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Abstract.

Applying non~linear Maxwell-Kelvin body for dynamic model of clay
from relation between stress and strain obtained by dynamic triaxial test
non-linear visco-elastic constants and poisson's ratio were clarified.
Using these physical constants, dynamical analysis of earth dam was made
as two dimensional initial value problem based on extentional vibration
by finite difference method. For the starting point of this analysis,
statical analysis of distribution of stress in earth dam was made as two
dimensional boundary value problem by finite difference method. In this
case also, non-linear elastic modulus and poisson's ratio obtained by
statical triaxial test were used. From these methods of analysis, it has
become possible to discuss the stability of earth dam concretely and
precisely based on actual properties of soil.

’

1, Introduction. ,

A~seismic problem of structures made of soil or structures whose
foundations are built in soil is extremely important, however it is
difficult to make rational analysis in the present status. That is
mainly because, physical constants of soil which are fundamental elements
for the analysis, have not been accurately known. In the previous paper12
authors gave instances of non-1 aear physical constants which were obtained
by dynamical tri-axial tests on respective one kind of clay, sand and
crushed stone. In the present paper, seismic analysis of the earth dam
is tried to be made using physical constants of clay.

For the time being, a~seismic design of the earth dam is confined to
s1ip circle method, but in regard to the reseavch of dynamical analysis,
Dr. Matsumura and Takada?) formerly carried on the study as shear vibration.
" However it is doubtful to treat the vibration of the earth da? as shear

vibration. On the other hand, Prof. Ishizaki and Hatakeyamn3 presented
the method to analyse equation of equilibrium expressed by displacement
basing on finite difference method treating the vibration of the earth
dam as extentional. The displacement response of soil on dynamic load
is undoubtedly extentional, and the observation results on the prototype
earth dam seems to show that it is better to be treated as extentional
vibration. But in this analysis, perfect elasticity was assumed as the
property of soil and damging of vibration was neglected. After that,
Prof. Clough and others4) obtained extentional solution of the earth dam’
basing on the finite element method on the assumption that soil material
has constant elasticity and the fraction of critical damping is 20% in
each mode. However their analysis has no direct connection with the actual
physical properties of soil.
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¥¥ Research Engineer. " " .
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As already mentioned by authorsl), it is reasonal')le that clay 1113
expressed as Maxwell-Kelvin body which is non—-lineax: in naturc_a anc.lb i’?
frequency characteristics. So that vibration behaviors and distributions
of stresses and displacements of the earth dam are tried to be analysed
by the finite difference method using the non-linear cons:xte.nts obtan_led
by the actual tests on the specimen. As the starting 1‘301n1.: of dynamical
analysis, it is necessary to know the stress distribution in the.dam body
caused by dead weight and water load, Therefore statical analysis of the
earth dam is also conducted. Furthermore the variation of pore water
pressure in the dam body during earthquakes is analysed, because of its
importance in the stability of the earth dam.

2., Expression of physical constants of clay. .

The nature of clay is so diverse in kind that there is much difference
in the property according to the kinds. But the dynamic model of cohesive
soil does not change so much in its form and it is enough to change only
the numerical values of constants. For this reason, the attempt was made
to use the physical constants of clay as numerical values which authors
have already shown in the previous paper.

In the following, the outline of the physical properties is shown. As
materials of clay, Bentonite on sale (composition: SiO, 77.3%, Al,04 13.5%,
Specific gravity: 2.58, Grain size: 99% less than 0.053 m/m) was chosen,
because materials of uniform quality can be obtained easily. As a specimen,
a cylinder of 7.5 cm in diamter, 15 cm in height, was made compacting the
Bentonite with water content 27-29% in four layers. And the dens ity was
1.76-1.80 gr/cma. Axial compression Gy and confined pressure 6;3 were
measured vith pressure meters of S.R. gauge type, and vertical and tranver-—
sal displacement were meavured withJU gauges of S.R. gauge type.

