 
iciuod to btcvø 44nor1y à3aotic, An tho t,1dt  

or tho lBrcvity di in ciificont in co1pnIthon to itC  

bcbto abonr i nd tn? nQrtin 4ofovntiona aro uucc 
13y co 3idoi in Gitton to bndin d `o xtiono 0 

U$nution of the tmt't 'c 	'o+ 	Ql wd nodo chopon of 'ti o 
do 	no3eo n jcn c It uaIzo ro rxoo npoeo zo for o 	. 

ntimj t o+ " `i quoltC ronponno of the dot in Its vnriowi 

EJO 2OQo (hoo it in ncocxcn 	the &m)ina otinront.  
oriotico of the c2c4 ond ftnnfly combination of the rooponno 
cn in, the vorioun naturn3 c.on of vibration of the d& o. 
hcoo Otopo emzid be diocuonsd.. bolo 

a 	s 	s 	° r 	.' rs a ~~ 	se. ► 0 3` ~,g n 	• 	i• w fn1~, 

010 4otaw,n f 	he CQCO of t OO 1dC9Od Uibretiono a The 
c2 .o of motion for free vibrntionn c onoi4ortne bond nC 
chonr and ,otnry ino ,# offocto stn be u tton (2 D2) 

a 
L 

A 	
t3► 

,sit 	
- 

tiff i  
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In t b t c bovo ogmttono 1 10 tbo tot do oot ong 
10 4ofiocton duo to bofl4inC, 70  to tho 4ofloctton 4uo 

to oboorg  Z the dtotonaø wc3ouz'oi along the botabto t tho 
to variable$  8 tbo uodi uo" 'of 1coticit of the do cntarialf. 
0 	the coca 	+ 	*ter of the bom 	to cx A the of 
CZO3Q.0OCUOfl of the boem , X 	the ecøcmt of inorttu of roc 

tiozi about Its n tr 1. a o : I the ohcq a teeter, 

4o the c ol3oottou of the d to flak i ito 

eira the ho 8ht card 	' hove carbttrery veriotion o ` alopc , 
0 theorotico oo.ution of oquttiona 3.1 end 3.2 t0 ozezt 

p000t io to obt In Thz3otc1 tocbruco ozo toy& to o.• 
ve at the cotatton and thin is coat matted for s t tF 
G C ital Oomputo t. In oador to cpp the r aodee . toO 
zatuoQ, It to floCCOOC to XO7)1000 the oontinzouo 0YOtC  

br e 2tooroto oyatc. Tb2. in dono by divtdtnt, the dor Into 
a conveni t nor of coicrnto,'2ho rn000co of tho coo 
uonto aro upod et the contro of the oo c t, - Thirso 
. ate rc a ore coewod to be coated b r motto 
o1eionto be1tnO the pzaoortton of the otno1 eta 
tore. Uc1or froo bzottona, the o71tt Vlbretee 

nicer' • J typtoe 	oroto o t ► to ohoui in qj. 3.1 
The ah=0 ctz ant and dof.oetton diQarj for ouch a nyotci  
era choun in Flow 3.2.. 
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} 	 Is 
for sue, a discrete 17steme1 if p is the natural 

freqncy of vibration, the Va11*3Df 	►nte lp shears 0 and 
d.flsctions at an nth Point mass in term of an a 'i)th 

pant sass are given by Falling oraulas  

vn 	W - V 	+ %I 	1_ 	 3. 

mu 	~► " V(Ax)1 " (01) ( ) p►2(Qb) l 	(3,4) 

2. 	% n. 

(: 	ri . 	n 	n.1nne1 
(3.6) 

y 	M 	a »i" 	 (3.7)
• 	 0 

whir., 

V e sear force 
14 . z~ went 
Oy = Bending slope 
I w Total deflection 

b̀ is andtng deflection 

yo s aflsotion tote to shear 
P * circular natural treuncy In radians per second 

length of the se pent 
I ■ moment of inertia about neutral azis 

A 	Bass Onsity 
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c otp factor 
d 	s a of o zs 000tion 

1D I 	t1 o mOIDO point nubo  

Thung It tho Vr aOD of Oboal, t]Oont o go 
dof1octton Ct o Darticu2ar 000tton for an froauoney p aro 

Znovn o It to poi 	to find out tho CO cap=din,[, 	i' 
ttoo of the nozc oocttou by uotnt o t t c3 (3. to 

(3.8) • At tho bcioop Tho cam ia co idoarod to bo fizcd. 
Tonco tt~o 01090 %% and dofoo .cno orb end VS QIo OX1O. 

To r .vo at tho troular noturaL frocuoro7 of 

fz'oo vibrations of o dar3 o trio, and orxor procedure le 
wood. 1 tr1 t 1 	 vriuo of p Day p1 is o'1 on, ;t cloDo , 0c0 
to tho tundaonto1 natal frouonoy eon bo zado by u t tj 
tho 	IcidWo g. nctplo(2,* 7 It to tirat c anumod that 
a groat 11' (t con be t 'ixon unity for con o tone o) and 
zero uoi b o .vtc at tho boo and tho area' and nam 
of the froo end carp ovaluatod. Lot tb000 bo  
It, to turtbor csuuod that a oent tf (it ocin bo trilton 
untt r for cc o of comml nao ► and Toro otiocir ortoto at 
tbo 'bzoo and tho obcar and t o ant at the frog and coo 
mCmin cVo.luatodq Lot th000 be 133 and X 4 I3o 	U ' 'Vb 
and t 	are tbo cctutl Moo and ooziont at tho baoo,thon 
tho eor'oopondinx3 uantStioo at the free end are lion 
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o 	,~ b 	 (3.9) 

t 

Vo it tho voluo of p o mzob that It cqnoi600  

t tb *no of tbo. aatU1Oi frO12OnCiCO of tho oy t 	t1ici 
Va and a touid both bo evo to or►. 'hat to tho 

dotozainant  

Zr gonocii, I v d not bo nat o to ncro tho 
vt a of p aarrceUyt U+oc tor, var. 	Voluoc aro arbi ro 

y aoalmod to p a a tho c1u of tho dotozint A  
c lCul tod. 	. tvo r ueooaoivoly obooc i voices of p for 
web 1 ohangoo a p Ivor ono cor d volUo of froqncmc r  
to o botoon tb .. Br ► t ng tho oiuoc of 2 
varata~ A ou1+d c vo a auro ao cbom In 1ro Ilo. 3.3 

I 

 

FIG. NO. 3.3 
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F3 oj4 to iUtOoQ 'mom of to 	a " tt tho V2  ci1h 17 

tntoOiction a cOara oosrco VOIAAO of tbo f oq ncy to 
cast od cM tho p cow zopontod tLU tho doto ir: it 
practtanU vat obco, T, a eo aot vniuo of tbo from 

orio t to obtolnod and tho cc upon n 1ofoctod at ; o 
of tho cy'Dte !i ivco tb ofd} obc,po. 

the va oiw V1u of t ►o natuxt fxoquon 
oioo on4 no6o o ac of Aso dora ore obtainod. The ZO it  
otop to to 	the rooponoe of the doD to the cza ' qudzo 
oitctiono., TaOo z'c orOo3 zmy bo 	ohoars oo ent, 
dofootions o 	, It the pz'caino iofo of a euttablo 

a000zoGr1n ,at tbo alto of tho dcti is ØVOIIObZO D  than the 
opoz 3o of tho dcm can be obtained by inG ca2o t ►o• 

oOttton tccini quo.. Eotcvor ouch toabntqucc Oro uoue11 
toga time coneutimj end aro not aozorciIiyr Deco a In 

order.  to Sot at to zipprosi ato bahaviour of the don in 
the 'mat nniyoio. Ran ponao in each coda to obtotnoo 
by Ling the rooponoe opoctro of the orthquokco. bio in 
obtainod nod Mora quit 	caa the rcaponoo opt tra of the 

i oot o tbq cci are a' ai ablo In 1i o tutu 	0  In tha 
ab onoe Of the ectuai ac o r c c at the tit: of the 

dcn avorasjo apoctm(2701)  crn be uciod. notiina the 
.fro ca in each modo the total prob3 o i oopowo in obt' 
ainad by Uink the root coon ouaz'o critor4Lon of ct Ana 



I3o mo onOcD In tbQ c 	c0403. o ponac Ob t c 

o, a 4yzcrr4c do21cc tonx3g dynaaa Qotionto, cad dync.t.c 

o1ocro. Tho opzozw2ona u3od for co1c1ating tbo cos 
poico IT OOh codo Esc 

(3012) 

C f a 4$ 	(3.13) 

vi 	 (3.1) 

(3. 

and 
(3.1G 

t horo  
1 od0 obapo coofftotot 

	

E, Ms 	. 	alOo oto tooc 

	

p 	char ntzzc1 frO wDa 

	

i 	to to ba coned from tho to of to 

	

621 	D d otcnca btoon tho dtoo'oto rjcoco 

	

a 	rnznbo ' of 6ocroto ca000c 
►~,c Ott pert3cpot.on ftcr 
ad a opootr di ucc. oUt 
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Tbo total probblo 0000 10 obt, nod by 

it 	 2 AT 	 A 1 	 (3.1?) 

t,bo 0. 
A T a total probblo roipono of quont oo Lttto 

oboar giant and pizecmcn 
a tho cponoo CorrpOndifl to Ct UQflU$7  

tbo 	 mock 
nbOrOodctqbocbOcon. 

