SEISMIC CONSIDERATIONS IN THE DESIGN
OF |
CONCRETE GRAVITY DAMS

A DISSERTATION
submitted in partial fulfilment
- of the requirements for the award of the Degree
of
MASTER OF ENGINEERING
| in
WATER RESOURCES DEVELOPMENT

o
by /.Q 2
¥ /o -\
M.V. DESHPANDE 3 o 5‘95 26~ 5 5) Lc M/U\
% 724 P
X s 22

WATER RESOURCES DEVELOPMENT TRAINING CENTRE
UNIVERSITY OF ROORKEE

ROORKEE (U. P.)
1975



Water Resources Developsent

DR, §.8.SAINX
PhoDey ¥.1.8,(Indin) pMI 88,7 Training Centre
Reader in Civil Enginesring University of Roorkee

Roorkes {U.P.)

CERTIFICATER

Certified that the diam'rtauon entitled "SEIEMIC
CONGIDRRATIONS 1IN THE DESIGN OF CONCREIE GRAVITY DAMS™ which
18 being sudmitted by Br. M.V. Deshpands in partial fulfile
ret of tis requirements for the award of the Degree of
Master of Engineering in Vater Hesources Development of

—the-Untversity of Roorkes 4s a record of candidate's own
vork carried out by hie under oy supervision and guidance.
The matter exbodied in this dissertation has nct been sube
mitted for the sward of any other Degree or Diploma,

This is to further gertify that he has woriked
for a period of more than nine mnthn for preparing this
dissertation,

$7S.) S

Roorkee {8.5,8AIN1)

Dated dugust ,g ¥ 1975,



ACKNOWLEDGRMNEBNT

Its author deems it a proud privilage to work
under Dr. 5.5.8ainl, Reader in Civil Bngineering, Water
Hesources Development Tralning Centre, University of
Roorkee, Roorkee and eiapresses his deep asnss of gratitude
for his valuahle guidance, encouragement and critiocsl review
at each stage in preparetion of this dissertation,

The author is thankful to his wife Sau Alka Deshpands
wvho has helped him a lot in furtherance of hig studies,

4 mmber o articles on the subject as mentioned
in the list of references have been consulted and material
from thee fresly used in preparation of the dissertation
for vhich the author ezpresses his thanks to the suthors
of these articles. |

M,V ,DESHPANDE



BYNOPELS

Barthquake 13 an important consideration in the
design of gravity dams which are located in seismically active
aress. Theresfores these dans suat ba properly designed after
taking into account the probabdle selsmic forces along with
other loads. |

Past as well as current procedures which are based
on assuzing a design Seismic sosfficlent in the sselsnio
design of dams are entirely inadequate as they do not take
into account the propsrties of the structure its damping
characteristics and grbmm motion,

Thaorstical techniques such ss bean analysis and
the detailed analysis by finite element method can predioct
the behaviour of conarste gravity damp subjec-ted to sarthe
quake accurately. The experimental technique of testing
the models of gravity dams can be used to verify the behaw
viour calculated theoretically,

The 18 cods for sarthquake resistont design of
structures are under constant revision from time to tims
(1966, 1970 and 1974), The dynamic moments anéd shear
distribution as given by these codes vhen comparad with
the one ocbtained by dynamic enslysis ( proposed after
carrying out dynamic analysis of a number of practie
cal dam profiles), show that the latest reglsion (I8 code



1974) 4s most rational as the moment and shear distribue
tion tallys very well vith dynamic analysis. Therefors
thei : Is cods of 197% can be used vlth pore confidence
in prelieminary design of major dams, For final design
however detailed dynamic analysis shouli de used.

The hydrodynaalo shears and moments as given by

the spproximete formulae in I8 codss (1966, 1970 and 197%)
over-estimate the values over the sotwal., The percentage
of overestimation is 5% per oent at 10 per cent depth to 2,2
per cent at dottom 1: case of hydrodynsmic moment snd the
sane is 15 per cent and zero per cent in case of hydroe
dynasmic shear. Correct Distritution of hydrodynamic moment
and shear is proposed.

Light weight structural system should bs provided
&t the top of the dam to reduce tensile stresses at the top.
The upstrean face of the den should be kept sloping instead
of vertical, To reduce tensile astresses at top, Adrupt
obanges in the slopes of the dam should be svolded by proe
viding proper transitions or fillets to reduce concente
ration of tensile atresses. The theoretical techniques &
dynamic analysis of dan bave been found to be adcquatb
in predicting :the hedaviour of dam, subjec ted to sarthe
quske, The sxperimental techniques of testing of models
of dam on shake table are used to verify the theoretical
analysis,
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CHAPTER 1

IXNTRODUCTION
1.1 INTRODUGTION

Concrete smuy dams usually form an important
slement of multipurpose projects e.g. kydrn;imr, irriga~
tion aml ﬂw& control. In India a munber of river valley
projects ares being taken uﬁ._. The gravity daxs need s tmzo
anount of investment. Therefore the dam sec tions would
have to be designed propsrly after taking into account
the forses that would be moting on it, Amongst the other
forces ac ting on the dam, earthquanke force is an important
one governing its stability. This is more true if the dam
is located in a selamically cctive area. Hence the dums
located in selgnically ascllive areas would be subjected
to dynanic forces caused by earthquakes, It is therefore
essential that these dams should be designed taking into
aocount the snticipated earthquske forces 8o that they can
safely withstond future shocks wAthout merious dsmage
Since the feilure of & dam is much mors disastrous to &
community than that of any other structurs, The obaerved
behavicur of Koyna dam during the earthquake of December 11,
1967 4 indicates that gravity dems would be expectsd to mftﬁr
conparable damage during sizilur earthqueke, Therefors ute
most care is necesgary to sccount for the sc&m&c torcu
. 4n the dmm of gravity dans,
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Past as well as current practices for the design
of dams from a selsmic point of view are based on sssump-
tion of a design selamic cosfficlent. Thus the seismic
forces are accountsd for os egquivalent static forces. The
Indian stsndard codes of earthquake resistant design of
dams 1s revised fron time to time (1966, 1970 , and 1974). The
provinionﬁ of 1966 38 codo are entirely inadequate in es inmae
ting dynsaic moments and shears. The I5 cdde of 1970 is
s bit dmproved over thh 1966 cods in that it is first tise
recognised that th accelerations at the top of th dem
are more than thess at bottom and thus the 1970 code spe~
cifies a trimngulur varistion of design seismic coeffie
clent from top to bottem. The IS code of 197% differ
entiates for the first time -betwan high dans (mors than
100 m height ) and lov dans (mSke then 100 & height) and
specifies two approaches for aseismic design viz, the
Response specstrum Approach in case of high dans and the
selsmic coefficient Method in cose of low daos. The

provisions of different 18 codes as regards the dynamic
noment and lah::-ar distribution are compared with those 'ga'.ven
by dynamic analysis for four ceses of dam heights of 50 m,
1008 5 150 @ and 200 m, It is found that the X6 Code of
1974 gives a realistic distributionof dynamic moments
and shbkars vhich is very close to the one given by

. Gynamic analysis, |



©c 3w

The oppromimato forulno givem by tho vorious
18 codco (1966, 1970 and 1974) for coloulating hydroe
dynemic ohosr ol momont wore verified and 4t 1o oboerved
that tho ocogumption,thot tho hydrodynanle gheer ond
nozent coofficlontsy aro constant over tho dopith of tho
rcoorvoir 40 not corrccte In cisna '02‘ hydrodynenic pemcents
tho porcontogoe of orpor vardes fmmfi:iah oo 5% por ccat
at o dopth of 10 por cont Lrom tho rosorvelr wotor cusfooo
to oo low ag 42.2 por cont ¢ the botton o tho resope
voir. In .eano of hAydrodynemic ghooar tho valucn obtadned
fro tn formuls givon in I8 Code orr on hiphor oldo,
Tho poroontago orror ot botton 4o nil ond it ib sbout
+Z84s por cent at a point vhich 18 et n depth 10 porcente
“of dopth boloy tho resorvoir wmtor gurfcco. Thus the
hydrodynamie monents and ghourp a0 given by tio I8 Codo
formuloo are on o highor oldo thon thoso giveon by thoorge
ticel onplynio, Corpcct diptribution of hydrodynonie
noaont and ohhar 1o pmywcﬂ;

4.2 OUTLINR OF DISSERTATION

Chrptor 1I doolo with a cxitical roviovw of curront
dooign procodurc adoptod in tho dosign of den £ron oolomie
point of vicw. Tho eurrenﬁ m-nca'dnie to calculato tho
dynamic nDomento and ohwors ond the hydrodynenic prossuro
ip progontod.
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Clmmr 111 deals wvith the analytical and experime
entel techniques for estivating the dynaric behaviour of
gravity dsm. The two theoretical techniques viz the besn
method and the finite elexent amalysis have been revieved.
The method of dynanic testing of gravity dams on shake
table to verify 3ts behavicur as predicted by the theoree
tical teohniques is briefly discussed. |

Chapter IV presents o comparison of dynemic
monent and shear dlstridution in case of four selected
dam profiles wAth 50 m 4 100 m 5 150 & and 200 m height
and dowmstresm slope 0.8 ¢t ¥ and vertical upstresms face
as osloulated by the provisions of the differsnt Indian
Standard Codes of earthquake resistant design of struce
tures (163 1893 of 1966, 1970 and 1974), These moment
and shear distributions are compared vith the dynMe
analysis, The formulse for determining hydrodynamic shear
and moment as given in various I8 codes ars verified, Zhe |
hydrodynamic moxents as given by the formula in I8 codes
are Bigher than sctual by about 5% per cent at 10 per cent
depth and by about 2.2 per cent at botiom of reservoir,
The corresponding figures in case of hydrodynamic shear |
are 15 per cent and uio. A correc~t distridution of
hydrodynanic moment and shear distribution is proposed,
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Choptor ¥ dcolo 1ith tho significont rooulto

obtained by vorious imcsﬁgatom aftor atudying tho
dynooie  bohovlour of a mmbor of grovity dom soctions
theorotically and oxyemmsntd&y » 3ho offocet of rogeys
voir wmtor aml vortical ground motion on the éynonic
rogponse of thr donm is dlgcuspeds The importance of using
1icht wveight oystcn at top of dan 40-to reduco the tenoilo
stronoes at the top of the is brought out, Tho offogt
of abrupt changeo in damﬂigmm foce Olopes of thy don

10 diocuopod. The offcet ‘an‘oloping wotrean foeo of tho
don 40 dipcunocds Tho odoquasy of thoorotical tochniquas
of dynomic onoldysio 15 dlocusscd.



CODAPTRR = II

- FAEIET  DESIGn PROCEDURD

2.9 GEIMAL

Tho foreon vm'ch tra gongidored in thy dosign of
gs*évaty deno aro voll hnown. Thooo forcos oro brocdly divided
into tro nodn aa‘éoa&ﬁeﬁ Lo ihd purposo of dcniw.' *i’hoﬁ* fab ]
co gollowd 3 |

(o) ngmal ;oadﬂ -

Theoo ore tho londs vialch aro plunys acting on €ho
don,  Thoy oro, tho woight of Gom ond 480 oUDOPOLFUCLURD ,
tho wntor proopurs  corrooponding to ¢tho roporveir icvol
ond uplift. 7Tho woight of tho don qnd osuporotrusturo can
bo dotormined to o foirly poaconnblo coount of oocurccy.
Sinilorly tho wotor PEODDUrO  oon bo dotosvined fe;:rz.y
occurntoly, Tho uplift prooourcs ore howwor not prc:cinoa,y
prodictable. Tho don ohnll invo adoquato otobility undor
norucl 2oadn. Tho focetor of oofoty and ¢ pordoodblo
otroos in tin doo 4n cago of nomnl loado shodl not bdo
ozeocdod. |

(b)) /baormal Loodo

Thoso loado apo thono vihdeh aro oscoploncd 4n naturo
and vhich oro not oluays ceting on tho don. Thoy arey tho
wove prosourcy olilt loand, ico thrust and oarthquoko forco,
Tho carthqurho forco io thy mont ﬁ.mportnnt of thca all,
Duty wnfortuaatoly th carthqualio forcep aro not prociocly

+
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predictadle. The effect of the earthquake on the reservolip-
dam systes 18 two fold. Pirst, as the ground vibrates the

dax also vidrates giving rise to the s.ritruul forces, Ssoondly,
the reservoir also vibrates, giving rise to the hydrodynse
zic pressures. The two forces i.e. the im rtisl force end

the hydrodynamic pressure are discussed delows

242 INERTIA . FORCRH

The Indian Standard nmuria""‘” for Rarthquske

. resistant Design of Etmetwes {183 1893 , of 1966 and 1970)
spaeiry a basic selismic coefficient (« o) for each of the
uimm gones in wvhich the country is divided.