(1) Stai,tical physical constants. As for the relation between axial pressure
and axial deforma.t%on, characteristics of soft spring appear according to
the degree of confined pressure, and Fig. 1 shows statical secant modulus

of elasticity Eos corresponding to the each stage of confined pressure.
And the following expression was obtained.
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dynamical secant modulus of elasticity =, , indicates frequency char-
acteristics of cohesive soil which considerably increases in proportion
to the frequency of load. An example of this property is shown in Fig. 4.
And it is also shown in Fig. 3 that the permanent strain accumulates as
load history runs. Judging from these characteristics, Maxwell-Kilvin
body is adopted as dynamic model. From change of value of F, due to
frequency = (.Uz)% and permanent strain, each elementErLEpfb of Maxwell-
Kelvin body can be calculated in each stage mf6$},0,k4vQA& As a result,
it was ascertained that EE'L E{ , and Yghad the following characteristics.
(i) Keeping 6;,and @ constant, if | is decreased, that is, b is in-
creased, all physical constants decrease. In this case, the ratio of the
decrease of the physical constant to the decrease of | , becomes small
when the value (@ becomes large.
(ii) Ir 6“ is increased keeplng Q@ and k{ constant, the physical con-
stants 1ncrease.
(iii) If Q_ is increased keeping Gg}and K constant, the physical
. constants decrease. ’ .
According to the above characteristies, the optimum value of coeffi-
c1ent(}was obtained from all experimental data, representing each physical

constant asE/tlE‘/Y(’..Cl Cja-f((\‘-{@K-fcsﬁ’} The result is as follows:

E= é‘?éxo Hix;oa.*(sﬂx:o‘ B%TXIOOOKH?ZX!OG“;
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= 8240~ 131xf0a+ (47640~ Fo @ YK t 60x 633

05<FEIR, 03<a(dy, 04 655K44, 1ISKCTT (imikiqom pec)

With regard to dynamical poxsson s ratio, definite relation between
its value and frequency or amplitude of dymamic load , Wwas not seen.
Therefore, as shown in Fig. 5 it is expressed by the following equation
as the function of a mean level of dynamic load @ .

P=0.21+ 5.5x167a a5<f¢iz, aB<agil (4)

3. Analysis of vibration of the earth dam. ( Uik K9, 0m, Aec)
(1) Pundamental equations and the outline of analysis. Regarding the earth
dam as a system of multiple particles, establishing eguation of motion ex-
pressed by displacement, an attempt was made to solve by finite difference
- method. Here follows two-dimentional solution, however, it cen be expanded
immediately 1o a three-dimensional problem without any theoretical difficult-
ies. If equation of motion is established assuming that absolute displace—
ments in directions of ¢ andy are (L and (}~ , and considering that phys—
. ical propertles vary w1th the place, the follow1‘i eq ugﬁzon can biagrtalned.
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here
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SCx¥): density of clay ) : dynamical poisson's ratio
E, ¢ dynamic modulus of elasticity

Boundary conditions for the solution of the above are treated as in
the following.

(i) up—-Stream face: shear stress in the parallel direction and stress

in the vertical direction to the up—stream face
equal zero.

(ii) crest of dam : "

(iii) down-stream face: n

(iv) base of dam : &:f(x‘tsdisplacement wave of earthquakes. (7)
(Remarks)

(In case of dynamic analysis in condition of full reservoir, internal
stresses caused by dead weight and statical water pressure are calculated
and physical constants at each point of the dam body corresponding to these
stresses must be adopted as the initial values of the physical constants.
As for hydro-dynamic pressure, it is possible to add the influence on
.vibration considering virtual mass of water, however, in case of the earth
dam, compared with mass of dam body it is so little that there is almost
no influence, therefore in here it is neglected. Accordingly, in case of
dynamical analysis, condition of (i) is used on the up-stream face even in
the condition of full reservoir, and internal stress is examined adding the
stress by dead weight and statical water pressure to dynamical stress
cbtained.)

In analysing (5) ‘and (6) under the condition of (7), displacement and
stress are calculated as an initial value problem by making the finite
difference equation of time interval al and mesh intervals , . In
accordance with the one obtained in the previous paragraph, the displacements
of every point at the time t+4f are calculatea using the values of )\ and./L
determined by the stress at the time 1 . Thus, approximate solution of
non-linear vibration is obtained by repeating this calculation.