Ctnco t tø !rtoa that itto tb aonttbixton of tho ,rl 

o that to ncc000axy to cbtno tho reoporc of 
all t. Oro o8ot or tho &iti, ho =, r of riodao to bo 

binad 10 uouolly z olectod 	co that tho bi(Sbcot fro 
guonG7 of t o & o of tho ardor of 20 cs 	a/ooe. or tho 
oTortoototo8 2o of tho ardor of 0,O5 cocoa.. 

'ho pock reoponaozi of otructura . oyvtci (ccizivrnod 
to bo tricsr o1rzlo do oo of Mod= 	t ) utCfl ilott.  
od acratnat tho r tuml porrodc. of vibration for vctrtou 
vcluoo of dcptna aro IxrtOfl an 'coprnoo opectra. Thcoo 
rcQmc ooy bo tbo c 	610PI-oc ont of tbo CaQ0 ttb 
roapo t to tbo bcco e C tood cc the opoo z'oi dioplciczcnont 
S4) j or tho Dais volootty of tho toot ro&ittio to tho 

O -C tOd 00 O CO t01 volooit 	or ::j the 



c a to ococwation of the iaaro (to od as cpc tom. 

aoc .orctton 	1' he eo noo opoc=-* a cro uuc 
obtain 8 ' ' uaLna uoricci tocni4uoc titth the help of 
high .flpo4 digttcl oo t.or.. Such tochntuo era 
t 	(29t ') * or .mat .on the worded acco1oroirciu 
of the 	a;a flrtbu1to of Doc bor 11 # 1967 a i tvon 

in" Figs 3. +• Tho rponao cpoo tra obtaino4by nuoiccl  

to i uon fro1n the awe ocoiororcii, 	errs givoz in 
Via* 3,5. 0 

1r oo1ouInUon of voiouo rponcos of the 

dc duo to Ground Cotton It a recorded occolo'ooran la avc i 
is O for the Otto in ceac of pac'z oartb u o the o o can 
be uoid. That ouch oitution io rni,o Zn ouch a coo tho 
+d' oraGtr Opec tra obtain d by Uouonor(2?) and 	 fit 
by tho Z6 c0d0(1D2D5can be iccd.. But t tbcco apc ctra 
uouSi not bo uofu1 for optcontrai r0c1iOflQ 333 , S '' .*, 
,oat datahoor is not cvai1ao oo en to i2it to 

roocondatXon of a cot of Chard opectra for Optoontrel.  
rotono, The avoxaco cpoctre co given by 	nc•. can be 

od only for the alto Adob to about 20 otZoo or Coro 
fto tho optCoutro 	The valuon do . ptnr, can be  
.oto 	o4 oporXciou to i, ►, 

3*4 DE XW MIALYGTO UO O I111E !: ' t~ flOD 

Tho 3trcscQ are calculated  in bonding, 
theory in eeec of bores unalycie ch aooa oo a linear 
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vriitio2 of of 'cvooc c ora o tho utcith of tbo +9c. 3ut 
in actnnl px etico the otvoon d1otvibation to c .ff orcx t 
than 3.inoar bOCOUIO tho c ss Co tionol. dttIcnalons o ` the  
dew ore otnifLecnt in cixporicon to ito hois t. Therefore 
the 'boccerna1yo10 Civcv only tho opp ;into ditri.bution 
of otr000co in the dra. fluh to ot an accurate ropr000n'" 
tation Of of 00000 In the +cam It to ncc000a r to niyao 
it n0000aaary no a ttro d sonaionol. otruoturo. Thio to 

done by uoin finite of aont not'! & 

The doteilad dynamic anc yato ucin j finito 
o1c=ont method to a uo . knorn techi qJ 2 3, 35t 36v 38 c ) 

In th o onclyoio firot the do atructuro to rodueott to a 
siao to oyo tom by dijtdin; the dam o oz) Coe.*tton Into 
o nurabor of finite olcr o to . The Ito o2cuonto ran bo 
oltber tricmgulor, roctanulcir or uodrLlatort3. ovoz'cl  
eta olc ont codolo nro nvailablo for onelyoinij the nyotcrnn 
ropr000ntinj piano ho inJ 042) • OonoroUy, for motor 

Y UIYO 

occUrnc , a ttnor nosh tMeb In tub o largo number of finite 
olc !cmto to unod. The core the finite olcx to the care t,U 
be tho dogrooa of froddo of the oyotc +o `in seise a 

rro corn inatcttional tiro and acory of the coaputor. Zv+3 
typoo of finite elczont .Bon-UmUoo of hocooncouo oirth 
Gco ono Vttb zoo env +locoz to prc&xiinant nid the other 

citthh only trionulaz oioiontn ( 3)  pro OtUdiQde It vao Obotn  
thot the uao of combine tion of rootentuiaz olcriontu in 
finite olcont idol&t, on In hotter In cotpwioon to the 
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aao of tPlaarjuiar elcnc to a1ox o, ago for tim nano acc 
;e, y tim rnrDbw of da 	o of fa oo4om In tho fozcor 
moo 10 nuc1 low than tb000 in tbo battcr caoo. b1zi 
ultirsotol3r roculto In vin C of me ory 09aoo and cop  
uto moo. L0 ro w tho comas or Z`3non000 of firai.. 
to oboont mcobD it nay bo otatod Coro• that for 
ova1uation of forcoc a raeuvoiy coaroor moot ud 

sif t  for tim avolu.tion of otracoCz  
a VO7 fino noOb 10 noaocaary.  . 

.fin -tom z3o' 4d two vortioo2 is mn co 

tim boiiontaZ oozponcnt of tim gad notion Haan bo 
.zon into 0000Uflta a'ha oquction of notion for t 

c lod vib:tionc to colvod to Got the, natrwa . 
frocuonctoo and n .bapo ... Lnouinls t Loco Mitt 
to rocponoo duo to pcz'ticuLar ground notion can bo 

(p) obtciinod by using tim nodo corpooition nothod 

3j  MA C I$iEGiD ITO DZCII3Xt.  
u 

2 ►o nz$ otaflour of tho cono*'ota grotty 
dna can alaa bo otudiod ozpor ntally iwing a oh alto 
table. roo vibration teoto cro car1ed out to dotC 
Dino t 	ctal ncturcal pn'tod of vibration end. 
ciao Ob co. ?OrooA vib tion tooto a o aarriocd out 
to 1toiino tho acooboration rc oponno and to find 
the Vic, caeca of the 000tiOfla Co f rg tiro dynodo too mm 



for tbo rods of tbo nvno of UM ooeUon of COUO 

4cr ( oon t)' 50 " Mad 	rt. t (' 1) tcvo boon crd.od  
out.. 

theory of 1DdoZ 3i7Oio to pøoontod. Tho 

portinc t 	bb a Slvod to o tioilol tootinj a 

14 	Ltnoz r d cnal of tbo dc 4) 

a  li  t of tbo &s •(&)  
- 

7 	Dio ►3accmamt of tho 'd&3  (LL 
v 	tl , t t do pity or &x u to a (~"" 
13 	1:*dUZut or cscttotty of dnm cratorta1 (PL) 

C 	Accorttioz ap34o+d to tho d (W"2) 
a 	Accoiortion azo to ravttyT1̀2 
t 	uo poriod of &m ( ) 
P 	Porco upplioU to tho d (P) 

i' 	Otz cLaosac In to & 

Tho diconotonii of tbo v oua vcrtnblc cro to o tct. 
in the brackotn. a" . of phntocl ont tioo ocn bo gamed 
into dticion3ooc Coro end the prediction o mtt n co 
bo t torn 

	

2 	or p 

14 	 L 13 L *0 I3 

Pox ti trQo OtrUO Z!c1 006019 for of in cr* guy 
of IntocDt tbo rcz .ning diioion1ornn tomsoet bo tho 
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it v&U be possible to pact the bebavionw of the prorn  

totype frc the obse ed behaviour of the nodal. flovsvr, 
it is practically difficult to eke the diuenaionlsss 
tam 	some for the mo4a and the prototype  WhiC'h 
requiras that 

 