The horizontal seismic cosfficlient %, a# specified
by the 1531893 of 1966 and th I8% 1893 of 1970 s as
glven in Fig. 2.1 Yelov

pan rop_k——2 ) 7l Ho—y —_
Hx Height |
of Dmgb H=Height of
DAM
N ,, v ‘
(») 1831893 of 1966 (b) I8 1893 of 1970 |

ng.an Distribution of Selsmic Cosfficients along
' height of dam,
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* The effect of vertical sarthquake accolamgton
is to change tis unit welght of water and comrete. An
- acceleration nwardl incroases the wveight and an acchlera«
tion downwards decrensos the weight. The vertlcal and
horizontel forces aml moments computed for the snalysis
without sarthqueke effect are multiplied by the factor
(14 4) toinclude effect of vertical accels ration. The
vertical seis nic coefficient o, shall be taken as half
of the horizontsl seisuic cosfficient ot any poz.nt sccord=
ing to both the I8 aodn“’e) |

The uplift is assuzed to be unaffected by the
earthquake, according to both the I6 Codes'M'¥ | tng aure-
tion of earthquoke 48 too short to permit building wp
of pore pressure in the concrete and roxmdation“’a) .

'Bxpsrinental and analytical methods irdicate that
an sarthquake acceleration is one half as effective in
#ilt or soil masses as it is in mtur”‘a)@, This is due
to the internsl shear resistasce of the silt, Since
the unit veight of water 19 slso approzimately oneehalf
that of silt; it is sufficient to determine the lncrezss
in 811t pressure as if the water 1s extended to thy base
of the dam, This increase is then edded to the static

silt pnuur«u’z} .
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the 088,880 rcormends that the earthquake
loadings shculd bs selected after consideration of the horie
gontal aund ‘eérti.c;l accelsrations vhich may be ressonadly
expected at a particular sito. These are deteruined from the
geology of the site, pronmitr'to inasor faulté. the previous
sarthquake history of the reglon, aml such seisuic records
as are eveilablel’®), It envisages use of wnitorni  horie
zontal and vertical seismic coefficlent along the sheight
of the aam 19" 1o joint smCEISCOLD Comattes’™ atates
that there ars different prae-ﬁeeﬁ in the United Etates
a8 Tegards the earthquake forces. Belamic forges are generas
1ly considered in areas where thers has beon a history
of seisxic wtiﬂty(i*’ o Gelsmic sffscts are applied as
loads on ths dam snd ers computed fyom the conorete
inertia effects due to acceleration. Horizontsl accelerss

tions ranging upto 0.1g are used. Hinds, Creaguer andﬂunztin(m

also recommend & uniform seignic actelwration siong the height
of the dam, The inertia force 15 assumed to sct through the
centre of gravity of tis section belng eonsidam‘3).

Thus in all the previous pubuaatzqnl(zﬂ’w*”}
it was a common practice to use unifom seismic coefficlent
21l alongthe height of tle dam, The I8 code of 1970 for
the first time specifies a triangular variation of selemic
cosfficiant slong t helght of tra dam. For caloulation
of 4nertia force, the dam is Alvided into a number of
horizontally divided sections and the weight of each
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section is found out, The weight of ths scotion multiplied
by the seisulce coefficiont ~at the centre of gravity of the
saction gives tis inertis force soting on the section. The
cumilative totnl of these Anertiel forces from top to bottom
of the section gives the dynamic shear and sum of the nooent
of these inertial forces about the centre of gravity of the
ssction under consideration gives the aynamic moment.

2.3 HYDRODYNAMIC PRESSURE

Thera are Gifferant approaches for the determination
‘of the hydrodynamic pressurs. The nature of water prossure
caused by earthqueske may be ropresented by a curve ths true
equation of which 18 couplex. Davu(*ﬂ sgsuzed this curve to
approximate on ellipse. waaterganrd“) _datarmmed that the
hydrodynaric prossure curve approached a parsbola. But ,the
formmules g.tven'by hin ore applicable to dems with vertical
upatresn face only, It has been shown by Kotsubo'S) thet
Weatergnardts solution 1s valid only vhen thoe period of
harmondc exoitation is groater than the fundenental natural
paeriod of the reservoir, |

Broktz end Bedlturn'?) demonstroted thet 1f the
resaivolir is of finite length in the upstrcam direc-tion ,
the pressure increase is not ﬁom thon 0.5 Sr VB> 2
Uherzy, I 18 the length of the reservolr and ¥ the depth
of the reservoir, If the upstrean end of tle reservoir is

assumed to vibrate with the ground, the effect of length
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48 negiigible for I/E >3 . It has also besn shoun'd
that the pressure response 1s not ﬁgnsiuva to reservoir
length. It Jay be seid in praccticsl situationses the
reservolr aﬂm:da to large distances , ma length of the
reservolsr mey be telton as infinite without introducing

much SXTOr. |

The mout widely used formilae for the determination
of the hym@naﬁia‘ prassure are those | given by zanm“z) .
The Zangarts CLormules are besed on the ma_uzzptlonh that
the water is incompressidle, only horizontal earthquake is
considsred, dam io assumed to behavhk a8 & rigld body,
sarthquakts is assumed to manifest itself as a harmonic
motion; and the displacamm:a‘am assuned to bs small, The
18 oode of 1966'112) and 1970 botn spscify the use of
Zanzér'i _fommlae for dstermination of hydrodynamic press=-
ure, _The hydrodynanic ptﬁsme at any depth ¥ belov the
raservoir is given by |

P, = C o wh | (2.0

vhere, P is tie hydrodynsmic pressurs in kg/m?" at depth ¥
C the coatﬂﬁh ut whioh varies with shaps and depth, o, the
hordzontal seismic coefficiesnt(s 2«) a2 y ¥ the unit weight
of water in kg/m> and h the depth of reservoir in m. For
scourate determination of the value of *C+ the IS c:om“*a’
of 1966 and 1970 provide curves for verious shapes of the
upstrean face of the dam end depths whicb may be used. The

» . (1,2
approximate value of *C¢ may b2 obtained by
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@ [x . [y y
0w — |g-(2- %)f;-g(_a- =) | @2

vhersy C, 1s the meximum velus of c,h the depth of the reser-
voir inm and ¥y the depth bolow the reservolr sufface .

A curve of the maximun value of ¢ ’,l_;‘ﬁ Cp 2s2inst the
inclination of the upstrean face of the dem with the vere
tical 1is givm'ih the two 18 Qodu“'-z) for casec of the

dem where the upstream face has a cormtant slope . If the

slope of the upatrean ".Gam s not constant then for the
case vhere the laight -of!tm vertical upstream face of the
dem 1s squal to or greater than half ths total height of
the dam, then ths dam 19 analysed as Af uwpstreanm face is
vertical thmghmt. If however, the haighf; of the vertical
portion of tle upstrean face of tho dau is less than one
balf of tim total height of the dam, the pressure on the
sloping line comnecting the point of intersection of the
upstreanm fsce of the dam without the ressrvoir surface with
the point of intersection of tio upstresn face of the dem
vith the foundation. The approximate values of the total
horizontal shear and moment ehout the centre of gravity of a
section dus to hydrodynamic pressure are given by

V m0.726 Pe y (2.3
M = 0.209 Pe 37 92.4)

wvhers V and M are the hydrodynamic shear and rioment ress
pectively at depth y below the reservoir depth.
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Siuce the hydrodynamic pressure acts normal to
the face of the dam, there shall, therefore, be a vertical
component of ‘thu' force 1f the face of the dam against
vhich it is acting is sloping, ths wagnitude at any horie
zontal section is given -by

vhere, W 18 tho increass {or decrsase) in vertical cotpoe
nant of load in kg due to hydrodynamic forcs, Vg the

total sheer in kg due to horizontal component of hydroe
dynaric force st the slovation of the secetion belng cone
sidersd V, the total shear in kg due to horizort al come
ponent of hydrodynamic forse at the elevation at which the
slope of the dam face comzenges; and &  the angle batween:.
the frce of the dam and the vertical o The moment m to
the verticsl component of tis reservoir and tail water

Joad way de obtained by deteraining the leved am from
the centroid of the pmum(_"z) .

A ]

2,4 DEFICIRNCIES OF PRESENT PROCRDURE

A8 discussed already the [ressnt design procedurs
tmts earthquake forces as squivalent gtatic forces, These
methods are entirsly inadequats for estinmating the correct
stresses caused by &uﬂhqﬁakc forces in the gravity dans,
These nethods ditécssrd the properties of the atructure
and the nature of ground motion. The selamic cosfficient
methods lack any raticnal justification, The behagviour
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of Xoyns dem during the earthqueke of Decembsr 11, 1967
has anply proved tho ihedequacy of the present design
procedures for eseismic design of gravity dams, Thereforey
the ssismic #cortieient methods may be adcquatc for design
of less .tmpértant itmatwa# located in areas vhich are not
vis 1ted Dby severe warthquakes . But these methods are
‘not adequate for dud.gnmg mri important damj located in
sslamically active mai » Yor these dam, detailled dynamio
| anulysis may be resorteds -
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AUALYTICAL AD GRPRRIMIEISAN SRCHUIQUR OF JSALYSIS FOR EBSYMISING
“ | DEHAVIOUR OF GRAVITY DALD

3.9 IKTRODUCTION

" .

A grovity dem 40 coapotod of nmonoliths. Theoo mDonoe

iithn aro depuorntod by tronsvorso contraction jointo. Thooo
Jointo oro gonorolly nanhar koyod nor. mﬁteﬂ. Thoroforo
tho extornal lond o ¢ranomitted vortically to tho foundn
tion and no Joad 1o trononittod hordsontolly to the obutmento,.
Tﬁo nonoliths arc froo to vibpote d4ndoponddnt of onc anothor.
Ttuo the otaobility of fndividund ronolitho 41l givo an idoo
of ptobility of tho vhwlo ptrmeturc. Tho tvo onoldytical wothodo
of dynexio onolyolo vie tho beum nothod nnd the detailed
enalyois uoing £inito olomont nothod tako into secount tho
dynedie  proportics of ptrieturo, 1to donping charactorics
tien ond thy noturo of ground motion. Thoroforc, thoy oro
proferidle ovor tho prooont pocudo ototic nothodo. |

3.2 DB ANALYBIS

Horo tho dom 40 trcotod ao vortical éantiloﬁer
fizcd ot tho booo. Tho vibration of tho dan ¢ranovorso
to ito onio con only bo token into account in thio nothod.
"E% 4o not ponoiblec $o otudy tho offnet,'of vorticnl ¢oupoOw
nont of ground motion on tho dynamic bohaviour of tho dem
in this mothod. For tho dopipn of th‘f.: DocTtion of the dem
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4¢ 4o noocooary to knsw ¢ho foreco So videh 4¢ vould Lo
gubjooteds Knoing tho forecdy tho otropocs can oap-ily Bo
coleuloteds Tho otapd ud o gobtting tho dynanic momonto
end shearp will bo digeusscd horoe $ho oatorial of tho
aen 1o opouned to Dohove Ainonrly cleptic, 40 tho width
of trza gravity don 4o oxanﬂ.fwunt an mpar&oon to s.ta
haiaht, cheny ond sotory inortin mmmaﬁ.onn aro wmao
ily connidorsd in oddition to bonding dcafcmatzona o

Tho otops involved 4n tho Deam oradyois ard, dotore
Dination of tho ratural Sroquoncics and nodo ohapos of tho
drn, solecting cn corthquoko sooponse opocetra for coloule
oting tho corthouoko rogpongo of tho domy in 0o varioun
modos. Ghoro 48 40 nocoosary to knov tho deoping chorpcte
ordnticn of tho dom) cnd fLinally condination of tho rop=ponde
co 4n tho varfoun naturnl medep of vibration of the dcoo.
These otopo uwld bo dlgcuosod holom, |

The natural freqﬁmaim ond pode shopos of the den
oro dotarmined from tho engo of £roo vndcapod vibrations . Tho
oguationo ef motion for L£roo vivrations concldoring bonding
chocr aond rotary inoePla offfocto ¢con bo writton ,(2!‘ v23) ®

