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Fig. 1 Outline of a dam-foundation-reservoir system.
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(a) Perspective of the dam—foundation model.
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Fig. 2 Model of a gravity dam for the present method.
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Table 1 Material properties of the model.

Foun- | Res-
Dam | dation | ervoir
p (t/m®) | 2.30 | 2.30 | 1.00
vs (km/s) | 2.00 | 3.00 —
vp (kim/s) | 3.27 | 5.61 1.44
Extreme point node of FE (Dam) B
Mid point node of FE (Dam) = a
Extreme point node of BE (Foundation) ~ .
Mid point node of BE (Foundation) /“( \
Extreme point node of FE (| rvoir) >
Mid point node of FE (Reservoir) s
Extreme point node of BE (Reservoir) Sl
Mid point node of BE (Reservoir) ] 120m
/B/ '

[s]e]

Fig. 3 Model of a gravity dam for the 2-D FE-BE method

in time domain.
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Fig. 4 Frequency response functions of z-component mo-
tion at points A and B.
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Fig. 5 Model of a 3-D arch dam—foundation-reservoir sys-
tem.

Table 2 Material properties of the arch dam-foundation—
reservoir system.

Reservoir
p__vp
1.00 1.44
1.00 1.44

Foundation
P v vs
2.40 0.250 2.46
2.40 0.250 4.92

Dam
0 v vs
1 |2.40 0.170 2.46
2 [2.40 0.170 2.46

case

p : density (t/m®%)
v : Poisson’s ratio
vg,vp : S, P wave velocity (km/s)
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(b) Case 2.

Frequency response functions of z-component mo-
tion at point A due to upstream-downstream
ground motion.
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Fig. 7 Frequency response functions of r-component mo-
tion at point B due to cross-stream ground motion.

Table 3 Predominant frequency, response amplitude and
modal damping ratio of the 1st symmetric

modes.
case 1 D)
reservoir empty full | empty full
predominant
frequency (Hz) 2.9 2.0 3.2 29
response )
amplitude 245 438 | 410 715
modal damping )
ratio (%) | 67 601 55 45
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(a) Case 1.

(b) Case 2.

Fig. 8 Distribution of hydrodynamic pressure at the 1st symmetric modes.
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Table 4 Modal damping ratios in % and (frequencies in
hz) obtained from forced vibration tests of arch

dams'®).
darm [height (m)] 1S 1A WL(m)
2.7(3.1)  2.2(3.6) 7
Monticello[93] 3.1(3.2) 2.1(3.6) 12.5
3.0(3.1) 1.8(3.6) 6
" Pomiia | 3G TABT) 48
orrow Poltt{143] | 4090y 1.5(3.3) 3
Quan Shui[80] 3.9(4.1) 3.5(3.9) 4.5
25%9) 3.9(5.9) 155
Tonoyama[64.5| 2.7(5. ) 16(5.2) 25
Kamishiiba[110] | 5.0(3.8) 4.0(4.3)  full
, w7) 18(55) 22
Sazanarmigawa[67] 20(43) 3.0(4.3) full
, 1.1(1.7) 09(14) empty
Kolnbrein(197] 15(14)  1.3(1.2) 12
Schlegeis(131] 1.4(2.3) 1.1(2.2) 37
, 15(41) 19(38) 16
Yugoslavia 2[53] 19(36) 2.7(3.3) 5
Techi[181] 16(3.3) 3.4(2.7) 17

1S: 1st symmetiric mode, 1A: 1st antisymmetiric mode,
WL: water level below the crest.
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(a) Case 1.

(b) Case 2.

Fig. 9 Distribution of hydrodynamic pressure at the 2nd symmetric modes.
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A 3D FE-BE METHOD FOR DYNAMIC RESPONSE ANALYSIS OF
DAM-FOUNDATION-RESERVOIR SYSTEMS

Shojiro KATAOKA and Tatsuo OHMACHI

A simulation method is developed for the dynamic response of 3-D dam-foundation-reservoir systems.
The dam is modeled with finite elements; while the foundation and reservoir are modeled with boundary
elements. Interaction effects and radiation conditions can be taken into account without any geometric
restrictions. Following a simple analysis, responses of a 3-D arch dam interacted with foundation and
reservoir to harmonic ground motions are simulated. The dynamic interaction effects are discussed based
on the computed responses of the dam and distributions of hydrodynamic pressure.
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