(2) Treatment as Maxwell-Kelvin body. The ratio Eof stress to strain is
expressed in the following using the well-known relation in Maxwell-Kelvin

body. . _ p*+ pEug, Y s ‘
k= 2 =E-E( * (%)
P (A BB ER, P eeb 0o d |
The following relation can be obtained from the above.equéggon.
, S E/+E
GBS FR BT, Tro Y )

Using operator E, for the displacement W and U, the following
equation is established. '

EcE(uvi-sx]  Ep=Rlr-w-60) (10)

Internal poinfs X
follows. ’

xeik, yik bemat (1) WEUGE) , BEUTRGLY  (12)

% , time { and displacemehts‘are expressed as
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The lollowing (:qunl.iun‘(run be obtained From (8), (10), (11) and (12)
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In this way, elastic constants, N and M in the equations of motion,
(5) and (6), can be replaced by visco-elastic constants of Maxwell-Kelvin
body and poisson's ratio. And, the tredtment of non-linear is that after
calculating dynamical prlnc1pal stress 6‘ and 6\2' at the time of"t, N
and ( which are determined with these stresses are adopted as the constants
at the time of t+af .

In this case, the following assumptions are made

(i) 6;/“‘4}'(:—‘6/3/“&1(: = A

(ii) GTUJ' =633 pzov1ded that GTnJ‘J‘Lc> 67 aratic

(iid) el'ther 6"“ r G, "6f which acting direction is near to the direction

of 5]A£¢f¢(9f1\‘al b - : .

(3) Equation of motion in finite difference. In making finite difference
equation, the following equation can be obtained using the relation ameng
(10), (11), (12) and (13).
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From the above equations, stresses are calculated as in the following.
V d‘l 6.1} = O Lﬂ M}‘ (i E"l)
Txﬂ Lj"/u"' UN UL'—t ;g!" 9;1 i ) ag)

55&‘#611%(6% -632)° T‘,L 8} zt‘“iﬁfﬁéfr 1)
4

(4) Expression of boundary condition., The (i) of boundary condition (7),
that is, up-stream face, is expressed as in the following.

Ox erf + %W_Bt + foa A By Cot B, = 0
sz (waét_MG}( )“' ( 68 - 6&)%6‘%6‘:: 0

(20)

In this case 9,‘ is the angle between vertical and up-stream face, and
8;_ 6’3 and {yyare generally expressed as in the followmg.

4

('&U EA >
5 >\( 2, :"V) & ol
’C,( QU QV' ) |
Regarding the points, | and | , on the up-stream face, the following

finite difference equations are used for the prupose of calculating the
equation (21).

_§H= (4‘U&¢IFU¢§{—3UL;) , E_-D_’ ..QUH*U.,[‘-’I 4Ua..ri)
X TR o 2R (22)
SV _ (V¥ 3V) , 3V L)V* 24V

L 2R 3y 2R
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In conclusion, by inserting (22) to (21) and solving simultaneously
(21) and (20), Z& , I:T' and.‘f- are obtained. As to the down-
stream face, the trea mentj S Jugt the s!ﬁe, and the dam crest, almost the
same .

The boundary condition at the dam base is given in the following
general expression.

W =§(ik,nat) Cen

(5) Condition of stability of solution and actual calculation. To examine
the condition of stability of solution, the simplification of the funda-
mental equations, (5) and (6) was made, namely differentials of first—
order of displacement were neglected and, physical constants )\ and were
assumed as fixed values. And the following condition of stability was
attained. {

_}_\_1314 o (24)
a3
Mesh points to be applled the equatlons of finite difference (14) and
(15) were taken as all the internal mesh points except the points on the
boundary line. As shown in the equations (14) and (15), displacement at
eight points surrounding the central points of (, are necessary for
the equation of motion. Accordingly, for the mesh points qu which are
just inside of the up and down stream faces, the values at fictious point
out31de of the dam body, is necessary. That is because the

term og gxa . for the displacement (L is generally expressed by the
following equation of finite difference.

"W ~
9’““; 4% (Uit s Ung Uiy = Ui -0) (25"
S*u
X9

U
axag e 4—%:' ( uﬁfﬁ Ut J’ 1~2 Ui }"f +lis § ] u—d,‘r*ub +1"u;£46))

not using the values of the fictious pointi:4/'*i outside of the dam body,
an equation of motion is expressed only by internal points and points on the
boundary. In censequence, to set up the equation of motion for the points
on the just inside of the boundary, the equatlon (26) is used.

