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@ Proceedings: First International Conference on Recent Advances in Geotechnical Earthquake Engineering and Soil

Dynamics, April 26 - May 3, 1981, St. Louis, Missouri

Embankment Design in Seismic Areas -
Indian Practice

K. C. Thomas, Ex-Chairman

S. N. Guru Rau, Director

Bikram B. Raj, Deputy Director
Central Water Commission, New Delhi, India

SYMNCI'SIS A number of river valley projccts for the development of water and power resources,
particularly in the Northern and North Yastern part of India, lie on the foothills of Himalayag
whici: is scismically @ctive. In the developmental activity of dam building, oseismic design of
dam is therefore, recognized and adopted. The paper prescents the current Indian practice in

the aseismic design of cmbonkment-dams with illustrations from studies carvied out on some recent

dams .

INTRODUCTION

liore than sixty percent of the gecographical
area of India is prone to eqrthguakes with scis-—
mic intensity varying from VI to X on Ii.ii.
scale. These &reas are mainly cortiguous to
the Himalayas, along the Southern edge of which
a major tectonic boundary fault skirts the
Himalayag. For the last 80 years, more than
130 earthouakes with magnitude (Richter) from

5 to 8.6 have been recorded in this region.

The liimalayas also constitute the source for
tl:e major river systems of the country namely
the Indus, Ganges and the Drahamaputra. A
number of river valley projects for the dcve-
lopment of water and power resources, would
therefore lie in this seismically active belt.
The importance of aseismic design for dams is
therefore well rccognized and practised.

PSSUDOSTATIC ATFILQACH

Pseudostatic approach for the design of eumbank-
ment dams under seismic conditions is very
comzonly adopted., In the conventiconal limit
equilibrium analysis, an inertiial force 1is
assumed to act staticully on the sliding mass
in addition to the normal nen-secismic forces
and the factor of safcty against sliding is
ensured to be more than unity for safe designs.

The Indian Standards Institution has analysed
the scismic status of all parts of India and
has codified their recommended Critcria for
Earthqualke Ilesistant Design of Structures in
IS. 1893-1975, from which the equivalent static
coefficient for the aseismic design of dams

and other structures in different areas of

the country can be determined. The entire
country has GLeen divided into & zones, corres=—
ponding to expected M.M. intensity of V or
less, VI, Vil, VII} and IX and more rcspective-
ly. This zoning map is based cn the known
records of magnitudes and epicentres of ecarth-
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guakes, modified in the light of tectoniecs, lith
ology, and maximuz intensities as recorded from
damage surveys. For these five zones, scismic
zone factors, 0.05, 0.10, G.25 and 0.40 are
specified. fThe uniform equivalent seismic co-
~fficient in the horizontal direction for the
witole dam is determined using the relationship

Xh = BIF, Sa, where<(} is horizoutal

. B
seismic coefficient, B is coefficicnt for soil
foundation system, I is Importance coclficicnt
(2 for dams), F, is Seismic zone faclor and Sa
ig average acccleration coefficient read from
average acceleration spectrun curve.

The value of equivalent uniform scismic coeffi-
cient in the vertical direction is takeun equal
to half ofXp . The value of the cquivalent
uniform scismic coefficient with the lowest
value of rupturc surfuce at any depth 'y' below
top of dam is calculated as :

Xy = 21.0 2.4)HT ;o(h
It is to be seen that while the approach for
selection of a cquivalent uniform seismic co-
efficient has becen considerably sinplificd,
the realities of dynamic responsc of thie carth
dam 1s not totally ignorecd.

ANALYS.S 1OR L.FOUTANT DALS IN UIGH SEISLICITY
AU

It is recognized that pseudostatic approachi hag
its limitations as brought out by Secd (1967).
Therefore, in cvaluating the performance of
major embankments subjected to transient and
pulsating forces in high seismic zones, a more
rigorous procedurc is adopted. 1he analysis

is carried out by shear beam approach to deter—
mine the dynamic responsc of the dam to the
applied accelerogram., Deformation analysis for
this dynamic response is carried out using



Yield Acceleration approach suggested by Good—
man and Seed (1966), In addition, scular model
studies on shake table are also carried out.

The model adopted considers the dam as a sliear
beam with its weight lumped at discreet points
at suitable height intervals., Only shcar modes
are considcred due to nature of the materials
and low ratio of height {o base width of the
structure, Shear stiffness between two consc-
cutive lumned mass noints is obtained by com-—
hining the shcar stiffness of the various
materials constituting the section at that
horizontal level, Trom the regponsc spectra
end the model responses, the total respomsc to
the earthguake motion is computed by the method
of guadratic superposition i.e. total responsec
is cqual to the square root of the sgquares of
response from various modcs. The responsc in
teruws of maximum dyndmic shear forces, maximum

clagtic deflcction, and maximum absolutc accele-

ration are worked out. This unalysis lias heen
used for a 100m high Salal kockfill dam (with a
moderuately slanting core). The design accele-
ration, and results of shear beum analysis are
shown in figures 1 uand 2 rcspectively. For
determining tlie dynanic propertics of the
materials of the dam, insitu frce and forced
vibration tests u@nd wave propogation tests were
carried out on the dam wmaterials and the

values at strainlevcls associated with the
earthauake were adopted.
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Fig. 1 :- Accelerogram for Salal bam siie.
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Fig. 2 :— veflection and ¥Forces, Salal Dam.

