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Study on the Application of Damping Ratio in the Seismic Performance Evaluation
of Concrete Dams

Jeong-Keun Oh', Yeong-Seok Jeong”, Minho Kwon®*

Abstract: The purpose of this paper is to review the appropriateness of the application method for the value of the damping ratio suggested in the
current design standards and evaluation guidelines when evaluating the seismic performance of concrete dams and to suggest improvements. As a result
of the study, for the magnitude of the damping ratio in the dynamic elastic analysis, it is necessary to refer to the case of a similar dam in which the
magnitude of the earthquake load is similar and the reproducibility of the damping ratio has been verified. Considering this, it is necessary to apply
a low damping ratio and consider adding hysteresis damping in case of nonlinear behavior. In addition, since the concrete dam body located on the
rock has insignificant radiation attenuation effect, it is not reasonable to increase the damping ratio of the concrete dam body to reflect the radiation
damping. Therefore, in order to evaluate the realistic seismic performance of concrete dams, it is necessary to revise the damping ratio-related contents
contained in the current dam design standards and evaluation guidelines.
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Table 1 Rayleigh damping constant by damping ratio

Damping ratio B
2.5% 1.1534 0.0005
5.0% 2.3068 0.0009
7.5% 3.4602 0.0014

Damping ratio  a B
10.0% 4.6136 0.0018
12.5% 5.7670 0.0023
15.0% 6.9204 0.0027
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Table 2 Concrete Damaged Plasticity model inputs

Dilation Angle | Eccentricity | b0/fcO K Viscosity
Parameter
36.31 0.1 1.16 0.667 0

Table 3 Concrete strength and behavior properties

Compression behavior Tensile behavior
Initial Comp.str. | Comp.str. | Strain at | Tensile str. };riz:g/e
(N/m) (N/m’) | comp.str. | (N/m) (N/m)
10,350,000 20,700,000 | 0.001 | 2,418,000 216.1
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Fig. 5 Comparison of horizontal force at the bottom of the dam body
by acceleration magnitude
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Table 5 Comparison of horizontal force at the bottom of the dam body
by damping ratio size

AC,,C' . H(kN) max oD Damping Elastic © . Dpm @ oo
(E-5%) Elastic @ Dpm @ ratio H(kN)  Ratio  H(kN)  Ratio
0.1g -3.11E+04 -3.05E+04 0.98 E25%  -547E+04 112  -4.74E+04 097  0.87
0.2g -3.99E-+04 -3.79E+04 0.95 E-5% -487E+04 1.00 -4.57E+04 094 094
0.3g -4.87E+04 -4.57E+04 0.94 €75%  -4.67E+04 096 -453E+04 093 097
0.4¢g -5.75E+04 -5.31E+04 0.92 E10%  -452E+04 093 -442E+04 091  0.98
0.5g -6.63E+04 -6.05E+04 091 E-12.5%  -435E+04 089 -427E+04 0.88  0.98
0.6g -7.51E+04 -6.16E+04 0.82 E15%  -4.19E+04 086 -4.11E+04 084  0.98
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Table 6 Comparison of stress at the bottom of the dam body by
damping ratio size

. Elastic . Elastic
Damping ” Damping ot
ratio Tess . ratio Tess .
(MPa) Ratio (MPa) Ratio

E-2.5% 5.296 1.16
E-5% 4.578 1.00
E-7.5% 4.434 0.97

E-10% 4.086 0.89
E-12.5% 3.847 0.84
E-15% 3.707 0.81
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Fig. 9 Comparison of response for each boundary condition at the
bottom of a dam body
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Fig. 10 Comparison of response for each boundary condition at the
bottom of a dam body
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Table 7 Comparison of response for each boundary condition at the
bottom of a dam body

Division Dam Body = Rock-Dam Body = Dam Body
bottom Rigidity Interaction bottom Spring
Max 3.10 3.28 3.04
Stress Ratio 1.00 1.06 0.98
(MPa) - Min -3.22 -3.15 -3.16
Ratio 1.00 0.98 0.98
Max 0.98 0.93 0.92
AcC. Ratio 1.00 0.96 0.95
oftop Mi 1.05 1.00 1.02
() in -1. -1. -1.
Ratio 1.00 0.95 0.98
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Fig. 11 Comparison of response for each boundary condition at the
bottom of a dam body
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Table 8 Comparison of response for each boundary condition at the
bottom of a dam body

s Dam Body bottom and Rock-Dam Body
Division . . .
side Spring Interaction

Max 4.48 4.26

Stress Ratio 1.00 0.95

(MPa)  Min -4.89 -4.60

Ratio 1.00 0.94

Max 1.00 0.93

Acc. of  patio 1.00 0.92

1op Mi 1.10 1.00
(@ in -1. -1.

Ratio 1.00 0.91
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Fig. 12 Comparison of response for each boundary condition at the
bottom of a dam body
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