(-s) 
prototype 

(3.19) 

or 
3.20) 

or 	
vs `'gyp 	q 	 (3.21) 

where x denotes the quantity pertaining to model and p 

denotes the quantity pertaining to prototype1  q is the 
$cal* ratio and. aqu a I►^ . since the dear are Usual 
made saslIer than the Prototype the condition given by the 
equation 3.'1 requires that the sretsr1a3 of the 	0044 
he. ►• by . stir modulus and high density. This condition 
is usually not practicable with a large scale ratio. Bono* 
by making observations on modals 1 it IS rxt posibbe to 
cospistely predict the prototype behaviour. iowov•r1  w . 
if the density condition is riol*ted, it is feasible to study 
the gamic characteristics such as the natural period of 
vibra on$- rods shapes and acceleration pet tern. Ptwtb*r 

It the iodel material has low strength, it ii possible to 
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vibrate the Lsodel to such an .arst that cracks are ,per 
cad in the model which will be indicative of the weak s•c-p 
tics of the model. Thai vibration tests axe usually y c+u 
out or geornetricaZi aixnU1ar models with a lirdtid objective.. 

or the dynamic t+ Oting of thi model of the due 
a ebake table is used, The eiz$ of the Shahs table used 
for Ko vadi dam's)  model testing was 2.0 0 z 1.0 a... 
Keeping in, Vi ► the size of the shake table a scale ratio 
in chosen. In case of ices 	darn It was 1O0, The 

models are prp*rad of the mixture of plaster of parts and  
This mixture has the q ali.ti+* of quick setting, 

± tar moduXuL of elasticity and small the strsngth,  
proportions used in making modls mod 	 fox 	ewa*L dam vex., 
Plaster of Paris : $and 1 water. as U10#3 	The steady 
state motion to the share table is imparted with the had► 
of an oscii .ator driven by a motor. The speed of the motor 
can be varied by a speed control unit. The accelerations of 
the model are picked up by an lectronio eaplifier and 
ssoorded on the pen rcorder. 

The lyre vibration acts are carried out to deter.  
Mine the fundamental  natural Period of Vibration  and mode 

shape. Acceleration pier are fixed at selected po a 
along the height of the cam. The model is emoted by giving 
an initial ' diapi aiient in the transverse diraction and 

the resulting accelerations in the models are recorded 



• on pon roao ro. Pz'o tho rocodc co obtainc4 tPo ncttz 
jorlod of vib. ivn ócn bo obtc inodo Tho cado oho In obtaw 
2nod by norDa1nC the Gocolorat4onr i4tt rcapoc»t to to d 

G000lorottono at too to of the vc►dQ1. 

r coop ittns the natural poriod of the prototype 

s" oitth oti oboorvod. valuo on the Do402, the veZue of 
1anttu s3. UGVO velocity.# F O $ In the toe'. . 20 
roqtrod. Vora E 10 tho ooue of oLootieity of the 
taatO1"ia . and : to the mmoc don tty of tbo mator.ai. The 
1ontizd.thciL . vo voloatty for the darn rat 'ial can be 
mommod at 33 000, (100300 ft/ace) 	baa boon acowiod  
for Ito2ltoucdS4 daDe ioyirn dam ' 0 1) 0 For tho oad 
r for ,aI, the oniitudtna Savo vooetty can be iorkod oi 
ozpotr3ontc3U by v ,b=Um Vo cal rr. U .cantticivoro, 

The re2otiotchip button the na urca clod of the 
p ►totem and tho rho 10 ao foU va 

~a TV 	 o 	 ( 322) 

uboro to tbo netur i. portod of viti ation of prototype 

and T't3 ic that of the dal, q to the modal acmlo ratio. 
The coputod naturca. poriada of Vibration for Tbyna and 
IIO1kOJ3dt da obav ocd +agacocnt tb the vnluva of the 
' Bfcor►' ,iea .ty celculuted pe odo , '1) . t imii1cliy the 
fundanontal tda ohapo obtoincd by toorottca]. ana ,yeio 
r ~ n Coed coupax1pov' 5) 0 
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tocdy ota fo ci vibration tests do porfoa1 
to otudd tho ocooloration reaponno and to find out tho do 
moo of the * oction. Cnfiinuoua r zdt3 of tho ohko ta+blo 
acOoloratto c and the .oco orat one at the top of the rodoI 
i Obtt12Od, `' üpood of tho ODOiUatOrJoscillators l Increnood tUl 

the ftrot orb accx • Aftor tbo poarznco of the firQt

a # ,• the cba!t2,n 2c ot1niaed Z&11 char ooIa dcvoop 
r d ov or ppttng of the o aà a4 portion oecuio • A c pa ~ 
eon of the accoorotioi t `h top of the mod of firot  
crack ac obtQinod ouporiiaontally with tbo thortiooU 
►rod1c od aecoioraUon z t the top of the ixxLo3 ohouo C 
QGrocc nt bottcon tho tv 

A cot aicax.. of the Modem before and after the 
o t cc .stato torcc4 vtbrati one toots Chou that the er 
occw z at the necli itore the d unotrocD olopo ehrrngco 

Crctiing o CIPOC vd at tbtC 1cco1 co tho 
ctr000 ea3*1ta8 by theoretical toohni4uoo era higher 
than the tonoi o otronrjtb of the mato .al of the dc. h, 
tho d'nctic toet1g is on effective notI od to chock the 
ador uoe7 of the theoretical tectrntqu3o of vibrttion  
analyio of diz. 

UAi o or* thoro ore Uritatsion in tho tlpplica 

.an of the nccio tooting to pr at the bour of 
the prototype froa oborvction an taco . Zt uU be clear 
frco the diooioi that foUUouc tbct it uX.. not be 	 niw 

Mop in pro c ttoo, to O tiOfy cU the rocutroonto of 
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si*flitude. Pu. to iaposs b#.ity of sting U aodell. 
ing con itt and also due to difficulties In 	rod c±ng 
.art ire type of excitations in the bor*to y, . p.ri 
aents studies give results which are basioelly qua . v 

s 	 , 

in .nature bovei+r,  , the b 	of the model observed 
experimentally Can be oared with Its Own theoretical c 
bebv1our, It the #h*ora c . and ex*xiiental behaviour  
of the model tts1f compare fa vourably1  the .tdeuaoy of ib* 
t 	,94IZ et odds of analysis gets proved., 

r 
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° j W 	 ('e.1 

V3 
 * Y 	 (1+.13) 

I.3  CAU 1. DAM EWBTa 

The den ssct.ar has been divided Into 10 sepients  
as shorn in ?IS*.. t,, The dynade soient and shear cosffin 

aisnts are pw ted against the corresponding points sag 
t e height of the den as per the provisions of 10 Codes 
1966 and 1970 vide Pig. e,3 The dynamic shears as per the 
18 Code of 1974 is ,.d be the same as given by provisionss 
of 18 code of 1970 as the provisions in both the cases are 
sxact r ssms*- The djnwiic Shea? coefficient In case of 
dynasic enslysis can be calculated afterr det.ratning the 
twidsrnental natural period of vibration of dam#  the eel. 

• oulationa of the same are presented in Table *go Th ► 
values of bass shears coefficients 3 	are read , 
the average ouxvea proposed in d3rzamio anAysls(55)  

The motion betweenthe dynamic c shear coefficient  
as read fro. marts of 43rrnu40 analysis and 3 ') 

as proposed here is as follows 

3t 'Y) a  M' (a)  

a 2X0.5!175 	th)  

1.03 P ( 
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The - dynsato Shear coefficients 	are plotted in ?.g.1.3* 

The alias Cb are givsn vide Ta .• 4.11 for all the 
05.0$. 

Similarly the dynamic  a moment coefficients in 
cape, of 12 rode, of 1966 and 1970 are obtained and plotted 
in Fig. 1. 3• The dynamic Gent co f ci.nts in case, of 
III code of 1974 wound be the same as given by 10 cad* 
of 1970. The vale of dynamic sceant coefficient +((y;) 
would be related to the value 4(`X4 an read from average 
ou.s In. dyarido aaalyri. 5  as follows 

'ü 2. gib, 	 (1.1 

c4( 2. O.7 
a1 3a( 

Us values of dynamic 	ant coefficients ttt() are pZcttad 

In Figure 4«3, The value of Clad, are given in Table 1.11 
for e3.l the cases. 

1..  Case 1% DAM 	GUT 100 is 

The den is divided into 11 w ants ua mho s In 
Jiur. 4*4 ., The dynes. ,c shear coefficients calo Utloni 
as per the If Code provisions of 1966 and 1970 are 
given In table 1..1 and l.2 respective, The ration 
bet en The dynamic *hear coefficient C as given by 
If Code, of 1974 and the dynamic shear coefficient (9) is 
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P41} a0.6 x22 ► 

1.2 	 (4.,16) 

The values of are read from ouxe given In 18 code of 
197i. The corresponding values of 3 O are r *la lat•d vide 
tsb3s 4h.3, 

The +mac sbee .r coefficients 	] and those 
read from average curves in d 	.c 1X2.3ysis are related 
as from equation 

2 z 0*5375 

1.O7' ( 	 (a.17) 
These v 	s are given in Table ~+ . 