Now, if is expressed by the equation (26)

4, Distribution of stress and displacement by dead weight and statical
water pressure in the earth dam. '

In the starting of calculation of vibrations, physical constants of
each point should be determined, and calculation ought to be begun as
dynamical initial value by using physical constants corresponding to the
stress in the statical condition. In this sense, the distribution of
stress and displacement of the earth dam by dead weight and statical water
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pressure is to be analysed. . .
) If the left side of the equation (5) is zero, and the 1ef: ~f:ld:;eL ;f
the equation (6) is f(x,p% , fundamental equations can be ?b aine or
the statical calculation. _As boundary conditions the following are
established. .
(i) In case of empty reservoir _ 3
up-stream face, crest of dam, down-stream face: same as (i), (ii)
and (iii) of (7)
base of dam: UW=Ur=0
(ii) In case of full reservoir
up-stream face: stress in the vertical direction to the up-streamn
face equal —W_(H, }\ . stress in the parallel direction equal

zero.
Crest of the dam, dovn-stream face: same as (ii) and (iii) of (7)
Base of the dam: =1r=0

In here \[J; ¢ weight of unit volume of water Ho: depth of reservoir
water : height from the dam base
The attempt is made to solve by changing the fundamental equation into
en equation of finite difference basing on Successive Over Relaxation Method.

If m order and m+{ order approximation are expressed by(m)a.nd(qu-i-i] ’
equation of equilibrium of force is as follows:

mﬂ (m) (‘m\ ( (n
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J“rﬁ%iw"a“ Vel gt gt ¥ G- 4TS

) (m+) _ (m)  Omt) (fm

Zﬁz ,3/‘2)% U6t g A v
) fms) — e A
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5. Example of numerical calculatlon.

An earth dam bein
example of calculation,
Among them 99 points were
boundary points, So as to
the time interval was set u

g 50 meters high as shown in Fig. 6 was talken as an

Mesh points were selected as shown in the Figure
provided for internal points, and 44 p01ntsg;or.
satisfy the condition of stability of solution
P as At a. oo?m, taking the mesh intervals ’
Lag A5



of i three varieties 5 mebers, 12.5 meters, 15 meters,tuulﬁ,s meters.
(1) In case of empty reservoir :

(i) Statical calculation. The distribution of displacement and
stress in case of total weight of a dam body acting at a time, was cal-
culated by applying (1) and (2) to (27) and (28). The calculation is
- repeated and continued to the extent that the total of the difference
between N\ and A of m+{ order and am order at each mesh point comes
up to 1 x 107 2" of the total sum of the values of A and i of m order.
The distribution of displacement and stress obtained by this calculation
is given in Figure 7. : ;

(ii) Dynamical calculation. By applying the equations (3) and (4)
to the equations (14) and (15), the distributions of displacement and
stress were calculated at every time interval. In this case, the value
calculated from (3) and (4) by using the stress at each mesh point obtained
basing on statical calculation of (i), was used for physical properties of
dam body in initial time. ' '

Figure 8 denote the transition of displacement of a dam crest in case
of whole dam base being uniformly affected by simple harmonic vibrations
of displacement and the vibration mode on the vertical center line of dam
body. As simple harmonic vibrations of displacement, seven kinds of periods
from the period 0.2 sec. to the period 1.5 sec., were selected, and amplitude
of displacement was fixed in order that half amplitude of maximum accelera-
tion may come up to 100 cm/sec?.

The calculation was being continued to the state affected by foundation
motion of several waves., Figure 9 shows a resonance curve of the dam crest
of the one which is assumed to be the fundamental mode of vibration during
this period of time. Resonance period is 1.1 second and the acceleration
on the dam crest in the resonance was 7.5 times of the acceleration of the
foundation. . . . '

The examples of the distribution of the displacement of the dam body
at a certain time during vibration and the distribution of the stress of
the dam body corresponded to this (statical stress and dynamical stress are
included) are given in Figure 10.

And then, the example of calculated developments of displacements of
the earth dam due to the natural earthquakes which were observed on the
soft foundation is shown.

The maximum acceleration that was obtained by differenciating the
displacement of this earthquakes in Fig. 11 is 70 cm/sec®, as shown in the
same figure.

The processes of the displacement of vibrations at the dam crest of
the dam body are given in Figs. 11,

(2) In case of full reservoir. .

(i) Statical calculation. Assuming that dead weight of a dam body
acts at the same time as water pressure load does, the distribution of
stress and displacement are calculated. The result is given in Figure 12,

(ii) Dymamical calculation., Seismic calculation was made on the
displacement by natural earthquakesshown in F;g. 11 as earthquake input
to the dam base, and the processes of displacements of vibrations at the
dam crest and the middle of the dam body are shown in Figs. 13 In this
case, the value of physical constants which was obtained by applying
statical stress in the condition of full reservoir to (3) and (4) was used
as an initial value of physical constants of the dam body. Compared with
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mass of the dam body (13,000 tons per 1 meter in thickness) virtual mass
of hydro-dynamic pressures (300 tons) is so small that the effect of
hydro-dynamic pressures was neglected. _

Fig., 14 denotes distributions of displacement and stress at one time
point in process of this vibration.

