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ABSTRACT

A 2D constant }“'*”1“-'-]."”“_‘5 element reservoir mode] js used to obtain hydrodynamic
= » = - . a s . . 5 - % : 5

G pors d | mnirunml and vertical excitations. Energy dissipation due to both
nfinite radiation and damping along the bottom of the reservoir has been incorporated.

The Fast Fourier transformation (FFT) techmiqie’is then used to find 3 respoiis: to o
siven SeISIMIC 1npul through the frequency domain analysis. This gives the time history of
fhv resultant hydrodynamuc force acting on the dam face. The results indicate that the

but also on the nature of the seismic input (frequency c«
Juration of strong motion). Critical

qe to harmonic !

ntent, ground acceleration and

depths, at which maximum reservoir resSponse occurs,
e :dentified for various seismic excitations.

INTRODUCTION

A number of studies have been carried out on the seismic response of 2D gravity
dam-reservoir-foundation determimistic models using both finite element and boundary
element methods (Hall and Chopra, 1980; Hanna and Humar, 1982: Liu, 1984; Humar and
Jablonski, 1988). Some attempts have been made to introduce non-deterministic models

(Cheng, Yang and Niu, 1990). However, little attention has been given to the effect of
different seismic inputs on hydrodynamic forces acting on gravity dams.

The analytical 2D model of the system, based on the model first introduced with the
FEM (Hall and Chopra, 1980) , is used in this study. The energy loss in the outgoing
waves has been modelled by assuming that beyond a certain distance upstream of the dam
the reservoir has a uniform rectangular shape. Boundary element discretization is limited
to the irregular region of the reservoir in the vicinity of the dam face. For the regular
but infinite region a one-dimensional finite element solution is employed. The effect of ?he
reservoir foundation damping is also included based on a simplified boundary COI’ldltl‘{)n
which models the absorption of the reservoir bottom using a one-dimensilona.l compres.swe
Wave propagation model (Hall and Chopra, 1980). This model has been incorporated into

. : - ki
. br”undaf}’ element solution for small vibrations of the reservoir (Hurna,r‘ anfl JabganEI\f
1988). This paper presents the results ol more recent study on the application o -
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which only planar vibrations are considered m of {,

reservoir may undergo the Prescribed acceleratic')n h-iStOf}’ d‘Uﬁ to horizontal a_nd Vertica]
components of the ground motion. Dam-foundation ln-teractlon eg@a? are not included j,
this model, but the bottom of the reservoir may be flexible or almost rigid. Sma]] vibration
theory is used to solve the problem. The governing equations are the linearized Navier.
Stokes equations, which are valid for non-viscous and compressible water. For harmonic
motion of the dam and foundation, uniformly distributed along the dam and the resery
bottom, the Navier-Stokes equations are reduced to the Helmholt~ equation:
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For 8 rigid reservoir bottom, ag = 1.0, and~ _ ¢
8, :

.1.e. damping is ab 73
1/c, this represents full damping. The wav ping1s absent. For ag = 0, and

y = e reflection coefficient may be expressed in
the follo

wing form:

S L l—w(.‘/(w,. cr)
5 1 4+w C/(wr Cr) (4)

Along the ?ransmit.ting boundary, the boundary condition has been derived based on
‘he One-dimensmnal fimte e_lement model of the infinite region (Hall and Chopra, 1980;
Humar and Jablonski, 1?88). It has been successfully used in both the FEM and BEM
formlﬂati(ms. For a horizontal and/‘:’)l' vertical harmonic ground motion this leads to a
colution of an eigenﬁval'tw problem. This solution is then coupled with the boundary element
colution for the finite irregular region of the reservoir adjacent to the dam. Compatibility
of the pressure and pressure gradients 1s then imposed at the interface of the regular and
irregular regions. The reservoir damping in the infinite region 1s also included.

RESPONSE TO AN ARBITRARY GROUND MOTION

When the excitation history is given in terms of a function of the acceleration a(t)
and F(w) represents the harmonic response of the system to a unit acceleration, ghat
the so-called harmonic synthesis (superposition of all responses) may be expressed in the

following form:

Fit) = %7; / A(w) F(w) e*dw (5)
where
Alw) = / a(t) e ' dt (6)

Equation 6 is the Fouriér Transform of the acceleration function a(t), while Eq. 5 1s the

Inverse Fourier Transform of the product of the frequency functior}s A(w)-and F(w) 'It‘iz
continuous expressions given by Egs. o and 6 can be converted 1nto finite sums 1n

fouowing form:

N-1 : e =

{F(mAt)} = Z;: Z{A(m&w) F(nAw)}e ¥ (7)
N -1 TR |

[A(nAw)} = Ot Y {a(mat)}e % (8)
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The reflection cocfficient for the reservoir bo‘tom is seen to have a significant efiect
ak pressure on the dam. For all results in Table 2, reductions in peak lorce
rat108 by fafttfr.ﬂ of 3 to 4 occur for agp = 0.75 as compared to arg = 0.975. Only small
further reductions occur for ag = 0.5. The absorption properties of the reservoir bottom
therefore of major 1mportance in relation to the peak dynamic pressures on the dam.

arc
L resultant pressures as a function of the variation of the reservoir depth

}I'C:-'.-t‘lltt“d :nn Table 3. For the shallowest reservoir, Case 1 and for ap = 0.975, the
peak h_‘fdmdwmlmlt ﬁ*rrcv fl't:‘illl the El Centro motion exceeds substantially the hydrostatic
. This case coincides with a peak in the response spectrum curve shown in Fig. 2. For
the lower ~eflection coefficient ar = 0.75, the peaks ol hydrodynamic forces then become
.han the hydrostatic ones, but are still of substantial amplitude. The results for the
Saguen uake are quite moderate in comparison. For Case 2 1n Table 3, the results

ror Saguenav earthquake exceed those from the El Centro earthquake for the higher ag.

10T
st reservoir, the El Centro excitation produces larger pressures than

For Case 3, the deepe
As was the case for the results presented in Table 2. substantial reductions

of 2 to 3, when the reflection coethcient

Thr_" P cd

are |

Jess
ay earthq

Saguenay.
hydrodynamic forces occur, by factors

in peak
from ag = 0.975 to 0.70.

changes

CONCLUSIONS

1 The damping characteristics of the reservoir bottom have a significant effect on the

peak hydrodynamic forces on the dam caused by seismic excitations.

The geometry of the reservoir affects the relative contributions to the total hydrody-

arising from horizontal and vertical excitations.

3. For obtaining maximum pressures on the dam, the critical depth of the reservolr varies
h the help of response spectra. For

for different seismic records and may be derived wit
induced hydrodynamic pressures

the parameters chosen in this study, the seismically 1
acting on gravity dams can be a considerable fraction of static water pressure, and 1n

N

namic pressure

certain cases. can exceed 1t.
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