Similarly the values of d7fl5ibC moment coefficients 

eras calculated as per *8 codes of 1966 and 19?O .mod are 
presented in Table$ 4. J and 4, 6 respec tiv ely. The relation  
b,tv n dyneiodynamic moment coefficient 4(/) and the one 
At read •fm curves given in 18 code of 197e is as foUovs  

( .18) 

The value► $ of L ar. read from curt* In 28 00d0 or 197 
and, corresponding values of 4('-) are meted vide 
Table 44  

The value of dynamic atnant coefficient nt .iC;) is 
relatd to JY in ease of dynamic p is by equate 

4* 1 ' icb voitS out to 



100 
33.6 

a 1.6 i4) 	 Q'.19) 

Theis values are Oven In Table i.$. 
The values of dyz,a4c ioeent coefficients 	per 

the various- 1$ Code provisions and as per dnaio +ns2ysis 
are plotted in Figs 1aij. 

4*  5  CASs I .DAN RELGIfl i0 a 

In tiLe a&$* the dare profile  Is divided into 13 
s.gsents tide Fig.4.6.. 

The + n do shear aaeff`icsdent 	(SI) and that 
given by dnaiuic ar*l ris P ( 	are re2.ted in this 
*as* uatflg •!j 	+ 	 .1t.  as foilovs 

The dnaic sent coefficients ea per the 
venous IS co r (1966, 1+x'0 0  1974) are platted in ,gl.7. 
The djnssdo moment coefficient 	and 4( read frcat 

curves in d * is +o a f s s related by 	 on # 

'( )s2Z0.27 z M zK( 4844 

a 1*709 	 (i.21) 

The values of ( 	are read from gyres giv n in dyrirnio 
analysis. The, values of dzsmic mosant and Shea? coefficients 
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are plotted in F.$, )4*7. 

4 * 6  C, 8' IV DAM flVGWI 200 a 

For division of daa profile .jars vtdr Fig* +.8. 
The dynamio shear coefficients 	can to calculated. 
in Case of dnsrniG analysis using equatioi 4*44 as !Q11OV; 

2:0,56xa' 

1.12 P 6 
The dynamic moment coefficients %((y) can be calcu  

ted by Using "Uation 4.' ,5 as 

+65.75 

a 1.705 +4(' ) 
	

Q*.233 

The values of shear and meat coefficients are plotted ir 

gwe 

The 	 ur.s 4,630  k.5, 497 and k..9 voui4 give tht 
quaitatiVe c mpari+ion b*tween the cy #►o shears and. 
moment* as Per various 18 code provisions and as per the 
dynamic c *n ysl.e« Butt to cipars these - coefficients In 
a quantitative  manner it is necessary to bring thaw. to a 
cOaOU basis,* Rear it in proposed to compare the bass 
moment and shear coefflol. ants an the basis of •to  the baaia 
seismic lo.ttioient for the ragion* The values of base 
*ornnt and shear coefficients is are already ezpresasd in 
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toms of IS odoo of 1966 and 1970. Tho val1oa of baao 
lI Q onte afld Ohaar coo ioionto in aaQo of IC Coda of 19?k 
and drnariic an2ycio t,ou3.d, bo a r. ncod In tox a of %. Too 
poac'iod, of vibration of tho dcxci in £tc 	ncnto1 modo in 
coca of 19 Oo2o of J97i and thoco In Darn of dncio 
ana aio r 	von in tbia 4*9 and 4«11 oopcc ttvo , 
Tba tab lo .10 civoa too various r tins obteinot1 in 
oao0 of tutu C QO cont3iaorcd for cUcfltttCLtiVo cO!np3tOofl 

of b300 uoont and atc coofficionto. bo va ioe of 
baoo no:ont and ohoar coof .ciont in four oao oz por tha 
!?rovioiont,  of Var.Oua I0 Leo end dynatdc anal 'r a aro  
iv c in Thblo- +.12 'bow 

T BL!3 4.i2 D 4 1IC XOi1EIT JID S TrLJR 0EWLCIT8 t^ 
DEC1 OF UIS IPOR QUA IlT IVC C0I AR1 #017 

I3aDO ronont cooffioiont 	DODO Oboai' cootticiant ac por 
Cam'Ccoo 	ao por 

1,104 	 - -  

1893 	 .I$ $ 1393 

196I 1970  

2.10 	1.25 1J25 1301 

1 2.00 	1.520 1.710 1 *570 

3 ;U 2.00 	1.520 1.15 163 

4,0 IV 2.00 	l ok" 1.530 1.40 

19 6 1 1970 197 

2.00 1.O3 1..069 0.88  

1Oô9 	Z4) 
2,00 09 	1.162 1.01 

2,00 O.93 1.020 0.98. 

1,7 	sior 

It In oborvod ton a po a of fi uroo k.3 ►05 4.? 



and 4.9 that the d st won of the dyn"a manta' and 
shears as per the 16 code of 1966 is entire'y different 
from those given by later codes (vim. 1970 and 19?) 

and d.rsdc his* Therefore the provisions  of IS 
code of i966 	.cb speciSy a unifoie ademic coefficient 

e2ong the entire height of the dam are entirely inadequate  
for the alcultion of moment* and shears in the dam. Th. 
4i5tlli3UtiOfl CUX'V~ra for sCbeflt$ and sheep as per the 18 
cock of 19 70 are definitely en improv.aent over the earlier 
cod*.. But • 1l the distribution does not follow $ ae trend 
as given by that of dynamic analysts. The distribution curves 
as per IS code of  197i follow very nearly th same trend as  
given by us. of dnmic ansysis. Therefore qualitatively, the 
16 code at 19 	gives the moment and shear distribution s3.ong 
the height of the dam In a more realistic manner aii can be 
used - with much more r entid*noe for préimtr1sry sign of 
major dams located in setsmicslly active area • It 
is also fuxther observed that the , ssponae $psg:trum Approach 

pest *C- by 1$ code of 1974 for .4a over 100 a height 
gives a better • distribution  of dynamic moments, end abeam 
Bch ismore near to the reaiistio *J Lion $1 Per the 
dynamic analysis. The two distributions tally very well an 
the height of dm increases. Thus the d i.ffer 	a on 
b•tveen the approaches to the eel is design of 4sna for 
low heights (below 100 a) whar, the 1 Coda (197i) specifies 
use of setaitcseismic coefficient method and for 1 , + r heights 
(above 100 m) where the a es nse app► ct m is proposadv is 



ta5 

raa1iotio, c vw hovtvor' nocot 	o ontiati+ 	tho 

oarit IC Codoo of 165 and 1974. 

Tho quantitcttvo caparioon of cooirnto e4 obctz  
pct tbo ' io ref thou c s par 	o yr a o *odes 	c 	, r. 
d c o analyata can bo obo od frorn Tubia S 1 ,• It  
coon tbzt the dyfloDic As +t t and o! oir cooftioontn ic't tho 
boo aro the 	tit in all the easoo oa .daa 	L r 
tho I coda of 196. Tho piiioiono of I3 coda 1966 
ovorOitiruato trio driaic ohecwo and =onto at tho taco, 
Tho prcontm&,0 of ore0t tam (+ or tho dynciic asoly'oio) 
in na of dnttto no ont to 	271 22 and " in Gaon X., 
XI ,9  111 and IV reopoottvoly. Si laxly tho porcanaco of 
o' or cotirnation in tho vatic oboai'o in cor opon4ing oc000 

to iai 91 98 and 10k. ThM It con ba Coen that ttto per..* 

oion of ia Coco of 1966 oz otysuab un the biabor ado  
in boTh dTEtc n=ent aM choar at tho #coo, Thoy aro thou• 
faro ontto] i adoquato, Tbo 1$ Gallo proviciona of 19 70 
aro doinatoon iiap!ovrnt nor tbo i%6 coda co tbo 
difforonco bottton tho obo and oo ont coofficiont in thin 
t ar 

 
to vo y Well no co d to dyc  onalytø. In cano 

tho o onto and oboor at tho boo an pox tho pxvintoi. 
of 1970 coda ao or higbor oido than thono to , vcn by 
dynce ano1roia by a ► a 	toly 17 par cant ard 21 por.oct 
roopoc t cly. to rcot of tho th ►o canco bonor tbcoo 
cro a ZttZo on tho lomr aido than t r000 v 	crlt 



analysis. Thus the 14 Code of 1970 ioP NVOCU 5 a 
trisngtüer variation of seismic <aefficient Ong the height 

of the des is an iprovenertt In the right direction over the 
earlier *redo* 

The pens Of 18 • Code 197 are still a 
better p went over the 1970 coda prayision. The v s 
of drnemic agent and shear at bra. ne given by the za Code 
of 19? are on lover aide than this actual in case of as** I, 
But, in all other eases they are a littler on the higher side 
than those gLvsn by dynamic analysis.. But#  this ovarestition 
can be traced because,#- there are so many uncertain factors  
on hich the calculations of dynamic moments and shears due 
to sartbuske is based. Therefore a code doh gives 
value of dynamic' went and shear coefficient on a little 
higher side 	d + + .firm y be quite all right. The percen.  
tags of overestimation In dynamic moment and *hear to of 9  
and 12 par cont respaoti.vel,y in ease 1,. But those per 
centages ar 3 and 1+ rsep.c.tivily In ease iT.. 