Qw(nxagb)c-mmﬁ 633
~n..—n1> “.
a. &y,
(tac 20 02y
&z en) af:& - (3.2)
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In tho abovo oguations ¥ 40 tho totod doflocticn,
Xy 40 dofloction duo to bonding, ¥, 10 tho doflcction 4uo
to ohoory; & tho dlotonoe mcacurod along tho hoight, ¢ tho
tdmo voﬁnhloy B tho nodulus of clagticity of the dca natorial,
p tho maoo donpity of the Doan ootordaldy 4 tho oroa of
crosoesoction of the bormy, £  tho nomant of inortia of gogw

tion about its ncutral nmog # tho ohapé factor,

At tho ¢ronoestcotion of tho don 4o nonevniform

cdong tho height and may"h;uva ony orvitrory voriotion of olopes,
o theoroticol polution of oguationo 3.9 ond 3.2 40 clroeot
4opoppiblo to obtain, Iumordiesl tochmiques oro usod €O OrFie
vo of tho colution and thic io moot sulted for wo with
@pitol computoro. In ordor to oppdy tho mmordenl toohe
niquop, it 'm ncecosary to roulﬁca tho comtinuoun oyotcn

by o dgsoroto pyostcn. Thio 1o dono by dlviding the don into
o conveniont mnbor of oomcnto. %ho moooes of tho oogw |

- nonts arc Lunpod 0t tho eontro of tho Sogacat.  Thoso

duaped wessed aro cgsumad to bo connootcd by letic
olcaonto beving tho proportion of %h’o original ntruce

turc. Undor £5o0 vibrationn, tho pyotca vibrated hamos
nieclly , A typiend algerote ayotca 4o ohowva 4n Fige 3e9

Tho sheayy nonont and dofioetdon diagren for ouch o oyotca
aro sh;mn in FPiguro 3.2.
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For such a discrete system, if p is the natural

frequancy of vibration, the valuesof .moments, shears y and
deflections at an nth point nass in terns of an (n=t)th
point mass are given by following foroulase (24) .

vn a'vm1 L mnﬂ ﬂa 1n‘.‘ | (3.3

My w Mo+ V0800 - 1) (ax) p2e), (3

= nass density

m (=) * ‘ ,
on ® “‘m In ["“5‘ » ""g] (8x) & (8)),, 4(0%) 0 (7p) )4
(3.6)

22y

wvhers,

V = shear force

N = Moment

6, = Bending slope

y = Total deflection

Ty = Bending deflection

Tg ™ Beflection due to shear

P = circular natural frequncy in radisns per second

4x = length of the seguent

1 = @moment of inertia about neutral axis

P
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2] = dhapo foctor
A B arcn of oressd acet:&_on
G o rogulug of pAolaity

npnei o tho moos polnt numbors

Thusy 1€ tho volucos of shoorp nooont, slopo and
dofloetion ot o particulor scotion for ony Lyoguoncy p ore
hnovny 4t 1o poositldo to £ind out the corrcaponding qQuihe
t4¢ico ot theo noxt ocetlon by uwoing oquoticno(3.3) <o
{(3.8) » At tho bopos tho dom i8 conpidored to be £izcd.
Icneo $ho plops 8, ond doflootlons y, ond y, OFO BOFO.

T0 arrivo ot tho cironlar notursl £roguoncy of

froa vibrotiono of o den ¢ trdcl and orror proccdurc 1o
upode A tricl veoluo of p ooy Py is chooton, & ¢logo puonn
to tho fundnnontad natursd froguoncy cam bo modo by using
tho Roylaighto principlo‘gg) e it 4o £irst cssuned that
o ghoar v {1t con bo tohon unity for convendanco) and
zoro nodont oxigts at tho boogo and tho shear and pomog
ot tho froo ond aro cvalunteds Lot thooo bo By oand B, .
It 1o furthor agswnod that o oonent ' (4t con bo tokon
unity for golo of convemicneo) cnd coro ochoor oxioto ot
tho baso and the ohcear and comont ot thoe £rco ond oaroe
again cvcluotod. Lot theso ho By and By « Dowp 32V
end 1, ore tho cetual ohonr and monent gt tho bapo,thon
tho corrooponding quantitico at the fyoo end ore glvom

by
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B B

4

v b m‘g’ S 3 .

o t b vl ? (3.9
¢ b
B B
| Lo,

Hou ;‘%Yb ¢‘ «-: Hb (3.10)

, ™ . .

Dowy 4€ tho voluo of p L0 oech that 4¢ coincidon
weth ono of tho natural froguoncicy of thoe oyotcz, thon
v o ond MQ would both bo equsl ¢o soro. Thot 10 tho

dotorninant
D.
8‘3 L ] B
4s|V, 1 o 0 {3.99)
) |
a D
v

i
In .@noml, 1% vowdd not bo poopdblo o pueoo tho |
voluo of p eorrcetlys EHoucvor varfous voluoo arc orbitroe
rily oooignod to p ond tho valud of tho dotorminant &
golculotod, Any  tuwo exxgcosbmqu chodca volues of py for
vbich 4 chonges oign givoeo ano corroct voluo of fraquoncy
to 1o btotwoon ther, By plotteing tho voluos of p>
vorows 4 wouwld fAvo a curvo oo shown in Figuro No. 3.3

v LN S
o\

J:rpz

FIG.NO. 3 3
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Tho corrcet volucs of pg oro thoto whlch corrole
p ond to intorpoe ﬁion of tho cumo with tho pa onio. Dy
intorpolation o core corroot valuo of tho Lroguoncy 1o
noounod and tho procodure poponted 1l the dcotormiramt
procticenlly vesfiohes, Thudy o eorroet valuo of tho i’mu
gzoney 40 obtainod end tho copresponding dofloetod shrpo
of tho pyotem gives ¢ho modo Dhapo.

Thus tho vorious valuco of tho anturnd froguon-
cdes and nodo phopes of tho den aro obtoinod. Tho noznt
pgop 4o to Brnov tho ropponncd of tho dan to tho carthgucho
omitations, ThoOO FeopongcH may boy ohcory monconds
asgleauons ote . If tho presioo motém of a puitablo
accclem:;reﬁ ot tho gite of tho dom io avollaoblay thon CTho
gooponsc of the dzn cop bo obtainod by wiing ©odo GUPOR-
pooition toelmiguo. Educvor, ouch Cochnigued aro wounlliy

poro time conpuning cmd aro not goncrolly nooessory in
ordor to got ot tho zporoxinato Dahaviour of tho den in
the bosm anolysic. Reapongo in  onch nodo 1o obtained
by uwoing the rooponpe opoetro of tho carthquaken. This io

obtainod moro quickly an tho roaoponse speetra of tho
poot oarthqu;l:oo oro avoilabdo in ntoratm(ae’ s In tho
obaonae of tho cetunl ceholorogrors at tho oito of tho

AQon gvorage apcctm(m s ¥

acn bo upeds Enowing tho pogs
ponocs in coch modog tho totol probablo rooponto 40 obte

olnod by uoing tho root noonm oguoro critorion of coshining
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Chio £CIpontes 4a tho  vordous rodos, Tho FCoponoes obcine

od opo dynomie doflcetiond, dynamic mononto, ond dyncde
ohooPoe Tho ozppososions uood for cnleuloting tho pote
po-00 in oach rodo aro ' |

Dioplreccacat 42&(”‘; o 61‘?’ 'ﬂa,{oé)s, - £3.12)

Lond in S yg af“) (3.13)

Shoar Rt T (3.1%)

% ]

Homont Hy = i ¥ b5, | (3.19)

| #nﬂ o | i n %‘E’)
2 3
’S?E. o & (3*’96’

—
{5),2

Zma (2, )

§=1 ,,

ﬁ‘a = nodo ohopo coofficiont
oy g ma : = @lporoto nanocd
- elirgulor noturcd Croguongy ,.
4 40 to bo counted from tho top of tho drm
AEJ o digtoneo bsﬁ«-cgeon the digeroto ooooes
n o pbor of dloeroto naooen
Y. © sDodo portdcipotion factor
Ga = ppocbrol digplaccaont
2 o rodo mrmbop
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Tho totol probable rogpongo 4c obtainod by

E o Ji‘; [ AL ] 2 , (3.47)

vhora,

A ‘.';‘ o Totad ymm&o rooponoo of quontitdos ko
| ohoor, momont and disploccacn$

A o oo Fooponco  correoponding to o quontidy
© 4n tho sth modo

'R o ousbor of modes to bo choaon,

8inco 4¢ 10 knowa thet 1¢ 40 the contribution of tho Lirs
ot £od:o thot 40 ncoosoory to Coubino tho regponocs of
all tho n® moden of tho dom. Tho mumbor of modos te bo
cobincd A0 uounlly solectod  go thot tho higheot frce
quondy of tho dom 40 of tho ordor of 20 eycloo/Occ. oF ¢ho
ohortost poziod 10 of tho ordor of 0.05 cccondo.

3.3 ROSPONBR SPCCTRULI AIALYBID

§ho pock Fesponoos of otructurcl oyotea {oosumod
to bo Z&ncay oinglo dogeoé of frocden pyntcis) vhen plotée
ed opoinot $ho notural poriodo of vibration for vagicous
voluoo of docoping aro knowva oo gcoponpo opectras. Theoo
peapInsce noy bo tho moyinen Gloplocacont of tho nooo vath
reopesst to tho bapo o C Sorod oo tho spostral dioplagcuont
8d)y or tho momimm voloodty of tho mass rolative to tho

boga  ~C toxmod oo opes tral volooily avh oy o tho
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obooduto cecolopation of the mooo (tormod oo spee=trnl
acceloretion 8,) o Tho ®espongo opoeitra aro wsunlly
obtalnod by uaxxia mer&mi tochniquos with tho holp of
high spoed digltal couputer. Such tochniquao arc wall
lxmvn‘as’m} + For 1dlustration tho recorded accolarogrom
of the oyno Barthquaho of Doccmber 11, 1967 aro givan
An"Fige 3.4 o Tho rosponso Spoectra obtoinocdby mumoricol
tochniquos from thia abovo Mcclemsrm‘m) aro givea 4n
Pige 3¢5 &

~ For coloulations of varioud rosponoos of tho
den d&a to pround motion 3£ g rFocorded cocoloropgron 40 nvolle
oblo for the pito in cosc of paot bav%bgudm, the ocno con
bo uo~d. Put guch oituntion ic rate. In ouch o capo tho
ovoragoe opoe tra obtulned by Hounﬁer‘(w ) ond naoptcd
by tho IG ﬁgdou(%a?sa} con ‘b;:: utiode Buly thero opoctran
would nﬁt bo usoful for opicontrol mg.tonnw:‘” v Buffige
iont dnto howovor g not avoiladleo oo oo to fesilitoto
rocormondation of o got of standard opoctro for cpicontrnl
rogionn. Tho avoroge spoctra an given by Housnor can Do
used only for tﬁa gito vhich L9 obout 20 miles or more

fron the mmommua) + Tho valuooi’f&empmg con bo
dotornined ozpordnontnlly.

3.% DETAILD ANALYSIO USIUG PIITBE ELBUENG METHOD

The stresses oro nﬁlculatod wing bbnding

thcory 4n cogo of botn analyelo vhich asgswies o linocar
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variation of otpcosed cerooo tho vidih of tho doo. But,
in actual proctico the oteodn diptribution io difforont
than linoar becouso tho eroso seetional dimonsions of tho
dew oro gignificent in cooparicon to 4to holght. Thoroforo
the born enolypio giveo only tho npprozicato diotribution
of 0Otpooces in tho don, But; €0 got an acourato ropresons
tatdon of otPeooes in tho dan it 4o nceconory o onelyso
it nocopsarily ap o tvo dimonocional otructurc, This 10
donc by noing finito olcamont mothod.