In case of tremor when the reservoir water is at full level, the in-
crement of internal pore-pressure in the earth dam is an important problem
from viewpoint of stability. Taking the above-mentioned calculation as an
example of application, this problem has been discussed. IfApP , the in-
crement of pore-pressure caused by internal dynamical stress is modified
so that the equation given by Skempton5) may be applied to this instance,
the following equation can be obtained.

m_ )t s |

Sff&;“ : dynamical principal stress at the time t.
PR ¢ dynamical poisson's ratio "
The conditions of the increment of pore-pressures at two different
times were obtained using 6§mand 6;“ in seismic calculation in the con-
dition of full reservoir, The results are given in Figure 15.

6. Discussion and conclusion.

The method of analysis of non~linear vibration of the earth dam was
made clear. Principal knowledge obtained from examples of calculation is
as follows.

Vibrations in the dam body are not always stational even if vibrations
of dam foundation are stational. That is because physical properties change

every moment according to stress and also various modes vibrate superposing
intricately.

As for the vibration mode of the lowest order in the central vertieal
section in seven kinds of stational vibrations of the fqoundation, a resonance
curve was drawn. According to this curve, it was estimated the fraction of
critical damping is 0,066 when a resonance period is 1.1 sec.
of vibrations is due to the internal viscosity of the dam body.

If the same calculation is made giving consideration to the thickness
and physical properties of the foundation layer, it is possible to éstimate
the damping of vibration including dissipation of vibration energy of the
dam body into the foundation.

It was made clear by this example of calculation that among vibration
modes in the central vertical section given in Figs, 8 and 9, the funda-

- mental mode is different from the mode in shearing vibrations, but similar
to the mode observed on the prototype dam.

Although the distribution of internal stress and displacement caused
by vibrations is complicated, according to the example of this calculation,
in combination with statical stresses and dynamical stresses, tensile
stresses in the parallel direction to the up and down-stream-faces appears
on the up and down-stream faces in the upper part of the dam body. It can
be said that the result of this calculation explains the actual cracks
observed in the prototype earth dams which were affected by severe earth-
5)

This damping

A, W. Skempton: The Pore-Pressure Coeff. And B. Geotchnique, 4
1954.
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quakes.

Besides, during earthquakes in the condition of full reservoir, large
increment of pore water pressure appears on the up-stream face as high as
the central part of the dam body and its vicinity. This is one of factors
which have a great influence on the stability of the earth dam,

From above mentioned methods of analysis, the concrete discussion on
a-seismic problem of earth dams can be carried on.

A5 127 .



(5°dD) 4 PoOT jo fuanbaly e
oS . o . (uaissaxucy+ ) 13 uoyg _ou._to>

oSt ool
u.rmf 4 ) <0Ixo2 <0Gt Loxa oS o
b 2m —=
DY i Sl 3 -3 ] =
vogdii bumoiioy a3y wasaxbs sauy  piog 7
¥ waloy saom M . A i \\
3 ooy PROA oy 19 . . \ /
/
wiBZ:w | 1809 o i / y _
T €2 w02 puobyp2:0 OO ON B © oS ; Y Y 4 f
%OLZA 180:9 o L | & &
924 Ju9bY2=S1p ucbygeso Ghz N s O i L \ \
N " St foil)
%y8a:M | 080='9 ¥ g \\w (i oS
2N UOPIORS2p uoML2:0 GPEON ISy ¥ g - A - "W
& o .
3 vars?
g 2005 "
& wnssaLy  pauljuo)
= 0} 3NP UG DIIA
ES P
o
2 g
oy 777 1T o
Mo e
e ligeno Gane [ v \ \ ’ -
- ..“ %” = 1 & 2aizan ELTETET %Q2:=M  §0= 13 UBjUO)  13joM LY
“ ZeN (T e S i iqesea
= &T\ z - SSESASERETRAIRNE TN WOBHR:TE) GO2aN AL aloy] oA 1owur 13
v — ke ) —— N._R.Emw_uc 6uipup jo uoyyaday jo on | paonwedy N
b Gupotny jo uonaday Jo ‘oN |pAOIMWADY N - %v82=4| 080='3 " - (X2/m) PooT Yo Kuenbdaiy ’ 3
amssody ponvey <op 823, WOBOE20 G oN Isa i : wve M
(1 wbqrosS29)  Apsunur oo I o 2N L2=0 i uong oI 13 0w
(x2/m) po0T |j0 Auandasy ) _ (TmPS Q0+ Y25 ] ANSUaL| 1 o
frousoi3 jo soypoy wng Jwoukg o3 H d  pauyuo) 0