D to the horizontal acceleration of the foundation 
there is an in*tant oua b$rodynemic press r, exerted 

*ia t the r dam in action to bythc statio forces. The various  
10 *odes (1966, 1970 and 1974) epecit ear's fozuu2as 
for eoiputtng 	dynamic pressures • it is proposed to 
Verify th. approximate forme given to calculate the 



bydrod uric shsar and tnemant at any depth 7 below the 
reservoir as given by equations 2.3 and 2. in Chapter U. 
It is felt that the shear and moment cosff ela zits of 0.726 
and 0.299 rpeotiv.ly *a given .tn TS codes may not be 
constant over the entire depth of the reservoir* 

21,s pressure diagram of the hydrodynarnic pressure 
P wed be .given in Elgurs 4#10 below. 

FIG. 4.10 	 G 

The area under the fissure diagruin at a part45gir' 

level 	 u.d give the *hoar ~ à at that l vel and the rrnt 
of this area about the centre of gravity of the horintei 
c?O$$.$ecetiLon of the diem at that level iould give the monant 
Me . It is proposed to evaluate the area over a range of 
ratio * * y 	and calculate the hy«s dynernio shear eoeffi*» 
dent 	ty) .• The other factors such as re b , 	are cona-o 
tent. and therefore can be Ignored for calculations of 
e roar and mgt coefficients.. 
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2 
Ares * 	x(2. 

z 

((FFFIC)ENT C -~- 

The area of the strip at a distance 2 trotn top of atsr 
surface and depth dz vou4 be Cdz as shovn In ,fir .i 
3bovo. The area npto z below top of rater surfeos is 

given 	 x 
Area * I Cdx 

0 

Substituting Talua of C u1n •q=tion 22 

2 ,w 
1_ 	3 



low putting 1 2 in win 0 

x 

I 	~1 «0 a T2,.z. ) 4* ~s 

wa-eos.0da 

ir 

0 

v 

a 

(' + coo 	) did 
11,12 2 

r 	___ 

Putting a s f'2 t.n it 0 	0 sr.asO tb.va1usotCecss 

'.* !ttaz3 
* 1 	

' 
sir 	+ 	

I 
r 	Ciz)zJi*'z 

Pinaily the Arsa Under the C ourvo Is given by 

__ 	___________ 

2 

('.a6)  

The values of area at various values of = ' a" calculated 
and given 	n Table 4.13 	• The values of C at various dstbs 
and CGrre$pOfldin P7 	are given in Table 4*12 	The vie 



UA 

of bydro+i is shear coefficient 	are obtained dif#„d. 
ing the ares under the curia apto the lsv. 'rider condderai w 
titan by the factor Per at that level*  These values or 
hy4 drasmU shear 000ffioi is 	are plotted v ds,, 
rig#  4.120 

Stidlarly the went of the area abo4t the imter 
surface mould be calculated. The moment of the . tat 
area C about the top of water surface Is 4vsn by 

I 
Moment s f 0 dot . z 	 tz ) 

0 

Substituting wee of 0 tros euatton 2.2  

went 

.[ax2dz 	 23 41 *zJ.x)4x]  

3 

Nov 

JzJi? dx 

a 

0 
L st 1.x r Gin 6 ; , * . dic w *# coo 0 dpi 

*1s  in 
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a 
* rn 	(i*alnø) f 	cos a 

a 
err* 	(1.s 	) osi' •++ 	#i 

112 

t 4) 00320  do 

dO + 	sIna cos 0 • cosO di 
'/, 	 Ir 

1 0  
a: 	

S 	 1 '/2  
0 

- 	(1. ors 	d0• 2 CoIng + s1n ] dO 
V 

	

stnaa 	 ►s 
* 	• 	

•3 [*cosaj. L* 1 4C  

at a 0 ,G** *12 and mon e a 0 )enoe va3u. d' 
constrarit C to + W, 	. Finally the nent of area about the 

tar surface is gtsn by 
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valuon of the r a. 	c tobuioted in Tnb3o 
, ono ionon a- dtvidod. by tho aracz at cor 3 pon nrj ]cioi  

would giro the ,cta co of 0.0, of area G) R the °motor 
Gurfeoo. 	the diothno of ,0 of the ere f the 
lovol undr conc*dora io 	?o -) '- con be e oulatod end 
The oorroapon4ini bQon.t of eree oft tho biøo of the coo" 

° tion on be aomaloted,• Thia zo io t divided  by P~ w 1d 

, .vo the. . " 	► na is won. uoctffioiont (y) ,•It o err 
plotted in  

w,9 O ERVtrT O,Z 

t ejn.tnat the vrirlouo doptho bolotr the top of the 

co iotr curfoco on prenontod init ,4.S2 iihous ebony that 
the bydz'odyncdc obonr r d me ont 000t`tici ento 3(y) 

and 	() ronpoetivo2y Oro no 	oonat nt over the entire 

depth of tho r 	orvoir on oonteipiotod in the 1 	dodo Prow 

viniozn (j%3, 1913 p ' 974) . .bo value of hy4rodynoC 



5 

a h .' cootfioiont at tho b3tton of tto r c?►c4a, 10 0.726 

to atn1 to tho vcluo atvon br 1 4 code. ftt p at a 
point Leh in V 	M of oo otr dope bciOt tho vtor 
v-uttco tho valuo of hydrodynft1! tc vboa 000fAciGnt 

in G.675. tin por toorotk1o2 'onr ysic. T. at tbio point 
the bydrod7ncic ohOa " (*VOr1 by tho 28 Coda fOXViQ o 
ootirnnto the vi o b oWut 1 por cant error tho corroot  
va1u. Thin croxcti!nation in no.r about 1 poi* ccmt at  
a point Vic)t in at a doptb of 40 par *ant of tom, nth 
bolo u tho rocory ire It in thorotoro fluLJg ostod that uo ay  
U130 do t X+ 	.c oboor dintribution an propocod in  

tho fin. +.t2 for COOULitO OVQ1QCtiOfl of tho ' c c 	c 
obotr. 

In owo of ydro8yn.rnto wont to porcontaGo of 

ovorcthtion of tho oa o as v 	b i :8 co do orlci 
Is a lmt on 2,2 per cant at botton of r aorcroii' mud o 
Mob an 	par ccnt at dopt of 10 par cent of total  
doptb baloti the ronootr ttntor nurfaco. Th*o the 
variation in p ro ieod in nano of bydrodnazc notionto.. 

io oforo for corroat cunluation of byrodynnntc  inoontO 

ho dintribution coo tvon .n VIS* 4*12 *u pxopoDad., 
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TAUL13 l.12 	CJLCULAnOrS FOR GQtPPICIr "L 

a (20 
' 	n 

Dt G*l* 	'',' Role 5 col 
h 

a 1 5F   b 

0 2 0 0 .0 
0.9 1.9 0019 0.t35 0.6$ 
0.2 1.8 0.36 0.600 0,960 
0.3 1. .7 0.51 

04 

 0.714 0.,224 
1.6 0. 0.800 i 

0.5 1.5 0.75 0.86U 1.615 
0.6 1.4 0.8t 0.915 1.75 . 1.3 0.91 O.9 1O861. 
008 1.2 0.961 0.930 1,90 
0.9 1.2 0.99 o.9 i. 
1.0 1.0 1.0 1.0 2.00 



e 
.1 
.2 
.3 
.4 

.7 

.0 
0.9 
100 

.01 

.04 
.09  
.16 
.a5' 
.36 

•81 
1.0 

•0785  

• J600 

13220  

'.200  

•.100? 
.s0 00 

0 

0 

.600 
.714 
.300 
#86' 

.980 
0*985 

4.00 

A 

T.AB 4 )►,1 3 flRODX? MIC 8H&R Cow' 

2 
.wx3 61nti i i psi ?c c 

ad.  