The doteilcd dynomic onalysic using finito
clcsont mothod 10 & woll known techmiquel21e25e3%s35036538540)
In this anolyoio £irot tho den otructuso 40 roducod o o
diocoroto pyoten by diplding the dem oropd fSocetdon into
o mumbor of finito olczonts. Tho finito clemonta may bo
oithar triongular, restanaular or Qquandrilatoral. Sovorcd
findito clcnent nodolo oro availablo far'anal_ynim tho oyotcas
poprooonting planc bohavsoust 043 | Gonorolly, for groator
nocurocyg o finoy noph vhich in tnréfgfaargd mmbor of £inito
olcaonto 48 woeds Tho noro tho findtc olcaonts tho core will
bo tho dogreos of frcodom of tho oyotcn. Thic rogmieos o
- dapgo computational timo ond nezory of tho computer. T
typeo of firdto elcmont idocligzation of horogoncoun corth
deo ono vith roetanpulop olchonto pre@oninant ord tho othor
vith only triongulay clenento (%3) worc studiod. It voo ohowm
thot  tho uso of conbination of reotongulor olements &n
firito clcaont idcaddzotion 1o bottor in comparigon to tho
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uoo of Etrionpguler cleoomto clonoy oo for tho gano acoure
coye Whd mrmbor of dogroop of froodon in thoe formor
coso 10 tuch looo thon thooo 4n the Aattor easo. This
‘ultinatoly rooulto in ooving of meaory opoeo and ¢onpe
utor timo, A pogardo tho coaroonoos or fincnoso of firde
to 'elonont’mcahg 4¢ ooy Bo ptotod horo that for |
oveduation of forcos o polativoldy cooyoor mash would Do
nufﬂeiene.&a). But, for tho ovolu.tion of otpoonco
(L)

o vory £inc nooh 10 nocosoory o

In thic nothod %he vorticol oo well co
tho horizontol codponcont of tho ground motion eon bo
talzon into account. Tho oguation of rotion for treo
undompod vibrations 40 golvod to ot tho notural
froguoncios ond nodo shapos. Knoving lthouo quantitico
the roopongo duo to particuler ground motion com bo

o (35,%0)
obloincd by uoing tho wodo ouporponition wethod .

3,5 DYNAMIC TBSTICG ATD 178 DOFICIIICIDS

Zho dynmmic bohaviour of the coneroto grovity
dan can oloo bo otudiod oxporimntolly using o choko
foblos Froo vibrotion tests aro corried out to dotore
Dino tho fundeacntad noturol pordod of vibration cnd
Dodo ohapco. Poreod vidbration tostn aro carriod out
%o dotemine tho occeoloration rosponoo ond to find
tho woak zoneo of tho obetion. Bo for, tho dynamic ¢ooting
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for tho rodols of tho nonsovorfloy cootion of Rolltowndd

den (maoonz’y)‘ 50) end Boyno. dm‘g” havo baon carriod -
m@o' ,

Tho ﬂmcmy of codel amalyoio 10 prooonteds Tho
portinont vapriabbh o d4nvolvod in tho nodol tonting arg

Lincor dinension of tho dem €L)

Hoipht of tho dom (%)

Dioplaccront of tho dom (L)

Uelght donoity of dno moterdcd( FL™3)
Iodulus of clootichty of dom ootordcl (7L
Accoloration oppliod to tho dom (L8™2)
Ascoloration duo to pgravidiy CLT”Q)

f4no poriod of dem (%)

Forco nppliod to tho dom (F)

Otrconen 4n the don (FL™2)

g ® 20 0 O g 9 m

Tho dinengionn of tho vardouo voarinblel aro indlcated
in the bDrockots. Tholr physicol quontitios oon bo  gsouped
into dincapionlops tormo ond tho prediction oquetion com
bo vritocn oo

2
H a . o P
L L g L 0 E @m?

Por o truo otructurcl pedoly for otudying cny quontity
of dntercot; tho rcanining dimompionioss tormo rmst be tho
oamo  for modol and prototypo. I thio comdition L0 natinfiod,
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1% wvill Ds possitle to predict the beshavicur of the pro-

totype from tho observed, behaviour of the zodel. However,
it is practically difficult to moke the dlmensionless

W
torn B seme for the model and the prototype which
requiras that |

wh wil
—— . T j : (3;‘ )
s )‘Mﬂ TR prototyps ?
or
' L .
”m » "p 2: " 1:: ' C3-20)
or Vo =V | q ' (3.29)
%

Where £ denotes the guantity lp.rtanins to model and p
denotes the quantity pertaining to prototype, q is the

scale ratic and squals Lp/l-u « 8ince the models are usually
made szaller than the prototyps the condition given by the
squation 3.51 requirss that the material of the nodel should
have low slzstic modulus and high denaity. This condition

i3 usually not practicable with a large scale ratio. Hence
by making observations on models, it is not pqn’_ibla to
complately predict the prototype behaviour. However, even

1f the density condition is violated, it is feasible to atudy
the dynsmic characteristics such as the natural period of
vibration, mode shapes and acceleration pattern, Further

1f the model material hss low strength, it is possible to
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yibrats the model to such en extent that cracks are produe
ced 4n the model which will be indicative of the weak sec-
tions of the model. Thus vibration tests are usually carried
out on gecmetrically sinmilar models with a limitad objective.

For the dynamic testing of thi§ model of the m
a shake tadble is used, The aizc of the shake table ua'd

for RKolkewadi dma‘go) model testing weas 2.0 m x 1.0 m,
Keeplng :..n. view the size of the shake tabls a scale ratio
is chosen. In csse of Kolkcmdt dam it was 100, The
nodels are prepared of the mz.xtm of plaster of paris and
28nd' 7997, Thte mixture has the qualities of quick setting,
{low modulus. of elasticity and smsll tensile strength, The
proportions used in making models for Knlkeﬁau dam vere,
Plaster of i’aria s timd 3 vater as 111083 , The steady
~ state motion to the shake table is imparted with the help
of an  oscilletor driven by a motor. The spsed of the motor
can be varied by & spesd control unit. The accelerations of
the model are picked up by an electronic amplifier and
pecordsd on the pen recorder.

~ The free wl‘b.ﬁum tests are carried out to detere
mine the fundamental natural period of vidration and mode
shaps. Acceleration pickaps are fixed at selacted polists
along the helght of the dam, The model is excited by giving
an initial displacexent in the transverse direc-tion and

the resulting accelerations in the models sre rscorded
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on pon rocordors. Froa tho rocords no obtalncd tho natural .
poriod of vibration con bo odtainod. Tho rodo shnpe i obtow

inod by normalising tho mecolorations wAth respecet totho
agcclorationo st tho top of tho modal.

For computing tho naturol poriod of tho prototypo
eonolith Srom obsorvod voluo on the nodcl, tho voluo of
longitudinal vavo wolocity, ‘rgln ¢ 4n tho matoriel ic
roquirod. Horoe [ 40 tho podulun of clooticity of tho
notordel and 0 419 tho nooo denocity of tho matoginl. Tho
lonpitudinal vovo voloelty for tho dam matorlal can bo
assumod at 3048 n/o0ce. (10,000 £%/nce) oo hno boon aopuaed
for Itolkmmdi dan, Royna dm‘so?gﬂ For tho model
natorial, tho longitudinol vavo volocity con be vorked o
cxperimontolly by vibrating vortical prigoatie contilovors,

Tho solationnhilp botwoon t!;o naturnl poriod of tho
prototype ond tho podeld 10 oo follovo §

18 g
1%/ %

vhoro %, 10 tho noturcl poriod of vibrotion of prototype

?9 “

éco and T, 48 that of tho modol, q 4o tho model oeale ratio.
Tho conpatod noturcl porleds of vibration for Hoyna ond
Rolkcwadd don shou gocd agrecnent vith tho valucs of tho
theorotically conleulateod pezdodn(m’yﬂ. gimilarly tho
fundaneontal rode chopo obtoined ‘by thooroticnl anslysio
phous o good cmparmonwmo
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Otccdy n-i:aéo foreod wvibrotion teots are porfosmed
to otudy tho accoloration reapvﬁﬁe and to find out tho wvock
sonas of the soction. Gantinma roeosis of the shako tablo
aceolorationn ond tho accolorations at tho top of tho modol
oyo obieinod. Tho opood of tho oneillators ic incroacod £421
the firot oreck occurs. Aftor tho aﬁpearamo of tho firgt
erock, tho shaking 46 contirund 2311 furthor orncko dovalop
and ovortoppiing of thoe orackod part&ﬁn‘dccura. A gonparie
von of tho accoloration at tho top of tho modal ot £irot
crack ao obtoinod ompordnantolly with the theoretdoclly
proéictod accoloration ot tho tﬁp of tho nodol chous good
ogrocacnt botveon tho two!%0),

& conparigom of tho model buforo and aftor tho
otendy .stato forced vibrationo toots chov that tho orccho
ocourred ot tho acchk vhore the downotrocm olopo chenged
.nguggly(SB,E%)‘ Grncﬁiﬁa uao ogpocted at thioc lovol oo ¢ho
otro0ocs calenlated by theoroticel tochniquos woro highor
than tho tennilo otrangth of the matoriol of tho dom. T,
tho dyncnice tonting 40 an effoctivo nothod to #hcrclz the
cdoguacy of tho thoorotical techniqQuas of vibrotion
“anolycic of don.

Houcvor, thorc npo lmitations 4n tho npplicoe
tion of tho dynonic tooting o prodiet tho bohoviour of
“tho prototypo £roa oboorvctions on modols. It will bo oloap
from tho dicousnioa that follous thot 4t will not bo Posoe

iblo, in prac ticoy to cotiofy all tho soquiremonts of
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similitude. Due to impossibility of simulating all nodelle
‘ing conditions and also dus to difficulties in reproducing
 earthquake type of excitations in the laboratory, experi~
. mentai studies give results which a{u hasicelly Qualitative
in nature) Rowever , the behevicur of the model, observed
sxperinentally can be ne;marm with its own theoretical
behavicur, If the theoretical and experimental behaviour
of tht uodel 1taelf compars t’mrourably, the ndequacy of the
thwmtm;l:ﬂethoda of analysm gots 9m¢d. “



CHAPTELR =1V

OTUDY OF IRDIAN STAIDARD CODE PROVISIO!S AID COMPARIGOD
UITHE DYIRMIC AUALYSIS

bt Gﬁ!&ﬂl@

Tho Indlon Standard codo for Barthgueko Rosistont
Dooign of atructures 1o undop conptant rovision (1960641970,
197k}, Tho dynepdc mononto ond ﬂham coleulotod on ¢ho booio
of roceznondationo of thooo sodon whom comparcd with tho
dynapic momants and ghears ao obtainod fron dymepic onelysis
vould dofinitaoly indlcato vhothor thoso rovipiono are mﬁiaﬁ«-
2l or othorwito, A oioplificd procodurc for dynerioe ondlye
- ois 4o davblepc;d after corrying out dynanic cnolysio of o
mmboy of practical profilos of grovity dang gubjootod to
throo otron __“,Qat couponcnts of rocorded growmd ma‘bmn(gﬂ .
Lvorape ourves for datom&nmc tho fundemental natwe ol
poriod of Gom, dynomic ©Dozonts snd ohoors nlong the
hodght of tho darl ave propodscd £rom vhich hnowving tho
gaamtry of tho dem profilo and tho Qatem&;{. proporties
and using geloetod ropponso opestrn those quontities eon bo
oasily ccicﬂaio&., 'ﬁ.’hc dynanic mononts cnd ghoor of por
tho IB code proviolous sixd 08 per dynsxic onolyoin ore
compurod vith oach othor.

Tha I8 codo of 197% opoctfiocn uoo of tuo approtchos
to ealoulato tho dynoode momonts and shoors vig, tho oolcrde



cooffioimt nothed for domo upto 100 D hoight and tho
roOponNsSo OpCCtruy npproach for 4roo over 100 o hoight.