Deformation analysis_:

Deformation analysis ior the dam is carried out
on the assunption that no displacewent would
occur iif the acceleration is less than yield
acceleration for the material, Tor purely
frictional materials, the slope-face is itself
the most critical suricce of least resistance.
The sliding mass along tiie slope is idealizeg.
as a bHlock moving down a planc inclined at an
angle & cqual to the slope of the dam face and
restraiued only by friction. Under horizontal
motion, the expression for yicld acceleration
Ey, for a slopc (submerged) with material ,
having effective angle of internal frictiong
is given by :

( Yb/¥s ) tan (0-0 )

wvhere ¥ and ¥s arc tlie bhuyoant and saturated
unit weightts of the slope material,

Ky =

or computing the relative displaccoment, the
timewlsc absolute acceleriaiion responsc of the
dam for a point neur the crest is calculoted
using the expression.

J . 7 n
ai = yg (t)ro-F v ch'J—- 2 (4%
[0 Y] 220, 8, @ (£1F)
—Zp,. Dy Ny
Y=1
where
Y = nwmode participation faetor
r = any particular mode number
= total nuwmber of modes considered
my = mass lumpced at the ith location
ay = acccleration response at the location
ye(t) = horizontal ground acceleration at
instant 't
O,-r = modc shape displaccment at location

1 in mode 1



= natural frequency in radians per sec

r -
in mode r

y = G@ssumed fraction of critical damping
in mode r

ﬂf = normal co-ordinates of the uncoupled

equation of motion.

After working out the timewise absolute acccle-
ration response of the dam, intervals at¢ which
this acceleration excceds the yield accelera-
tion are marked. Dy double integration of the
absolute acceleration responsg curve for the
intervals during which the acceleration exceeds
the yield acceleration, displacement of the
slope can be worked out. This analysis was
carried out for the Salal liockfill dam. Yield

acceleration was estimated as 125 cms/secz and
the total relative displacement estimated for
a point at 1/8th height of dam below the crest
worked out to 16.68 cms. Figure 3 shows the
timewise absolute acceleration respouse of the
dam.
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Fig. 3 :- Timewise absolute acceleration
response of Salal Dam.

todel Studies :

~Laboratory ilodel Teuts on shake table are
carried out to give credence to analytical
proccdures that may be used for deternining
response of the dam to a given ground motion
as well as to get a qualitative idea of the
behaviour of the dam. Shake table ol the dam
size 5.2 X 2.8 X 1.8m is being used which can
be excited unidircctionally in the longitudi-
nal direction by the impact of a frec-falling
pendulam. The weight of thc pendulam and its
angle of fall are so selected as to satisfy
the objective that the simulated ground rotion
must ensure that within both the elastic and
inelastic ranges the effcet must be equal or
more severe than that of the ground motion at
site. In the shake tablc test, time history
of the table accelcration of the simulated
carthquake, time history of model responsc

and profile measurement of the dam model after
the simulated motion are determined.
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LIQULEFACTICON STUDILES.

Foxr all projects in carthquake zones, where silty
or sandy deposits are met with in foundations,
the studies for determining the liguefaction
potential of the site are carried out. These
studies comprise of laboratory studies on a
vibrating table, field studies by blasting

tests and analytical evaluation based on Seed

and Idriss (1970} simplified procedure for
evaluating soil liquefaction potential.

The laboratory studies comprise of de-termining
rise in pore pressure in the sand depogsit from
site placed in a tank mountcd on a shake table
capable of sinusoidal excitation. Tigure 4
presents the results of such studies for Ajmeri-
pura Dam site in Rajasthan (India), The top
horizon of 6m depth of foundation consists of
loose sand with a relative density of 40%:

The sand gets completely licuified at the
expected ground motion and is proposed to he
removed from the dam foundations.
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For blasting tests in the field, & charge of
gelatine embedded in & hole is blasted and the
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rise in pore pressure in the piczonetres insto-

1lc@ in the holes at different depths are nea-
sured. lLicasurencnt of pedk grow:d ccceclera-—
tions &re 2iso made. Figurc T presents the
results for Ajneripura dam site. It is seen
that complete linuefaciion takes place under
accelerations of the order of 1ig. Such
have also been carricd out

for a numbex of
other dams namely Tenuzatt
o =] 1

RIS TVE

DETELS < PBEATUNES

In addition to the analytic ap:;roach, certain
dcfeusive design features bascd own cngiucering

judgenent arce always incorporated in thc design

of embankment dams located in lLiigh selsnicity
arca. ‘Thesc couprise oi additiuvrel free board,
at 1% of i:eight of dam, over aud above the
normal Ircc board, & wide crest at the top,
avoiding vexy thiin cores, chocsing relatively
plastic core material, providiag liberal {il-
ters and large conesionless gréaded zones hoth
upstirean and dovnstrewma of core. Sedawgyl dan

in Durma bLeing designed by Central Jater Commi-

ssion, Governwment of India, presents a typical
example in this rezard. Sedawgyl dam is 40m
high, homogecueous cmbankment crossed by a
normal TFault parallel and near o the river.
The scection was thercfore modified from
homogeneous to zoned scction for a length of
100m across and adjoining the fault. The
zoned section has a plastic core of thickness
equal to the acight of the dam with wide
filters on hoth sides, @ rocifill zonc on the
downstream side and a widened top. In the
foundations & 3.5m deep nlastie concrete plug
with 1im top puddlc cap with deep drainage
arrangenme nts has been provided to prevent
erosion of corchase. PFigure ¢ shows the
section of Scdawgyi dam for fault zonc.

studics

Mhra, Jaohanadi cte.

/ |
PLAST|IC CONCRETE PLUG
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6 Section of Sedawgyl Danm.

CONCLUSIUNS 3

As major water Ilesources Developument projects
are located in the liimalayas in the seismic
Lelt, it is essential that structurcs are
Gesigned to withstand the seismic forces that
are 1ikely to be gencrated during earthqualkes.
The current design practices adopted in India
indictte the importance that is attached to
this aspect and are in line with the practices
prevalent elsewhcrs in the world.
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