0 1 
'000003 0.9 
,..00 ? 0.8 
«x.009 0.? 
u0213 0.. 
W00417 0J 
0.072 0.1 
►.1143 0#3 
.,1706 0.2 
..2k+30 0.1 
*•3333 0 

90 	• 1.01 

.1? '1.12 

x'3.13 0.926 
14'3 

38.83 •.14  
30.00 0j23  

23.51 oI+AO 
17.? .305 
1165 ,201 

•1002 
0 0 



TABLE +1s 	RMKAKC MOH C0 WICL ] 

• 
aX 
b 3 

. ? 
4 *i,z tndsg In 

ac 	r . Cai.5 
- 

. cs r~i 

a 

2 	 t 	5 	6 	7 	 lv 	71 

0 	0 	0 	1.0 	90 1,0571 "0.?8 ' 0 	0 	0 
0.1 	0.0006? ..00002 0.9 64.171.120 .0. 600 0M, ai► 	*.M" O, •1c~ 0.2 0.0O33 -►• 4 	0. 43:113 .926 -0.4630 0, 	». uu .i5vo 
0 	0 .01800 ..00203 	007 	 3.0. ' 

	

.38 5 0.71 	 .2O0 ,x.17$ 0. 0.0+267 ..0064 . 0.6 36.87 .6! .0.322 0.8 	-2400 :.2000 
8: 8:M ::8 	8: 	? 	8:t ::?:: 
0.7 0.2 	.Q ►1 	0.3 ' 7. ? 0.305` .152 0.9 ' i 	4P.143 .238  
X1.8 003!3 .1021 	0.2 11. 	.201 ►•100? , 0.980 w, 	..2I( ' 0.9 0.t86 	*.16eO 	0.1 5`.75' 01032 .. 50© 0.98 	.00492 :.~►1 
1.0 0.6667 	0 0 	0 	0 	1.000 	0 	••25a 

note P C th 

O 72 * C 	•. + . (/h) 2 h'2 
0 334th) ty/h 2 

p~ 10 oon$thnt 2 0 *2 Sarre,,.. w,~ -' 

w a Moment of Pe about base of s+ 

$: This £110 contains w, b3 + 	1 

:c1T
~.. wilg.vie' 



CUAPT13E 	V 

5.1 G3 .1 

Ccvort +frobrn,o boors mlood by tir1ouo invcofii 

gitora w3in$ ttio to+ rd oo of dncito 6flG2.yOio. its a 
moult of tlieao obi oo a 2*t of ufu1 inozaton about 
tbo bOicViour of a noncs to gr=U7 daz maab3 octedto oc th.. 

o 13 t ilablo rot'. ' hose al itcont romato arc p 
contod bolo, thic obo:i tho 	e ~t of vario'to pirrotorn  
ai 1 o e moo b3h3our or tbo dsz3, 

zW c or nsta"otn 

Tho offoot of ocoxvoir iator art l,o soon by no yo 
~.ng tho ot; t aturo riith razor water cnd tdtbout Ito Tho 
offoot of rcaory it iatr on naturaa poriod. of vibratici nt 
d rnci a + topiicatnto and aoolorztiona, d7ncrnio DtZ'OcoOa, 

total otroeo QO obtained in otu4ioo 10 co b to . Tho 

o for voir tat•or to Win n ass added virtualc ono* 

Tho IUtUrO2. por.odo of vibration +rte o tho 4m in va L 

o= t odsa. cmd t tbout tho r000rva r ratan tiav ra bxn 
cnloulotod by both Urn boa Dot d and Urn ftni.t3 o1CZ3nt 

Ito for 1Oyria dm (,36) a Toy oo ropdQood in Tablo 5." 



U 
	 M 

TUB 5,61 WATLIRAL P*aIODS 01 VIfl TI0rB IN 8BCON DS 

Beam Analysts 	Pinite. Klnent AM1191s 

3 	d* 
o* 	without 	th a.,.. witt,aizt a.s4 Aft Reservoir 

sow reservoir 0 0110 	•xvotz vet water 
water 	water 

it ) 3 I + 1 	6 

1 1 0*3lO 0*389 	0.3 0.101 
2 	2 	0#132 	0.1% ► 	Q.13 	0*162 
3 	3 	0*0(9 	0.082 	0.102 	0.107 

	

0.071 	* 

t aay be obsi ed froa the Table `.i above that there 
.n cease in the natural psrtods of vibration of the dan 

fat. to pierce of search water Ind the modes of vibe 
tion in both the ethoda of a 4 is.. Tb. Inca a se is less In 
higher iiodes than the tint m * a 

The dynamic gplacvsrt* bOth Vertical an* ` oAzont 
are found to increaie du* 	wetcrvoir water a Sorg thi 
height or the dot 36), 

The laic ax*e2* rations (vertical) also increase 
due to presence of reservoir water sU along the hight of 

pe horizontai. s 	rations however , increase near 
the top of the das but decrease •3s.vh. (36) 

Ths effect of Pas*note star on the Rio st e* 
can be observed from table 5.2 b.loJ 36), 



d l~ 	' ►2e 	~►'O 	COn X 1? 	
70 

,42oY 	Y 
+I+ nVO 39,6 	C 6/V~F" 	M,it 

of Condition 
t olyolo up UP do Up dote 

tracrn utrørt otre ct otroc vtroeu  

Sox 	&tbout ►ter 17.S ' 7.8 
rlotho4 

ti7.6 ;17,6 t°1 3O.1 

#2* 26* 7 .* 37.3  

Finite stout for t2 	X8.2 	X24#2 	i3.6 	28.6 • 22." 

t otboa t itb vtor 	X39*i X10 	t31 	33.1 	039.1 , «4 

floes 8tioOsc are fl 

0. d1i olopo chan6oo at td ]ova. 

It fa7 bo nctO1 from ttbio 5.2 abovo that ttie offo t  
of aervol ' 	-or la tO 	O tO dynwie Ctre000. Tito 
l ore=  In voz1iCa2. orriit dn*&zte otreaoe z'ongoc troz $ per 
cost to 5b per cent duo to, ronoroir motor otcilar offoet in 
obaor iod in co of pr !e al of s 	o 	` 

5., 3 FCT OP V11iCiL GROG i ZOU 

it cm, be otu od b dotoi Win# to *100902)00 of dcii 

duo to 'iorinonto] oornponont of (rOunc2 motion o onooo t,oU co tho 
reoponco undor to a ntonoouo et1on of horionto1 and vortical  
conpononto. Covora . invoo j Lora hcvo otucttod thin oopoct. 
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The dynamic displacements (taoth v.rti o . and 

horizontal) and dynamic horizontal accelerations calculated 
with horizontal and vorticalcomponents of ground action 
acting simultaneously and 4th only horizontal component 
of ground motion are very clos, to each other shoving that 
orb. vertical component of ground notion does not affect 
the displacement and acc .*rattou pattern in the gravity  

The dynamic stresses duo to simultaneou, action 

of horizontal and vertical component of ground motion and 
those due to action of honizont .1 component of ground 
motion alone show practically no variation vhi cb as again 
goes to prove that the vert4c . component of ground motion 

dose not play an important part in determining the stress 
pattern in Case of gravity dams, 

These observations  a era or less supported In 
a recent study 	carriedout on the behaviourof 
KCo m dam during earthquake of December 11„ 1967 .. I t Is 
found that the Inclusion of vertical component of ground 
notion does not cause a noticeable Cb* gs In the max 
displacements, It *&us*$ an increase of 5 per cent In 
the horizontal accelerations and about 30 per cent 

or*air In vertical accelerations at the crest.. figurer 

5.1 and 5,v 2 	shay the maw principal stress contours 
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in 101' ooction of Ko 	dcri 	o to aiu3tanoouo radon of 
trc novorio and vortic3 mono t ► of lode o'tquabo and 
that of tbo trcinrivaroo ooponcnt o o, cotpvioon 
of thQOo tiro tigurori chow that to o r(o  tonaulo otroo i 
C1afl3t3 3ittie near tbo upctrcr faro but incroricoo by 
about ?.O k&'c 	n 	trio do atro t fogo due to tnc1uaion 
of vortioa3, 4oi3OflOflt • 10 indicated by tIo o3.ativoy co 
oontouo for the higher stroonoo .Hoar the uptroci facoo  
tbo inoluz4on of vertical cociponont of Crowd r2otion appoaro 
to reoult in a dooroaco in tooi3o otro 000 near the øt'ocii  
taco In the upper part * 4lthouh tho teno3o rit oao boo 
inoro ,004 by about 7*05 t ea  to Coro than 70 JO ha 2  near  
the point uhorc the dotrnotrcc taco changec abtiy. xho 
cbz naoa airy f the zone of OtrQOQ COnOM roton ap rear to 
b oa13. 