In ccoo of poicaic coofficicmt mothod tho baske
podonde coofficdcnt <, 45 opocifiod for cach of tho
oolomie gonos ingdoh Tho oountry 4o &v&dod. Tho voluo
of horiaon%nl sclomdo coofficient & Doy bo talton oo

G O 15 P Xy (Be?)

vhoxo p 40 o coofficikant dcponding Upoa 0oldeLoundation
oyotca noy bo tohon ao | for dopmoe £ 40 o goofficiont
doponding upon tho inportonec of tho otructuro ooy bo tckca
a0 2 for dono « Ty for dono tho bordoontol ooiomoe
noofﬁciont a® top of dra vosko out o

' dh o3 ﬁ CI\Q (lﬁﬁ 10)
Tho voluo of bhordsontel oocicoie coofficicat ot botton 4o
$020 o Mncar vordation £ron top o Dottty 40 proponcds

In tho rcopondo cpcatsun nothod the I8 codo of

197 oponaﬁeb that tho hosigontal polonie coofficicab
poy bo takea oo

3

By (%e2)
CXB e B z I70 G
By
o 2 1?0- .E... (beaﬁ)

vhore B ond I bavo ocmo mooming oo oZplainod corlior

I?Q 40 tho ooicole zono Lnctoy for cvorago nccoloration



3

gpoctyn ond A0 opoolficd for oneh of tho ocdomic smoneo
Da/cs 40 tho cvorngo accolorntion ¢oofficiont and oo
bo Pcad £xom tho accolorotion opoetra given in I8 godo
- {197%) for opproprioto notural poriod ond domping of ¢ho
ptrusturo. |

-The ealeulotions of dynomice chooy and nponcat
con bo dono caoddy in cano of pofonde goofficicnt mothods
Fos tho Responsa opoetruwi nothoed tho 168 codo of 197
opocifion tho following fommala for cploulating tho fundte
neptol  poriod of vibrotion of tho don ¢ '

Ha
16 %
vhoro I 40 tho halght of tho dom 4nm mofory D 40 tho bego
width of dan 0y B, Sho oodulus of cleotioily of tho den
matoricly Kam® p 4y Cho umit volght of tho don motordol
g/ , ond g 46 the tecclor tdon duo to grovity 4n n/oce?
Uoing tho poriod as ccdeulotod by oguafion k3 obovo ond
o dooping of 9 5 the dooipn horisontol poicmic goofficiont
%, 6on bo enloulatod from oguotdor (ke2n)e

(5.3

T o 5.97 il
5e95 ==

Tho bapo ohoor cnd momont (Vg and M)  soopootie
voly ach bo oolculatod by following formasloao

?B = 0.6 Yo (hob)

By w09 uda, - (5.9 |
vhoPo U 40 tho total wolght @f tho 4o, 4n kgy B tho hoight



3%

of ccatro of pgrovily of tho drm abovo tho bapo &n op osd
< 08 alpcady dofinod.

For any horigontal goctdon at dopth ¥ » bolovy

tho top of tho dan Sho choar Vo and the bonding noacnt

My ooy be obtained ao follovs .

?y o G; VB _ ° (Be0)
H, o A < (5e7)

- Tho volws of G,; ond 0:3 aro givon in o plot corrooponds
ing %o voriouo y/n patlos.

In tho ammﬁoa‘m procoduro for dyncmic onalye
080 cortain gropho ore given £xom vhich haodng the ontore
i0) proportdos of tho don and tho Gotoilds <bout tho cooose
poction of the don tho fundenontol naturnd poricd of vﬁ.bmm
tSon, ecm bo enloulnted. Knowing the fundeoontel pordod
of vibrotion of tho ¢ny wiing tho ocloetcd accclapation
opcetra tho 6./ con bo recd froo scmo corrosponding
to opocificd dorping. Furthor f£roo tho averago eusvesd
clven Lor +¢tho dynonic nowont and oheooy cgoofficlonto ot

tho botton (C b and cvb) con bo reond for tho dem hodipht
ond  totol clopos Marthor froo tho avorago dlotsibutlon

Curves :?oa moneatn ond ahear tho voluo of mon dinonoichod
coacnt :md ghear coafmeionta {x) and §(z) can Yo rood

£ron thefo p the volued of Dononto ond cheoart o ony

point = .abovo tho baoo of tho dca con bo colenlatod oo



follovos
| | @, .
Hw o] ﬂ‘m Cmb s Yallo . ) ( OB)
7}
T = B UY 4Gy . b O (4.9)

whoro U 40 tho totol woight of tho don p B 40 tho totad
haight of the don Ga’ g 40 tho cegolorntion coofmc&m;ﬁ

in tho Awmdeneatcd nodo of vibration of tho deme

L,2 ODLECTION QF DA 8-CTX000

Tor tho oolo of coapazioon of the dymende coont
ond Ohoar Giotribution oo por tho provioiond of tho X0 ¢ode
raviooed £ren tiro to tivo (1966, 1970 ¢ 197%) four 4o
croooesoe tiont wvith upotroon Soho vorticol ond éoms(’.m
‘froo with o clopo of 0.8 3% cnd wodight 50 n, 1000 4
950 0 and 200 B oro Oolootcd oo ohoua 4n Fige Bede Tho
dyroric coment ond ohcor coofficionts at vorlous point
bolov tho dom aro culi.amle:-é:cd@ Theoo voduas oro onpresoed
in ronedincacionol Lorne Tho volucs of dynomice noaonto ond
ohocr0 ot ony point oon Bo  omprosnod in Somp of £olloving
in occov of I8 eodco of 1940 cnd 1970,

o oY) o vl g, | (%.40)

% o 3 (\[) » t}u dﬂ (%‘011)
Tho veluco of mozont ond ohoor can bo oapressed 4n crso of

I0 codo of 197% ' vhore tho roupeonco opostriun opprodeh 40
propoocd ond im onse of dynomle onalypice
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Fa 5.12)
P | |

V, =By v e (4a13)
s

4.,3CAB8 1 DAM BRIGHET SO n

The dam section has been divided into 10 segments
as shown in Flge %.2 The dynasic moment and shear cosffie

cients are plotted against the corresponding points along
the height of the dam as per the provisions of 18 Codes
1966 md 1970 wide Fig. 4.3 The dynamic shears as psr the
I8 Code of 197h would bs the same as given by provisions
of I8 code of 1970 u‘ the provisions in both the cases are
sxactly same. The dynamic shear cosfficient in cass of
dynamic anslysis can be caloulated mfter determining the
fundamental ratural period of vibration of den, the cale

: euhtiuni of the same are presented in Table 4.9, The
values of bass shears coefficisnts (3,) are read from

the aversge curves propossd in dynamic analylil(SS) .

The relation betwsen the dynamic shear cosfficient
(%) as read from ourves of dynamic analysis and g M
a# propossd here is as follows ¢

_p(fy) = B (W) . 0. 2 (ho1h)
= 2Xx 0!51?5 P ()
& 1,035 ﬁ {n)
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The dynamic shear cosfficients g(y) are plotted in Pig.l.3.
The velues C\d are given vide Table 4.11 for all the
cases, |

Sinilarly the dynemic m moment coefficiants in
case of 18 code of 1966 and 1970 are obtained and plotted
in Fig. 4.3+ The dynanic monent coefficients in éaso of
I8 code of 1974 would De the same as given by I8 oode
of 1970. The value of dynamic woment cosfficient «(y)
" would be related to the value «(%) as read from average
curves in dyanmio analynu(m as follows

‘U"’ - *(u) 24 Gmb, ‘,0115)

Ei‘ﬂ

%
= «&(n) 2, 0.2725 760

s 1 l53 “(’0

The values of dynacic moment coefficients g«(y) are plotted

in Figure 4.3. The velus of Cp, are given in Table %¢11
for all the cases.,

b GCase II DAM SEIGHT 400 m

The dam 1s divided into 11' segments cs shown 4n
Pigure W+ o The dynamic shear coefficients caloulations
- ps per the I8 Code provisions of 1966 and 1970 are
glven in table 4,1 and 4,2 respectively, The relation
between the dynamic shear qosfficlent (:;‘ as given by
16 Code of 1974 and the dynamic shear coeffioclent R(y) 18
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BE)) =0.6 x2x0
L]
» 1.26, (%.18)

The values of c; are read from ourve given in I8 code of
197, The corresponding values of (3 (¥} are celoulated vide
t‘bh "'031 ‘

~ The dynamic shear cosfficients B () =nd those

read fron average curves in dynawic analysis are relsted
as from equation 4,1h

B =2x0.5%5 By

= 1.075 8 (o (4.17)
These values are given in Table 4.b,

Similarly the values of dynamic moment coefficients

4

are calculated as per 35 codes of 1966 and 1970 and are
presented in Tables 4.5 and 4.6 respec tively. The relation
betwsen dynamic moment cosfficient «(y) "and the one Cp

88 road from curves given in I8 code of 1974 418 as follows

*‘7’ = 239&9!0&
m 1.8 0; ' (‘018)

The valw s of G, are read froz curve in I8 Code of 197%
and corresponding values of «( V) are calculated vide
Table 4.7 . |

| The value of dynamic moment coefficient «(y) is
related to 4} in case of dynemic snalysis by squatim

4,15 which works out to



¥

x «(x)

, A 00
» d\(y')'u 220,225 x 56

= 1.635 (0 | (4.19)
Thess values aiu given in sm..#,s.
The values of dynamic moment coefficlents as per
the various I8 Gmia provisions and as per dynamic analysis
are plotied in Fig. 4e5.

4.5 CASE IIY DAM HEIGIT 150 m

In this came the dex profile is divided into 13
segnents vide Pig. 4.6,

The dynamic shear coefficisnt ;3 (Yy) and that |
given by d4ynamic 'analynn g () are relatsd in this
cass using eguation L4,1h =ae follows ,

By =2,0525xpmn
& 1.05 gOY  (he20)

The dynamic monment coefficisnts as per the
various I8 codes (1966, 1970 , 197%) are plotted in Mg.h.7.
The dynamic moment coefficient «(y) and X(1) read from
curves in dyssmic analysis ars related by equation 4.15

o y) = 2X0.275 x i‘%u x aly)

w 1,700 «{x) (b,21)
The values of «{ ) are read from curves given in dynamio
analysis, The values of dyranic moment and sheay coefficiants
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are plotted in Fig. 4.7,

4,6 CASE'IV_DAM HEIGHT 200 m

For division of dam profile plane vide Mig. 4.83.
The dynamic shear coefficients {()) can be calculated
in case of dynamic enalysis using equation 4.1% as follow

plyl = 2x0.56x3 (o) |
= .42 B ) (4.22)

The dynamic moment coefficients «{(y) can be calow
ted by using eguation 4,19 as

“(y) = 2 x0.28 x 20 ;)

P L,

—_

» 1,705 «&( ) | (4.23)

The walues of shear and moment coefficients are plotted Ar
figure 1:».'.% |

The figures #.3, 4.5 , 4,7 and 4,9 would givae the
quaiitative comparision hetween the dynamic sheers and
nmoments ag bar various I8 code provisions and as par the
dynsxic ansl ysis. But, to compare these coefficients in
a Quantitative manner it is necessary to bring then to a
common basis, Hars it is proposed to coupars the base
noment and sheay coefficients on ths basis of “, the bastc
seisnic €oefficient for the roglon; The values of base |
moment and shear mémuma are already expressed in
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b3
tors of I8 codos of 1966 cnd 1970, The volues of bogo
nomonts ond shoor cooffieionto in copo of I8 Codo of 197%
ond dyncoie anclyelo vould bo ozprossed in tomo of <hye Tho
poriod, of vibration of the dem in ito fundcmentod modo in
cogo of I6 codo of 4974 ond thogso in éam of dynanic
anolyoio ars given in toblo .9 ond %.91 poopee tivoly.
Tho toble 4.90 givos the worfous rolations obtoinod inm
caoo of four cancd conoldored for guontitative comparigon
of baoo monont ond shear c¢oofficionto. Tho veluos of
boogo moxont and sheay coofficlont in four czwed og por tho
praviciony of varlous I8 Codco ond dynonic omnlysis arc
civea in Tablo 4,12 bolou

TABLE k.12 DYDATIC NOIZT AID S-NOAR CORPFICLENDS AT

BABE OF DAl FOR QUAIRITATIVE COIPARIACLH

g1, Pogo momont  coofficiont | Booo ohoar coofficicnt oo por

" *| Cago ao por »

t.od -

IB: 4893 Dyneada I8s 4893 Dyncoie
—l dnolyoid Analynia;
19656 | 1970 | 1974 1966 | 1970 | 1974 |

1 3 2,00 9,925 9.525 9.309 2,00 1.033 1.068 0.88

2 II 2,00 1,520 790 9.570  2.00° 1,009 14340 . 42031

3 13X 2,00 1,520 9,719 1,633 2.00 0.99 1.%62 1,09

he IV )

2,00 1.k35 1.530 1490 2,00 0.9875 1,020 0.98

)

4.7 OBSCRVATIOND

It 10 obsorved fron n porool of figaéea 4e3; %455 4a?
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and 4.9 that the distribution of the dynamlo mcments and
shears as per the IS code of 1966 is antirsly different
fron those given by later codes (viz. 1970 and 197%)
and dynanic analysis. Therefore tﬁt provisions of I8
code of 1965 which specify a uniform gelsmic coefficient
elong the entire height of the dam are entirely inadequste
for tke calculation of woments and shears in thoe dem. The
dlstribution curves for moments and shears as per the 18
code of 1970 are definitely an improvement over the sorlier
code, But atill the distribution does not follow saas trand
as given by that of dynawic annlysis. The distribution curves
" ag per 18 code of 1§?l+ follow vory nearly thoe same trend as
| glven by uss of dynamic analysis. Therefore qualitatively, the -
16 code of 1974 gives the moment and shear distribution slong |
the height of the dam in 2 mors realistic manner asd can ﬁe
used with mach more confidence for preliminary Gesign of
major dams located in seissically active sreas , It
is als0 mmir observed thut the Response Spectrum Approach
Specified by I8 code of 1974% for daas over 100 m height
gives a better distyidution of dynamic moments end shears
vhich is mora near to the rsalistic diatsiimtion as per the
dynamice analysis, The twb distributions taily very well as
the height of dam S.zmrcaa;m.. Thus the differsntiation
between the approaches o the sedsmic design of déma for
lov haights (below 100 m) vhere the I&8 CTads {197%) specifies
use of seismic coefficient method and for higher hoights
(above 100 m) whers the Response sm ctrum is proposed, is
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ronliotic. Thoro vopo houwcvor no ouoh difforentiotion in tho
oarliop I8 Codon of 1965 nnd 1970,