(03] Uioijg (09137 — Afisuaju] poo] dwoukq € 014

o
e

'e]
o

[o]] ]
. ) : /6% \_OM —_—
Y510 4 $o/H 0 — ~

1o h
¢ TR e Y e
yd 20 T gz = :
f *20—1 oo
T&M\ m\\”\\@mwu\\ . ».BV%?/ /
Dz

o
04
€0 ]
. ! N
(] N [ge=teg vC Ai\ N
% Y0 L4— 060 3 \ |3
" j A M 3 i 005

]
€20 _ G0

10 013

Apaysol3 jo
(1sal oUDIS) snInpoy  1uooag (02101S - 3

€20 saJnssald pauljuod Jo Sjnd| SNOIIOA JO} SuOoloial 1O \eu\_ r4 ,Q_n_ (159} 21404S)
sainssaid Paul juOD JO S|9A3| SNOLIOA 40} saADd 1093 — .OW*

%) 'O Aisusiu poon (oo

( uojssaxduio) 2

128



Fig.5 ' _Dynamic_Poissons Rotio — Meon _Level of Dyomic Lood o (Clay)

( Oynomic Lood- = a r bsinwl) Fig. 6

Piofile o ma Eorth Dom

v:021+55x 107

o o . o e/108/ B e
04 o o o, 0}00/0 . /41/

os +

I i
o

> )
=T e o
. [} Mean Point (L.J)
,

0z 4 % ° PP
an
=T 8 T
e i T s
ol 1 P s e s e it oo e e
T T e Ty i e e e v w w s om
v + t t t
o 10 20 30 40
——— o (kgecm™?)
. . . N N i
F 1g. 7 Deformation and Principal Stresses of the Earth Dam Due tfo its Own Weight
) ' ( Reservoir empty )
Scale for Displacements : (a) Deformation
o— ' + 50M00
100em 100cm
" ~
- el o N ;“i'
. % — .
T= i
—1 = i f i el .
+*0.00 ] | 1 1 1 |
(b) Minimum Principal Stress: ( Compression kgcm2)
_—— Yoer foss \
~ - -
ost “osy Tost “os2
*008  “036 043 Toas Toar  Toss
- - - e - -
0sa 075 "o 071 T0so Tosi
o« 108 123 t20 Tz Tioo “om2 “oee
TTer ves imo s ia Tris o1 “ore v
20 TIos Ty s TTER "I TTHe Tz v “oss .
Teg 370 a8 W05 208 iB2_ 7195 sz T30 “0us 708~
e —————
N T mﬁ” /E "_T}( T2 Tul fass TS
on 3 88 T T3ve 3y 336 408 483 ~4as ST so7 a2l 3077 28 185 130 oa7
(¢c) Maximum Principal Stresst (Compression kgemi ?)
05 ——
081 "'12I"0~122
129 177 3471
212 | 261} 252 | 200 Y126
nr foz2n 293 | 3a2{ 330 zvu \uz\oa:
a7 / 132 202 § 300 | 377 |} a3} are § 367 \zm \m gy
m 268 {388 Jjas7 | s36fsos\¥ aas Y 392 oo z.as loa\lsl
T es fff ao7r fl s20 faps | sos \§ ssa \f aor m wo 175\092
1 /|.7e an a8 f 616 /:.! 695 1Y 507 \ 2.51 an
4-95 42& 460 [ff 753 fl 790 Y 245 7s3 rss 94 ao soa 208~ ~
] 24 /' Az / / / 5554 726 808 | 261 %a \Vse \sw \lll \ssa 210

129



Fig 8 Vibration of the Earth Dam Due to Sinusoldal Ground Motion
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Fig.13

viteation of the Earmndom cus fo Random Ground Mation
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Fig.14 Cetarmation and Principal Stresses due to Random Ground Motion
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