In a ocont 	) it has boon obiorvod that the 
vortiocl co ponont of 	d cotton counari on epprooab) 
inercaco op 	1rrito2y 0 par cant in crest diopinccovt and 

► per cent to 70 per cent incro o in the t uut o otroorico  
If the offootn of intoxcLction bat on the roco oar' át 
the dr+a. nz'e incl fitted In t'ho oniycio, 1 a over the 
intorQction oftec to are no octe4 the vorttca. co2ponont 
of Gad motion hao little tnflucnco on trio rriponoo 
of the di. 
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5* 4  I$PoRTArIoa OF LI M W XOBT STRUCTURAL S 1BT 	TOP 

Dnaic analysis of str•ss.s in the concrete fir , 
dams during is buss dernonstretes that accelerations at 
the top are mazlatw and thus the eao critical tens * stresses 
occur in the upp.r parts of the 4arn 1  The extra concrete 
near the crest of the daS to Support add eta# is found 
to be responsible for this.. This problem was Studied by . some 
i ( so 	*. 

The r pon;" of the Pine Plat da and its 
structural s :txon (a triangular section with asro width 
at the rna.rn m watarlaval) very 0a3. atJ ) . The two sue* 
Lions are shown in p'tguris 5.3 . The periods of vibration of 
first four mods$ Of the lime flat darn wore 0.2%, 0.12%v 
0.092 , and 0.072, seconds and those of its structural 
•action were 0.22, 0.099, 0.08? and 0.060 seconds re. 
eetivaly. This *bows that there is s decrease in the periods  
of vibration in case of structural section for all the wo d s. 
T'he shapes of the first two modes of vibration of the Pin. 
Flat dam and its structural sea tion are presented In Ftg,.5. 
It Is apparent that the added uses t crest affects the mode 
shapes considerably in the upper parts of the da*r p result 
Ing In significant increase in the displso ant gradients 
especially for higher modes. A comparison of the principal 
stresses over the pine net dam and Its structural section 
at two sel•otad instants of time as øhown In Fig. 5'.5 and 
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FIG. 5.3_ PINE FLAT DAM STRUCTURAL SECTION 



- PINE FLAT DAM 

----STRUCTURAL SECTION OF PINE FLAT DAM 

FIG. 54_ MODE SHAPES OF PINE FLAT DAM 
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5.6 indicates that the n*ziaus tensile stns on the 

downstream lacer is about 21.i'; kg /cat  and that on the 
upstreamface is a bout 24.67 kg/cu.2  for tiae 
structural a *c Lion (Pig. v.6) vfl* the corresponding 
vaLm3a in case of Pine Flat dam are 564,40 kgIoa2  and 1,2.30 
i 	p+ =' i + 	(Pig. 51,3.)  ,apparent 	that 
Leh iaUer tenoila *tressø3 develop In the structural 
section they being reduced to about 40 percent at the 
dovnstresn face and about 	paz' cent at the upstraa3 upstreamface* 
It is evident from the ruts d: sussed above that the 
additional aatrrial near the cream of the den causes condida- 

cable nose in •a hqu .k• stresses especially near 
ttie top 0 

This - aspect of rrdacin the mass at t'he crest of a 
den by developing light 	gbt structural. systems to 
support the roadway and pex'toriu other necessary functions 

vita studied 	rther(  . The dynamic ' analysis waS carried 
Out by the beam elthod of anaiysts. The ba$-ic section 
of the dam used for the study was the Pine Flat, dam of 
california slightly modified as $hovn in Fig. 5.? . Seven 
different light weight structural systs as shown in 

Fig$ 5 7 and 5.8 were considered. 

The static principal atrsa .remain =or* or less 
the same for all the cease considered for both 	*rvor 
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fuU and c pt cotdtiorm 7i0.o Tob .o .3 biro 

TABLE 5.3 3VTIC PBIfC AL B u: ss 	2  
(A) i1E&WOI1 VWJL CO DITIO!l 

CrDO I 	 cone 3 1 	c o 

'° 
410 o ua 4/ fl 

1. O.07 10.310 s*1.. 060 2,1 O1  0.070 3.123 

3 19839 8.363  wi *074 9.213 -4.260 8.831 

5 1.109  13.636 *1.022 1 	*" 	a 0.5? 14* 

0.820 19.226 -*1,077 20,171 0.357 19•90 

9 0.353 2'.036 1 *180 25.635 23 - 

I1 *.i8 30,433 '1.310 31.14-5 *1.029 30,958 

03)flE13tNQIR 	4 1 COi3J✓ITIOtd 

Coco I 
	 GWO 3 	1 Caao 

6 oction 
4/a 

3.572 7.265 

3 10.216 0.31 

5 I.693 0.583 

7 19.373 1.170 

19 29*040 2.3709 

I. 

r O a 

2.1047 ►J& 3.235 0!07$ 

7.3G3 1.16 .3 8.11? 0.78-2  

12.5`67 1.6w 13.123  1.. 	5 

17.72k 2.115 98«1 1.852 

*032 2.593 23.169 2.375 

79913 3.032 28.1 2.896 

t3oto = '0 oo p ocaii,o otr000 n 	cn3i)o otroc a« 

Tbo modal do octi 	a ar founct to bo 	2.noz'caoOct at end 
floCX tl,o top mean the c ° 	t voi h to xoduooct ao comparo4 to tbo 



7 

ocg1t4 orost fldo tLuez 5. aid 5.1O • ho totol dminio 
dofloctioro c ro toroaooi1 at and noQr t top in otttor orooO 
as ooiiporod to caco I for rocorvoir f óondition. For rosoz 
viz' 	►t3? condition tho do .00tion oll tho awoa arc roc uooc 
at ot and near to top 	coiparod to aaao 1. 

The dyna o abear cnd wont o, zaiO ao ivon Lxi 
Figures 5.11 and 5.12 for +empty Z,-zor O ? +and f U r000ir 

oondttionc z'copootiio3.r It can be oboorvoci fro a thoco figurco 
that tbo dyna .c c')oaro aro reduced at and noar tho top 
but they aro found to be inoroaaod at and near the baaa ca 
oornparod to caao I for roorvoir full condition (Fig. 5.12) 
For r - sorvoir ctpty condition also ( ,,  #11) the ohoaro aro 
reduced at end near this top cc co'3pur'od to caco 1. The roduotion 
now to 3arco and 000uro up" 	oateSL ratans, ° r oaourod from 
the top ao coparo4 to rocorvoir tciU condition. At ana nerd the 
b300 the 3arot #hoar occ m in caoo I do oG pari.4 to other 
COCOa (Fin. 5.11). 

Tbo dnciic roonto era roducod at and noar the 
top ec ccxpzu,o8 to coca 1, iii.10 at and oox' the bottomthey 
are found to be acxio ct inc prod for rianorvoir fufl coddition 
(.Pico 5.11-) • For z'osorvoir empty condition hocvoz' the noata 
era 	ood mugho t tho hoirjht of the don cc compara4 to 
*a00 I (?i. 5.11). 

The (oonbinod) coprooaivo principal otrocooc at 
the upotrxin face are more or Lana the erne for roaorvoir 
uU condition (ii. 5.130) . The tcno to pctpaotrueoo 

are iain3.y ciao to the dyncnic effect of 	hgu so. I conoi4orab2o 
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E ST III - 5 I 

3 

E MORE OR LESS 

L CASES 

9 

BASE 
0 	10 	20 	30 	40 

(o)COMPRESSIVE PRINCIPAL STRESS ON U/S 
FACE kg / cm2 

T III-5 m 	I 

3 

E 5 

I 

w 
1 7 

E 

BASE 
	

II  
30 	40 	50 	60 	70 	80 	90 

(b)TENSILE PRINCIPAL STRESS ON U/S FACE kg /cm 2 

FIG. 5.13~COMBINED PRINCIPAL STRESSES FOR VARIOUS 
CASES DUE TO KOYNA EARTH QUAKE FOR FULL 
RESERVOIR CONDITION. 



/O4tttiafl In tO !3Uo otrc0000 no the croet is eery .in 

other Macon ao compazod to caao of (.13b). 

►r c►t7 r000xvotr con4ition, the tonpilo prinoip. 

Gt1oCioO at the dontroc taco arcs coin y de to o arthq so 

ddneric effect ( g.5•' ) ,* ho aw mu c pz'csbivo p .xoip ciL 
atr uoo aro 4ovo1opo4 at to upotrewi face (Pie. 5',1G). 
foal the erect the comprocaivo principal otrco oc arccanvido 
rsbliy smaUer Ln of e caeo ao cnparod to cane a 9 	. ) 

The f8u ,e V riatton also boZd iOOd i'or tonoU atrocuoo at the 
dounatroai fact (. i ) • The dfferoncao In the ctrcnaoo at 

the str6n end do1otrcaa face of the 3,or coctiono In 
all the caaeu concidorod arc conoidcrb.y smaller ea dared 

to the 4ttfOX3flCaO 2aalc the amt# 

Tinw Mm the c c1oi)(52) p  sontcc acv o it r 

be soon that it to ort i A a placo the top of the do 

a UGht  voi t ctr of 	aycto . 