Tho quontitotivo compardpon of nomonto end phendo
at tho baoo of the drn ep por tho various codes ond of pop
dynenle aenslysios cen bo obpoived from Toblo 4.2 + I¢ 40
poan that tho qynomic mozont zind phoay coofficionts ot tho
bano are the highcot in 0ll the casoo congidered oo por
tho I8 codo of 19646. Tho provicione of I8 codo ‘i%ﬁ
ovorottimato tho dynondce shenrn ond momonﬁb ot tho bngoe
Tho porecntago of ovarettimotion {ovor tho dyncmic tnolyois)
in ongo of dynmnmic momont io S5y 27, 22 cnd 3% in Cooo I
IIg 11X ond IV reopocstivoly. Sinmilsrly tho poreontago of
ovor ootimation in tho dynomie ohcars in gorrooponding €ooco
10 127, 9%, 98 ond 10b. Thus 4t con bo cocn thot tho provie
‘oions of I8 Céda of 1966 ore vory such on Che highor 0ddo
in both dym~nie noacat ond shoar ot tho bnto. Thoy oro IWOFOe
fore ontipoly Ancdoguoto. Tho I8 Codo proviciono of 1970
oro dofinatoly on improvoucnt ovor the 1966 codo oo tho
digfaronco botuvoon tho oboar ond momont ¢oofficients 4n thio
cano 40 vory Ooocll oo ¢ooparod to dyncdc onolysise In coso
I tho moxonto ond ohoor ot tho baoo oo por tho provision
of 1970 ¢codo aro on highor oido than thodo oo glvem by
éyncmle annlyodo by opprozinatoly 17 por cont ard 21 por ecat
rogpoe ¥ively. In Feot of tho throo cosco howovor theuo
oro o 14ttlc on tho lower oido ¢han thopo tAven by dyncslo



4
analysis. Thus the I8 Code of 1970 which specifies a
triangular variation of selsmic coofficient along the height

of the dax is an .mpmvmmt in the rigm diraction over the
oxrliar code. '

The provisions of I6.Code 197% are still a
batter 1nprovemant over the 1970 code pma.sion; 'mo vaives
of éynamic xoment and shear at base a8 given by the I8 Code
- of 197+ are on lover side than the aetual 4n cese of case I,
But, in all other cases they are s little on the higher side
than those given by dynamic snalysis,. DBut, this oversstimation
can bs toloratad becauss, there are so many uncertsiv factors
on vhich tho calculstions of dynanic moments and shears due
to earthquake 418 bassd. Therefore o code which gives a
value of dynamic moment and shear coefficient on s 1ittle
‘higher side would definitely be quite all right. The percene
tage of cverestimation in dynamic moment and shear is of 9
and 12 per cent respectively in case 1. But these psr~
centages ars 3 and b respec-tively iu case IV.

4,8 HYDRODYRAMIC PRESSURE

Duc to the horizontal scceleration of the foundation
there i8 an inktantansous hydmdynania pressurs exsrtisd
egainst the dsm in addition to hydrostatic forces. The various
I8 codes {1966, 1970 , and 1974%) apccitj Zangar's formulae
for computing hydrodynamic pressures , It is proposed to
verify the approximate formulae sivm# to calculate the



L

bydrodynmc shear and monant at any depth y delov the
Treservolr as given by equations 2.3 mnd 2.4 4in Chapter 1I.
It is felt that the shear and moment cosfficie nts of 0,726
and 0.299 respectively ss given in I8 codes may not be
constent over the entire depth of the reservoir.

The pressure dlegram of the hydrodynamic pressuwve
P, would I» given in Figure ke10 below.

0

DISTANCE BELOW SURFACE
SEPTH OF RESERVOIR

._Y.'_:
H

PRESSURE P = C.W. hih —s

[

e o

FIG.4-10

The ares under the prossure dlagrem at s particular
dsvel wonid give the shear V, &t that level and the moment
of this area about tho centrs of gravity of the horizontal
cmss-iccauon of the dam at that level would give the momnent
N; « It is proposed to svaluate the area over a range of
ratio v = y/h and cai.ot_xlatu the hy~ dynamic shear coeffie

clent B,(y) ., Tho other factors such as w, b , <, 8re conse
tants a&nd therefore can be ignorad for calculations of

\

shoar and moment cosefficients.



COEFFICIENT C —>

x _,.‘o
Y

a
X

Y FIG. 4-14

The ares of the strip at a dlstance x frow top of wvater
surface and depth Gx would be Cdx as shown in Figure et

above. The area upto x below top of water surface 1e

given bty
x

Area » i cax (h.24)
0

substituting value of C using eguation 2.2

— 2-“-{:&2-:) o Fam o
J 2L

G,
.“

[3 #&* z éaxea?qu}
f,a

- x3
3 ¢ 5 11 *l1ezma®) dx] {4.25)



%9

Wow putting 1 = 8in & ,; .'s 4% = -cos & 69

Imn ZJ‘!'- Cif-lx*xz)‘ ax = -':L 1 « sin% cosd 46

o
.« [ cofoam
/2
e
m-f 3 (14 cos2) a0
2/2
*1in20

v/2

Putting 0= /2 vhen 2w (0 4 area = 0 the value of C comes
to+ 7/ |

o"e Integral = [—- ¢ . iidhd v - ] .(’4».25&)
2 2 4
(ex)x [1={1ex)® .
n[" ™ (1ex) - ‘/’_: i}
2 b J

Finally the Area under the C curve is given by

- » - 2
¢ {xa-.f*'m““*-m“";‘ (=2 v]

Aruv"?‘* * -
2 2 b

(1, 26)

The values of srea at various values of x = y/h are calculated

and given in Table 4,33 . The values of C at various depths
and corresponding Py ars given in Tadle 4.12, The valus
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of hydrodynanic shear coefficient B (y) sre obtained divide
ing the arsa under the curve upto the level under consideras
tion by the factor P_.y at that level, These values of

hyorodynszic shear ooefficients Byly) are plotted vide,
Fig. he12.

8imilarly the moment of the area gbhout ths vater
surface would dbe calculated. The nomant of the elemenmtsl

area Cdz about the top of watar surface is given by

: 4

Moment = f Cax , x - 22
0 .

Substituting value of C from aquation 2.2

[xtzex) » [3 (o0 % #x
= x
- .gm.[Jaxzd: - Jzau -jxﬁ(é:im_]
§x3

g ]
%2 [ T - Jz l‘z(znﬂ ax } {be27a)

: B
Moment 'ﬁj

N bﬂ

Now ‘
z =
I = J xJ 2% = !2 = j x 1»1'!'32;";» “x
H |

x‘ N
= £ x (1 0en?a

Lot Texmgin @ L', dX = ~ cos ¢ G0

X = f= 3in &

/08524
CENTRAL LIBRARY UNIVERSHY OF ROORKEE
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e
I = = i {1-84n0) Ii- 8in%6 cos ¢ &
L 7 |
g.
* o | (1es100) cos® . com o @0
¥/2
¢ |
=« | (18100 ) cos® o
/2 |
0 | o
e -
| j cos%e a0 ¢ J sin® cos @ . cos® 4o
"2 2
1 e
I -*g J 2 co ZQmonfmeﬁ cosd 48
2 Fr Na,
@ 0 |
91 - o ¢ 3 L
= aJ (1* cos20) a9 +» 5 I 3 [}maa»unaa]m
/2 /2 '

'.%['9’ ainaﬁ] [nanm_l &[ms&

(4.28a)

at x= 0 , @ g /2 sand mment_ m 0 hence value &
constant C is + ¥/4 , Finally the moment of area sbout the
water surface i8 given by



g2

cm [233 3” B oinBaocd cme»'coa% ff]
.y 4

te -y e gy S gy gy —— ot ——
3 T8 27 2 v

(be29)
e (.3 & (1o3) | 1=(1em)?
2 3 B
j‘l - (Qﬂﬂ} con 38 v

Tho voluco of tho momonts ore tebulatod in Tablo k.1
Thoso momon & Gividod by tho nroc ot correoponding lovolo
vould 3&% tho dlotonoe of CeGe of Gren {(§) £ron tho weter
ourface. Thuo tho diatamé of Q.0, of the aran‘ fron tho
lovel undor considoratio (¥ & %e§} ° con do celoulatod ond
tho uarreapnﬁdiﬁg momont of aren abput tho bage of the Dogw
tion oan bo cnleulateds Thio monont dividod by Pf vould

Gdvo the hydrodynamic momon:. goofficiont 43( ) . fhoso aro
plotted in mg, Y12 '

 &,9_ OBBERVATIONS

Tho plot of hydrodynonice choor emd ponont e.oorﬁoiu
cnt ngai.nat tho varioun doptho bBolow tho top of tho

FODOYVOAY ourfoco 0o prooontod inFig.b.12 oshousclearly thot
tho hydrodyncuice phonr ond momont coofficients B (y)

ond étn(y) roopoctively oo not conptont ovm; tho entiro
dopth of tho rogeorvolr oo aeﬁtemylatud in tho 18 codo prow
vigiong (1966, 198D » 197%) . ¥ho volue of hydrodynonde
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ochoor cpofficinnt ot tho tottom of tho ronervolr 10 0,726

vhich 1o ogual to tho voluo givon by I8 Codo, Buty ab o
point wmgh ig 1/90th of rogomvoir dopwtﬁ bolow tho vntor
p~urfaco tho voluc of hydrodynnmic ohoap coofficliont

12 0,6275; oo por thoorotidol anolysis. Thud ot thioc point
the hydmd;mamm shoar pivon by tho I8 cnde foroula ovore
cptinntos the valuc by cbout 15 por cont ovor tho corrcet
valude. THio oversotimntion 1o mo.ir cbout 1h por cont ot
o point vhich io at a dopth of 40 por cont of totod dopth
belov tho raaervoizf. It io t:hémfare suggostod that wo noy
uso the hydrodyncmice choor diotribution as prepoced in
tho fig. .12 for occuruto gvaluntion of tho hydsodyncnic
ohonrs

in ceoo of hydrodyn.umic nomont tho porcontago of
ovorcatimation of tho sone ap pivon by the I8 codo t’omt_ala‘
19 o lov ap 22 per ccnt at botlom of rooorvoir end -o
hih oo 5% por comt ot aczpt‘é of 40 por cont of totsl ’
dopth bolow tho ropogvolr wntor ourfaca. Thuo tho
vordotion 19 pronownced in ¢noe of hydrodynanic momento,
- Thorefore for covroct ovaluation of hydrodynamic moacnts

the distribution curvo glvon &n Fig, 4,92 40 proposod,

-
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TABLE k.12

_ GALCULA?‘I_OITS FOR CORIFICICLY

e n et | Eeboflem [~ 2
1, e | = | L
0| L | 7FF Cole & % cols § Col

- |
e 3 ks 5, 6

0 2 0 0 0

0.9 1.9 0e19 0,435 0.625

0.2 18 0.3 0.600 0.969

03 1.7 0.5 0.71% 6,220

0k 1.6 0.6b 0.800 1,440

0.5 1.5 0.5 0.865 1,615

0.6 1 0.8% 0.915 1755

0.7 1.3 . 0,91 0.95% 1,864

0.8 1.2 0.96 0.530 1,940
08 a2 098 0.998

10 1.0 1.0 1.0 2,00




- TABLE bW,13 HYDRODYNAMIC SHE.R COBI

=l |2 .33 81n0 | @ " L8 «8indcc
e {* | 3 £1.x |in deg./in 2 cos @ |Cod.5:
: rad, 9
™2 3 & 5 & ? 8 9 10_
0 0 0 1 90  1.571 «0.78% O 0
el W01 =.0003 0.9 417 1412 «.5600 436 e 39
2 OB =002 0.8  53.13 0.926 =630 600 RV
3 W09 «.009 0.7 e h3 0P8 ~.387% » o 50(
ol <16 =:0213 0.6 36,83 Q.684 Q3220 300 - 8
W5 W25 =u0M17 0.5 30,00 0,523 =.2615 1865 =ab3:
6 W36 =072 O 2351 M0 «.2050 916 -+ 36
7 M9 et 0.3 1747 .05 =l1%25 954 -7
B Wb 201706 0.2 11,55 42015 =.1007 980  =.19
0.9 81 =230 0.1 595 L1002 ~,0500 0,985  =.0%
1.0 1.0  «.3333 O 0 0 0 1.00 0




TABLE .14 BYDRODYNAMIC MOMENT CORFFICIANT

. > N 'u.‘mcco @ -
glead o |eme | o [ o |

x hi3 i miex |En deg) in ~9/2| cose 2 e cond
' : rade Col.5x9 —T

2 ‘.

