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Application of Hydrodynamic Pressure for Three dimensional
Farthquake Safety Analysis of Dam Intake Towers
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/ABSTRACT/

In the present study, effective hydrodynamic pressure modeling methods for three-dimensional earthquake safety analysis of a dam intake
tower structure are investigated. Time history analysis results using the Westergaard added mass and Chopra added mass methods are
compared with the one by the CASI (Coupled Acoustic Structural Interaction) method, which is accepted as giving almost exact solutions,
to evaluate the difference in displacement response, stress and dynamic eccentricity. The 3D time history analysis of a realistic intake
tower, which has the standard geometry widely used in Korea, shows that the Chopra added mass method gives similar results in
displacement and stress and less conservative results in dynamic eccentricity to CASI ones, while the Westergaard added mass yields
much more conservative results in all measures. This study suggests to use the CASI method directly for three-dimensional earthquake
safety analysis of a dam intake tower, if computationally possible.
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Fig. 2. Cylindrical coordinate system for Chopra hydrodynamic pressure
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Fig. 4. Numerical test models for hydrodynamic pressure

Table 1. Finite element models for hydrodynamic pressure tests

Tests AxBxH (m) Domain Nodes Elements
Structure 2,255 1,600
10x100x25
Reservoir 9,471 8,000
Submerged wall Structure 4,305 3,200
structure 10x100x50 -
models Reservoir 35,301 32,000
Structure 6,355 48,000
10x100x75
Reservoir 77,531 72,000
Structure 2,288 1,100
20%20x50
Reservoir 3,146 25,00
i Structure 3,328 1,600
Inside water 40%2050
models Reservoir 6,006 5,000
Structure 3,328 1,600
20x40x50
Reservoir 6,006 5,000
Structure 3,146 2,500
20x20x50
Reservoir 318,240 300,000
i Structure 6,006 5,000
Surrounding 40%20x50
water models Reservoir 344,760 325,000
Structure 6,006 5,000
20x40x50
Reservoir 344,760 325,000
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Fig. 6. Comparison of hydrodynamic pressure values for towers as-
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Table 2. Hydrodynamic pressure distributions on reservoir-structure boundary surfaces

Tower structures

Submerged wall structure model (10x100x50)

Inside water model (20x20x50)

Surrounding water model (20x20x50)
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Table 3. Parameters for artificial earthquake generation

Parameters Values Evaluation conditions
Seismic zone factor 0.11 Seismic zone 1
Importance factor 14 Return period | 1,000 years
Seismic coefficients (C, /C,)| 0.09/0.09 Site class SA
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Table 4. Maximum absolute values of displacement responses eva-
luated by CASI, Chopra and Westergaard hydrodynamic pres-
sure methods

) Maximum absolute Maximum absolute
Hydrodynamic pressure - o
values of x-direction | values of y-direction
methods ) )

displacement (mm) displacement (mm)

CASI method 18.126 24.718

Chopra added mass 17.850 24.027

Westergaard added mass 20.649 41.741
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Table 5. Maximum of absolute eccentricity ratio history values for dam
intake tower evaluated by CASI, Chopra and Westergaard
hydrodynamic pressure methods

. Maximum of absolute | Maximum of absolute
Hydrodynamic pressure - L - L
eccentricity ratio in eccentricity ratio in
methods L S
x-direction y-direction
CASI method 0.506 0.513
Chopra added mass 0.451 0.457
Westergaard added mass 0.655 0.664

Table 6. Maximum of absolute maximum principal stress history
values for dam intake tower evaluated by CASI, Chopra
and Westergaard hydrodynamic pressure methods

Hydrodynamic pressure | Maximum of absolute maximum
o Time (sec)
methods principal stress (MPa)

CASI method 11.23 4.83

Chopra added mass 11.50 4.83
Westergaard added mass 12.23 8.34

S, Max, Principal
(Avg: 75%)
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(a) CASI method (4.83 sec)

(b) Chopra added mass (4.83 sec)
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Fig. 12. Maximum principal stress contours for dam intake tower
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