5'J  XrPoaTAfcE Ou VOXDITO 3, i T CtTAT"0 III szoi 

The .o Ly 3iE Of RO a Q2 130 oono.th indicates 
large toneile etroocc3 o u'3 tL 66.50 n c Toro the dotn  

otror..a ciopc coo abx - t and at the hoot or the day(36} *. 
Thin inc' .+ atoo that It uzouid be deuirabLo to avoid ab +t 
ObOn ,00 in the olopo of the faro of the Iai. Thia fact is 
al co 00► 	7zet y the cai 	or at 	t3 ") in tldch It t 
found that there to a concontration of otz'c coo near the 
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(b) TENSILE PRINCIPAL STRESSES ON D/S FACE kg/cm2 

FIG. 5.14_ COMBINED PRINCIPAL STRESSES FOR VARIOUS CASES 

DUE TO KOYNA EARTHQUAKE FOR EMPTY RESER- 

VOIR CONDITION 



RL 66J0 i %Moro tho du $lopo o' „ancoi ab pt r and ncniuwn  
tonoilo ot►.rondao occur at tic point, 	dI mnmc on of 

in ceoo of Eihouedi 	503 	oo otirntr t o point0 

orozroro it is bettor to avoidjy Abrupt cbancjeo Inc t'I o 

dOt1kt2OflI olopo of t° 3 dale If at all tboro IS eny 0h ao 

In u Po proPer tra.sattiono oy ftUotn may bo provided at tho 
Junction of tie vrtcaa ;mac . of the dram and the dotrnotroc  
c 1apo of the 4n. 

06 ' 	OF SLo1XI:c VSiIitti24 WCE OF DI11 

The convont .onal pxotilo of azevity dcr3 has the 
gotro taco vorticol or nocu1y vertical. 4ogwoy of ouch 

a pro to from the point of viotr of Ito rooponao to cLynawic 
1ocidina ouch oe o hq z;o to a 	blcz. Tho otroonoct taco to 
an ca', 'tbqualcO CPO of an altornt&tintj nQtur o. `Thorotoro it to 
Oo!ctIJflefl coxn4dorod docireblo to h o ooio olopo on the 

upatroe taco moo.. his c a. bo invoctiatod by +moo rinq the 
ronponoo of tin orl inca +rte and ci modi od dcio obtained by 
rCOVIn1 concrete froi the dovzlotroc taco and add it on 
to ugotrcnt taco, no that the total vo3w o of concrete cicint, 
the ono. It U be obaoa od that tho dynamic z~oponeo In the 
two ooctiono uhon obtcijnod bytnrj bow theory vould be t'io 
oa o. Thuo it ciao concludo 	) t,ot the Corr ontioncil p 	.lo 
7ould bo adoquato under oorthcauako condition ctl o. 

tya and A,a trol' ) otudiod +hie point Wither, The 
roaponoon of the Bon tth dounot n elope 0.8 :1 and the 
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up trom fcoo vo too1 cttb tb000 for tho &n ru.tb comotrocx  

o1oo O,851 cn4 ego4roa olopo 0.O25 %1 	jo1bo  otudioc, for 

t troo jgtj of dam (100 ' , 150 n and 0m) . A tMeo' . a000 

for 4 O0 r 	proti  to ,tvon in Pie. 5. 5, troD thiic% It 

t uld bo + oc ' that t! oro to a z'oducttou in tho tonoU .o 
otr000 In tho corn hero tho upot 	taco to o .opin&; (0,062 :i) 

m Sa220 trond to coon in ail othor tioiçjhto of cam* It to 

t cereforo conciudod that tho a otroaa foots of tho dr mC7 
bo qtr pt oi.opin , tnatotl of orticoi. 

`.?  1 EQUA ` 0? TtE0flITXCALU CIMIQU 3 

The adoquacy of thooroticoi tocw4uoz In prodiottug 
the behaviour of a city doa. 	an oartb4wko cry bo coon 
by =pariaa the actual bo aviour of a doa during on oarthquoko 
and. ito thoorottcoiipz prodiotoct bobviour. Tho Koyntz port 

turko of Doe 119  1%? provl4o4 on ozooUont opportunity for 
otu i bOOQUOG thoro a aodoratoi r 1" :g ± (103 0) # vtty dry t: 

sub3eo tod to a covaro oarth tinkv tm000 opicontro io Cory 
of o to tho dz.. - i)aring t' .o aorthqu to the dor non ovor 
f . *aonolitho ouf. orc:d oovoro diotroso (crothints) t*orooO 
t!o non ovor fiou t1cmolitho ad occapod ooriouo dr oao& Tho 
dyo!ic an1yoto of tho U017  and Off? Qoctiono of itoyno dc!u 

was carried out by both the oothodo ) 0, 

Tho nc . 	tccoiio ctr :oo in tho rolion around 

EL 66J a to ct to o order of 33.6 it OD2  on tho upotiloct3 

taco and to about 2,O ki /cm2  on the tovnctrc taoo(36): 
If the c 'noaio toncilo ctronat1 of conoro o ' S3) to aoo pd 
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to be about 3Q )cg/o 2  , It would be quite reasonableto 
expect cracking in the dam. The observed behaviour 'of the 
ins 	shows th t thus e was an approximatelyhorizontal 
arsok at EL 66.5 on the downstream side of the )IQ? monoliths. 
The a gte oe of horizontal cracks is indicated in the region 
EL 60.00 m to JL 73.00 aspeQiaUy az and .EL 66J0 m on 
upstream side. This indicates that structural cre g of the 
dam has occuri*ad in the legion tend EL 66J0 m both on the 
upstream and donatreem which *a as it should ould b expected 
from the theoretically calculated behaviour of the dam. Thus  
the theoretical techniques got proved* 

The model of the highest POP section of Xoynz dam was 

tested on she table. The natural p.xiod of vibration of dam 
in its first mad* was experimentally calculated at 0.338 seconds 
which as found from theoretical analysis by beam method and 
finite element method was 0.31.0  seconds end3.3 seconds r spocas 
tively. Thus the theoretical  ands once again gets graved. 
Steady state forced  vibration tests on the model of N0 ' seem 
tion wore aried matt. The cracks in the mode . ip a rred at the 
neck where the du atatream elope cbenes abruptly Bch wzs 
•xpacte4 by theoretical. techniques and proved by t'b act w3. 
behaviour of the d during earthquake of Dec i1 t  1967.Thus the 
theoretical. techniques are adequate In predtcU rg the behaviour 

of g vity dw during earthquake. This upexivi.nt.3 technique 
should bi used to vet the tb*orttcaUy calculated  behaviour. 



The present d i procedure t 	t h Is based on 
equivalent $isnic coefficient is inad+ quate in the isdsxnic 
design of concrete gravity dai.s. The 16 code of 1971+ 1s 
definitely an tiprovement iin the right direction over the 
earlier codes (1966, 1` '0) as the dynaaic moment$ and Sheer 
calculated an the basis of this Code are very near to those 
obtained by dynsio analysis. Therefore the 18 code of 19? 
can be used for prlirninary design of major des* For final 
design hoevar, detailed analysis should be carried 
out* The dynamic testing should be used to verify the 
results of the theoretical analysis. 

The byd.vodyn is moment and shear 	an 
Specified by IS code (1966, 1970 and 1974) are not correct. 
The j drod amic Moments 	given by the formula in lS 	code 
overestimates the value by as high as 	per cent at 10 
per cent depth from eater surface to as by as 22 per cent 
at bottom of reservoir.,* The corresponding overestimation in 
case of bydrodynarzic sh*.r IS If per cent at 10 per cent 
depth to 0 per cent at bottom of reservoir. Th. correct 
distribution curve for bydrodynasl.o moment and oh.ar given 
in Fig. 4.12 should be used. 

The,  effect of vertical ground notion is negligible 
it the hydrodynamic intertotion effects are neglected. It 
the interaction effects are Included the vertical ground mv4;on 



causes an appreciable increase of about 	per cent in crest 

displacement and 44 to 70 per cent in the critical tensile 

a r.ssuu a 

The a truce ).ik. elivstect twee at the top of the 

dew should be *voidsd. The top of the d au should be provided 
with a light w iSht structural . system in order to reduce the 

tensile stresses in the upper rsgion. 

Abrupt changes in the slope of the dam should be 
avoided by providin , proper transitions or Ciliate so that 
$onoentration of tensile streaaae Is avoided, 

The upstream face of the dam m y be kept sloping instead 

of Verb, al so as to reduce the tensile stresses at top. 

The theoretical techniuea are adequate In predictiflg 

the behaviour of dais siabjeotec to earthy te. The ezpar4. 
mental sntal techniiu, should be used to verify the results of the 
theoretical naiyais, 
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