()
!

O L S AR S A TN S | AN &

0 0 0 1.0 90 1.571 «0,7855 0 0 0

0-;1 Qwﬁﬁﬂé? -.00302 003 6""0171 120 -0, 600 0.!} 5k 60... . )
0:2 0.00833 "~.adow 03§ 53143 1026 =0lbes . - 22400 21500
0.3 0.01800 -.00203 0.7 m «0.3875 0»71%- - 2500 1785
VO. 0.0#267 ~.00M ] 0.6 36&87 "‘oo -g -y 2000

L] L “e 4 18 - g -y
1 L B L1 AR e LU S
0.7 32 '.06001 . 0. 17& ? 5 "01525 0095‘* ,

Oos ;3‘! ’50102"0’ 0.2 11t 62015 "0‘907 0.%0 -y
059 0,'486 '016’*0 0.1 5-75 Q1°°2 '.05'00 00%5 *0-9 2 “GM!
1.0 0»5667 ‘0025 0 0 0 0 1,000 Q -+ 260
Note P. mw Cwvh «h
Pey® =Cwb ., (ym20?

= C wb(ah) (y/m)2

P.y? = constunt x ¢ x° whers,. wy b
fw

Moment of Pe about base of s

.= This olso contains wy b3 «h

, M o .
Ay # «.&-—5- will give hydrod

Pe

T



CHAPTDR aV
SIGNIFICAUT  RESULSO

5.1 GENBRAL .
Bevornl dowg hovo boon anslyood by vorious inveotie
gotors uoing tho todiniques of dyncnic enclysic. As o
reoult of thepo otudlos o lot of useful information chout
thoe bohaviour of o concreto agravity dam sudbjocted ¢o corth.
queko 43 avalloblo pov. Those oigpdificont rooults gre proes
acntod balow which ohou tho offee”t of variono parerotors

or tho carthguako bohaviour of tho doms

%,2 LGFVRCT OF ROSDAVCIR ATER

Tho offoct of roporvoly wator cam bo poon by anclyce
ing tho oiruoturoe uvith regorvols wotsr ond without it. Tho
offect of resorvolr watsr on notural poriod of vibratic n,
dman ¢ éisplocemonts and accolorationn, dynemic 0LrcDOOD,
and totol otrosses ao obiained 4in otudico 46 oo dolows Tho

ro0OTVOLr wotor 40 toliem as on  pdded viytual maos.

Tho noturcl pordods of vibration of tho 4rn in vogie
Guo podse $ATh ond without tho reporvoir vator hava boon
colculatod by both tho booo mothod ond the finlto elczont
onodyoio for Koyna dzm{%) » Thoy aro ropyeducod in Tablo 5.1
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TABLE 5.1 NATURAL _PERIODS OF VIBAATIONS IN SECONDS

Beam Analysis Pinite Element inalysis
Mode , —— .
81 » without With Hes- [Without Resd with Reservoir
¥o.| 7°*  [reservoir |ervoir #rvoir vateduater
wvatsyr water |

1 2 3 W s 6

1 | ‘ 0‘03"‘0 0:389 [+ 9 35'5 - .0.&01

2 2 0.132 0.158 0.135 0.162

3 3 0,069 0.082  0.102 0107

y Iy - - 0.07% -

It may be observed from the Table 5.1 above that there
i3 an incresse in the natural periods of vibration of the dem
due to prasencs of reservoir water in all the modes of vibra=
tion in both the mathods of analysis. The inciease 19 less in
higher nmodes than the first mode ,

The dynanic displacexzents both yvertical cnd horigontal
- are found to increass dus tC¢ rerorvoir water all along the
height of the w-( 36) .

The dynanic ascelsrations (vertical) aleso incrsase
due to presence of reservoir water all along the height of

‘”’ « Iho !&orizonm accelsrations however, increass nsar
the top of the dam but decrease olsevhare(36)

The sffect of Fessrvoir water on the dynamic stresses
can be observad from table 5,2 below‘:%).
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of Condition BE ‘ - '
fnolyoio up down | up down jup = | dowm
ptrecn | otreon | otrean | atrean | otrooen | strecm

Bocn  uithout voter $17.8 17.8  #17.6 $17.6  +D.4 $30.1
Hathod | | o

T with wtor  eaha1 B2l 8264 P26 933 2.3
FPindte tithout untor 226;’7 33«53 ' ’ﬁzlhz g‘l 3.6 g%aﬁ 322'9
Blemont . | . ,
Hothoa VAth wator  439.7 g10.%  $£33.4 a3%b  £39.1 p32.b

‘conl ©o 50 por ecent duc to.rosorvoir wotor sipilar offcot io

llotoe S8tyceses are in hgﬂmz

® d/8 plope changes at thin lovel.

I% may e notod from tablo 5.2 obovo that tho offoct
of rcgorvelyr waladr 16 to inorsase tho dynanic otrssoon. Tho
increcso in vortifel nomnl dynanic stressos ronges from 25 per

obsorvod in casno of prineinal ptrosoos alad( 36}5 ‘

S+3 LPFBCT OF VBRTICAL GROUID HOTIOD

1t can bo otudiod by dotemining tho rooponso of dm:z

duo %o horizontnl componont of ground motion clono ag woll 0o tho
rosponoc undor tho simdfoncous oetion of horigonted and vortdcal

coapononto,

Bovoral inveptigutors hovo otudlod this aopect.
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The dynanic displacements (both verticsl and
horigontal) and dynamic horizontal accelerations calculated

vith horigontal and vertical components of ground motion
acting simultoneously end with only horizontal cozponent
of ground motion ars very close to each other showing that
he vertical component of ground rmotion does mnot affect
the displucement and acceleration pattern in the gravity
m‘“’. Tha dynamic stresses due to simultaneous action
of horizontal and vertical component of ground motion and
thoss dus to action of horizontal component of gmund
motion slone ahov practically no variation which zom again
goes to prove that tb_m vertical component of ground motion |
does not play an importent part in determining the stress
pettern in case of gravity dams,

Those cbservations are sore or less supported in
& recent ut\;ﬁy(w’ carried out on the bshaviour of
Koyna dam'during earthquake of Dacember 11, 1947 . It is
found that the inclusion of vertical component of ground
motion does not cause s noticeable change in the maximum
displacenants, it causes an increase of § per cent in
the horizontal accelerations and about 30 per cent
increase in vertical sccelerations at the crest. Figures

5.1 and 5'.2{39) shov the maximum principal stress contours
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in DOP soction of Koyna doo duo to oimultopcous action of
trancvorso and varmcgl conpononto of Hoyna earthquako and
that of tho transvorso cooponent onlono. o eonparigon

of thogso two figures chows that the largor tenoilo otroos
chonpes  Jittle near thoe upotreonm faco but incronses by

about 7.05 kg/cmz neay  the dovaptrosm fogo due to inclusion
of vortical componont . 4o indicatod by tho rolativoly omndldor
contourn for thoe highor etrossos ncor tho upstroon facoy |
tho inclugion of vartiecal couponont of gmugzd potion nppoors

to rosult in o decronno in tonoido irtrémos neor tho wpstrocn
faco in tho uppor part . Althoush tho tonoddo otpens hao
inoronoed by cbout 7.05 Bc/eag to roro thon 70,50 kg/ma noar
the point vhors tho downatrcon faco changes abmptly. Tho
chanaen avoy fLroo tho zono of otroos concontration apacnr to
bo s@ooll.

In a rocont ctudy(%) At has boon obosorved that tho
vorticel cooponont of ground cotion cpuses On epprocicbd
incrcaso approxinatoly 40 por cont in erost displaccnont and

k0 por cont to 70 por cont incroasce 4n  tho tenpillc otrossco
4f tho offocts of intoroction botwoan tho ropervoir o
tho dom are includod in the nnalyoin, I8 hovover the
intoraction offects are noglocted tho vortical canponont
of ground motion hao Littla Ainfluence on tho roaponco

of the daon,
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5.4 IMPORTANCE OF LIGHT WEIGET STRUCTURAL SYSTEM AT TOP

Dynamic analysis of stresses in the concrate gravity
dans during earthquakes demonstrates that sccelerations at
the top are maximm and thus the more critical tensile stresses
occur in the upper parts of the dm‘”) + The extra concrete
near the crest of the dam to support roadway etc. 4s found
to be responsidvle for this, This probles was studied by some
investigators (39+4052)

The responges of the Pine Flat dam and its

structural sec”tion {a triangular seotion with sero width

at the maximum vaterlevel) were caloulatea’ 3, e two sece
tions are shown in Figures 5.3 . The perdcds of vibration of
firat four modes of the Pine flat dam wers 0.256, 0.125,
0.092 , and 0,072 seconds snd those of its structural
section vers 0.22, 0.099, 0.087 and 0.060 seconds regpe
ectively. This ahows that there is a decrease in the pariods
 of vibration in case of structural section for all fhe mogdes.
The shapes of the first two modes of vibration of the Pine
Flat dam and its structural sec tion are presented in Fig.5.k.
It i3 apparent that the added mass st crest sffacts the mode
shapes  considerably in the upper parts of the dams, resulte
ing 4n significant increase in the displaceaent gradients
especially for higher modes. A comparison of the principal
atresses over the Pine Hat dam and its structural section

at twvo selected instants of time as shown 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

FI1IG.5-4_ MODE SHAPES OF PINE FLAT DAM
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.6 indicates that the maximum tensile stress on the
downstresn face is about 21.15 kg /cn® and that on the
upstream face i3 a bout 24.675 kg}cma for the
structural sec tion (Fig. 5.8) vhile the corresponding
values in case of Pine Flat dam are 56.40 kghon® and 42.30
kg/en® respec-tively (Fig. 5.5, It is apparent that
much smaller tengile stresses develop in the struetursl
section they being reduced to sbout 40 percent at the
downstresn face and about 60 per cent at ths upstrasm fice,
It is evident from the results digcussed above trat the
additionsl naterial ncar the crezt of the dam causes condide-
rable incrsase in earthquake stresses especially near |
| the top.

This aspect of reducin, the mass at the crest of a
dam Ly developing light weight structural systems to
support the roadway and perform other nscessary functions
vas  studied turther(sai. The dynnmaalhannlyaia was carried
out by the bean method of anaiysia., The bas<ic section
of the dar used for the study was the Pine Flat dan of
california slightly modified as shown in Fig, 5.7 ., Seven
different light weight structural lyltﬁl; as shown in
Pig. 5.7 and 5.8 were considered.

The gtatic principal atresscs renain more or less
tha sane for all the cases conglidered for both resepvoir
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fuld ond copty conddtiono vido Tablo 5.3 balou,

TIBLE §.3 BTATIC PRINCIPAL BIWLSSEB kp/ene

- {A) RESCRVOIR FULL COIDIRION

, Coso 19 cone 3 ceno 7
Seotdon M6 | w0 we | a0 | we a/o
1. 0407 10,310 =f. 06D 2.48%  0.070 3.123
3 14839  8.353 «1.07%  9.293 <0.260 8.831
g 14709  13.636 =1.022 1%.702 =0.4857 14,377
? 0.820 19.226 <«9.077 20,179 «0.657  19.900
9 0,353 24,036 ©9.980 25.635 ~0.84%  25.b3k
11 «0,1849 30,833 =1.310 31,149 +1.020 30,958
- (B) RESEAVOIR HPTY 'conmmzz
| Caco % Cono 3 " Cago
Soction - , . .
| wa | ae |wo ac  |wo aro
1 3.572 74265 2.10k7 <0.56%  3.235 0,078
3 10,216 0.3t 7.303  1.96k3 8,117  0.782
] 14,693 0,583 12.567 1.649 13,923 1.325
7 19,373 1,470 47725  2.199  18.9%%  1.892
9 2,979 1777 22.032 2,593 23,169  2.375
91 29,040 2.3709 27,993 3.082 284196

2.896

Note = ¢ cooprocsive otroos ond » Tonoilo otrooo.

