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Estimation of Equivalent Damping Ratio using Friction Response Spectrum

Tetsuya WATANABE*® and Kohei SUZUKI

* Saitama University, Dept. of Mechanical Engineering,
Shimo-Okubo 255, Urawa Saitama, 338-8570 Japan

This report deals with the seismic response behavior of piping systems in industrial facilities
such as petro-chemical, oil refinery and nuclear power plants. Piping is generally put on the
supporting structures. Therefore, frictional vibration occurs between piping and supporting system
during seismic excitation. Special attention is focused on this nonlinear frictional dynamic responses
of piping systems due to frictional vibration appearing among piping and supporting devices. Mock-
up piping structure model is excited by large scale shaking table. FEM model is made from the mock
-up piping of shaking test, and modal parameters of linear system are calculated. Equivalent
damping ratio is estimated from friction response spectra. The maximum responses calculated by
linear analysis using equivalent damping ratio are compared with the maximum responses obtained
by experiment.
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Fig.1 Mock-up piping for testing
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Fig.2 Friction response spectrum
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Fig.5 Estimation of equivalent damping ratio
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Table 1 Parameter for analysis of piping

First Second

Natural frequency {Hz] 4.65 7.05
Damping ratio 0.019 0.013
Modal mass [Kg] 292 150
Participation factor -0.820 0.850
Coefficient of friction 0.135
Vertical force [N] 1470
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Fig.6 Maximum responses in the case of narrow band
random wave
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Fig. 7 Maximum responses in the case of Hyogoken-
Nambu earthquake
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Table 2 Maximum « values for estimation of equiva-
lent damping ratio (Displacement) ¢=0.3

Damping ratio £ | Ground | Ground | Ground | Ground
Non-friction No.l No.2 No.3 No4
system 3-10Hz 2-4Hz 1-2.5Hz | 0.8-2Hz
0.01 0.20 0.04 0.04 0.12
0.02 0.20 0.20 0.20 0.12
0.03 0.20 0.20 0.20 0.12
0.05 0.20 0.16 0.16 0.12

Table 3 Maximum « values for estimation of equiva-
lent damping ratio (Acceleration) @=0.3

Damping ratio ¢ | Ground | Ground | Ground | Ground
Non-friction No.1 No.2 No.3 No.4
system 3-10Hz | 2-4Hz | 1-2.5Hz | 0.8-2Hz
0.01 030 0.04 0.04 0.04
0.02 0.30 0.24 0.24 0.16
0.03 0.30 0.24 0.24 0.16
0.05 0.30 0.20 0.24 0.16
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Fig.10 Equivalent damping ratio
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