The wodal dgfloctions ore found to bo inorcincd af ond

noar tho top whon the erant wolpgh 46 reducod ap comparod to tho
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poodld orest vido figures §.9% cnd 5.10 « The totol dynamic
doflectionts ore inercasoed at ond noar tho Sop in othor ceses

ag compored to case I for ropervelr full conditlion, For resoye
voir ompty condition the dofloction all tho cusos aro roduced
at ond near the top o8 comparad to gaso 1.

The dynomie sSheor and momont dlagranio apo glvon in
Figurea 5.11 and .12 for coply rosorvoir and full rosorvoir

»canditiaﬁn reapectivoly It can be oboorvod from thoso figurco
that the dyncnic ghoors are roducod ot ond noor tho top

but thoy oro found to bo inercasod at and noar the booo oo
compared to case 1 for rusoyvoir full condtion (Fig. 5.12)
Por r gopveir cupty condition aloo {Fig. 5.11) the shears aro
roducod at and near tho top as compored to case 1. The roduction
nov 1o largo and ocours upto dproatel  distoneo 'rensured from
the top ao conpared to poporveir full condition. At ond peoar tho
base the lorgeot shoar occurs in cego 1 wg compar:d to othor
cases (Fige Se11)e

The dyncalc nomonto ary Foducod at and noar tho
top oo cozparod to caso 1, vhilo ot crinoar tho botton thoy
6o found to be gonevhat incrorpod for rosorvolr full conddition
{Fig. 5.11) . For rosorvoir capty condition howcvor tho monentso
aro rodueed throughout the hoight of tho dom oo compared $o
ense 1 (Mg, 5.19),
Tho (eumbined ) compronoivo principol otyrosoes at
the wpotrcan face arc moro or loss the sano for rosorvoly
full condition (F13.15.1353 « Tho tonollo prinecipal otropoos
arc moinly duc to tho dyncoie offoct of carthqualto. A considarablo
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ESTUI'S |}

THE VALUES ARE MORE OR LESS
SAME FOR ALL CASES

HEIGHT M

BASE 1 ] | | §
0 10 20 30 40

(Q) COMPRE SSIVE PRINCIPAL STRESS ON U/S
FACE kg/cm

THESM
3—
=
b—
xI
o -
W
I 7
9—-—
sASE 1) | \\ ! | | | | 1

30 40 50 60 70 80 . 90
2

(D) TENSILE PRINCIPAL STRESS ON U/s FACE kg/cm

FIG.5'I3_.COMBINED PRINCIPAL STRESSES FCR VARIOUS
CASESDUE TO KOYNA EARTH QUAKE FOR FULL
RESERVOIR CONDITION.
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/eduetion in tonsilo otreoses noar tho ercost 1s seom in

othor cateo ag cempared to cavo «1 (5,13b).

For empty roocorvoir congition, tho tonaiio principal
otrosoes at the dovmetroon faco oro noinly mxé to oorthquoko
dyncrdic offoet (Figs-14b) o The noxdmm conpreoosive princip-al
ptroooos aro dovolopod at tho upotreun foco (Fig. H.14a).
legr tho oroot tho comproaaiﬁg principel otrcoocs aro considos
rably ssaller in other cogen ©S csmporod to ¢ase 1(Fig. 5.140)
Tho same variaﬁibn alaa‘haada ceod for tanaila'ntrosnaa at tho

downstroom faet (5.14b). The ﬂifferaneeé in tho otrcooes at
the upstroon and dawnatrumm faeon ob tho lmwnr poctiono in
all the cuoes cunaiﬁerod nro aonniﬁmrably sncdler g coopored
to the difforences neor the ¢roat.

Thas from'thc‘annlyﬁto(gz) prooonted tbovo it ooy

be soon that 4t ip ﬁazﬁwmﬁﬂlaf§@plnca tho top of the den by
o 1ipht voight otructursl oystaz,

5.5 IUPORTANCE OF AVOIDING ABRUPT CHANGES IIY GLOPES

Tho analysic of Koyno don [OF nponelith indlentos
lorge tongile stresses orfsund EL £6,50 0 vhoro tho dounw

stroca olopo chan oo cbruptly ond at tho hool of tho dant 0.
Thio 4ndicoten that 1% would be degirablo to cvold abrupt

changog 4n tho olopo of tho faco of tho dua., ihis fact is
olso conﬁ&numd by tho corlior atudy‘39) in vhich 4t woo

found that thore ig o concentration of otressos near tho
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5 \ — —— CASE 3
pe \ " —w——CASE 7
T+ \\
9.—
Y] - [ | | ] i ]
20 30 40 50 60 70 80 90
2
(Q) COMPRESSIVE PRINCIPAL STRESS ON U/S FACE kg/m
m 1 — -
sk \_\ \

HEIGHT I
wn
I
—
-

ASE 11 bl | // | | I | | |
30 40 50 60 70 80 50 100

: 2
(b) TENSILE PRINCIPAL STRESSES ON D/S FACE kg/cm

FIG. 5-14_ COMBINED PRINCIPAL STRESSES FOR VARIOUS CASES
DUE TO KOYNA EARTHQUAKE FOR EMPTY RESER-

VOIR CONDITION
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RBL (5.50 2 vhoro tho dom slopo ohanpes obruptly ond naxicum
tonoilo olrasoas occur at thio point. The dynar.zin onalyois
in ceoo of KAlkovadi m‘fﬁi oloo sorfirmg this point.
Thopoforc 4t 1z Detter €o evold ony abrupt changes in tho
dowmotreon olope of the dane If£ ot all thors 18 eny chongo
in olope proper tramsiticons or £311lets ooy bo provided ot the
Junction of ‘the vorticol porticn of the dnm ond tho dowmotrecs
slope of the den,

5.6 BFICCT OF BLOPING USTREAN PACE OF DAl

The conventionol profilo of gravity dom hes the
upotrocm face vortical or moarly vorticol. adoguooy of guch
o profilo from tho point of vicv of 1%0 rosponso to d&nnmie
londing such na earthquako 10 a problen, Tho otrooson duo to
an carthquako aro of on cltornating naturc. Thorofore 1% io
gometines conpidered dosirable to havo pomo olopo on the

uyatrﬁem face azap.,?hia cen bo 1nvnatiaatod.by coaparing tho
rosponic of on original denm and o modifiod dom obtained by
rcaoving coneroto from tho downotroon freo and ndding 4¢ on

tho upptroan face, 6o that the total volumo of concroto ycoaine
tho geno, It will Do obpervod that tho dynanic rooponpo in tho
two Boctionb vhon obtainod by uwoing bomm theory vauld bo ¢ho
oono. Thuo 4¢ wao canoludod‘ga) that tho conventionol profilo

vould bo adoquato undor oorthquoko condition aloo,

Arya and Ag?nwnlﬁsg) otudied thisc point furthor, The
rogponscs of the den with downstrean olopo 0.8% ¢1 onéd tho
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wpotroon faco vorticol with thooo for the dem with downsiroon
olopo 0.8581 ond upotroon slopo 0.0625 31 woro otudicd for
threo hedghts of dem (100 B 4 150 B ond 200m). A typload celo
for o 200 m cam profile is given in Fige 5.15, from vhich 4¢
wauld bo cleay that thore is & roduction in tho tonoilo
otress in the case vhoro tho upotirecn f£aco 48 oloping (0.062534)
The scmo trond 40 poen in 2ll othor hoipghte of den, It is
theroforoe concluded that tho upstroam foco of tho den may

bo hopt sloping instond of vortical,

5.7 JDEQUACY OF THEORETICAL TuCHRIQUES

The adoQuacy of thoorotical tochniques &n prodioting
the behaviour of a gravity dom Mina on parthqumm can bo poon
by cosparing tho actual bohaviour of o dom during on carthquoko
ond its thooroticaldpz prodictod bohaviour. Tho Koyna carthe
quoko of Doc 11, '196’? provided an oXoollent opporturdty for
study bocause thoro o modorately high (103 o) @drovity dm woo
subjec tod to n sovoro oarthQuako vhooo opicontro weo vory
olovo to tho dam. During ¢hio corthqualto the higher non over
flou -momlitha putforcd sovore diotyess (cracking) vhoroes
tho non ovor flov monoliths had oncapod oordoup dcmogo. Tho
dynonic analysio of tho TIOF ond OF ooctiono of Koyna dom
wag corried out by both the mcthodn(%) .

Tho momioum tenoilo otross inm tho rogion around
BL 66.5 m 40 & tho ordor of 33.6 kg/om® on the upntrorm
foco ond 1o about 25,0 lﬁg/'c.ma on tha Qownptroom race(w‘.

If the dynonic tonsile otrongth of conemtc‘ 53 15 asounod
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to be about 30 kg/om? , 1t would bs quite reasonable to
expect oracking in the dam, The observed bshaviour of the
koyna dar shous th t there was an approximately horizontal
orack at EL §6.5 on the downstream side of the NOF monoliths,
The existance of horizontel cracks is indicatsd in the reglon
BL 60.00 m to FL 73,00 & espeuially arcund BL 66.50 & on’
upstrenn side, This indicates that structural cracking of the
dan hss occurred 4n the sgion nround BL 66.50 m both on the
upstresn and downstresn which is as it should be expected
from the theoretically calculated behaviour of the dem. Thus
thi theoretical techniques got pmved.{

The model of the highest BOF gection of Koyns dem was

tested on shake table, The natursl pericd of vibration of dam
in its first mode was prtrimontally calculated at 0,338 seconds
which as found from theoreticnl anslysis by beam method and

- finite glement method was 0.340 seconds and?,355 seconds respece
tively. Thus the theoretical analysis once agaln gets proved.
Steady state forced 4' vibration testa on thi model of HOF sec»
tion wvore garried out, The cracks in the modeld appeared at the
neck whers the downstream slope chenges abruptly which wos
sapacted by theoretical techmiques ond proved by theactusl
behaviour of the dam during earthguske of Dec 11, 1967.Thus the
theoretical techniques are adequate in predicting the behaviour
of gravity dar during earthqueske, The experimental technique
should be used to varify the theoratically calculated behaviour,

- -
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CONCLUBSBIORS

The present design procedurs which is based on an
aquivaloﬁt ooiaxdc cosfficient 18 inadsquate in thewseismic
| design of concrete gmvuy dans, The I8 code of 19?#1.&
definitely an improvement in the right direction over the
sarlier codes {1966, 1970) as the dynamic moments and shears
caloulated on the basis of this code are very near to those
obtained by dynasic analysis. Therafore the IS code of 1974
can be used fpr preliminary deslgn of major dams, For final
design however, detailed dynamic anslysis should be carried
out. The dynamic testing should be used to verify the
resulis of the theoretical analysis. |

The hydrodynanic moment and shear formulee as
specified by IS code (1966, 1970 and 1974) are not correct.
The hydrodynamic mammts‘m given by  the formula inlS code
oversstimates thoe value by as high as 54 per cent at 10
per cent depth fros vater surface to as lov as 2.2 per cent
~ at bottom of reservoir, The corresponding overestimation in
cage of hydrodynamic shear is 15 par cent at 10 per cent
depth to O per cent at bottom of reservoir., The correct
distribution curve for hydrodynamic momeni and shear given
in Mg, 4,12 should bs used,

'm eoffect of vertical ground motion is negligible
1f the hydrodynamic interdotion effects ara neglected. AI!‘
the interaction effects are included the vaortical ground mobon
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gauses an appreciable increase of about 4O per cent in crest
displacement and 40 to 70 per cent in the critical tensile
skresses.

The atyuctures liko‘aiavated towvers ot the top of the
dam should be avoided. The %op of the dam should be providad
with & 1ight weight atructursl system &in order to reduce the
tensile stresses in the upper region,

Abrupt changes in the slops of the dam should be
avoided by providin. proper trangitions or fillets so that
Soncentration of tensile strosces is avolided, ’

The upstrean face of the dem may be kept sloping instead

of verti.al so a® to reduce the tensile stresses at top.

The theorestical techniques ares adequate in predicting

the behaviocur of dams subjectead ¢co earthquuke, The experie

mental technique ahould be used to verify the results of the
theoretical analysis,
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