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/] ABSTRACT /

In order to improve seismic safety of nuclear power plant (NPP) structures in high seismicity area, seismic isolation system can be
adapted. In this study, friction pendulum system (FPS) is used as the seismic isolation system. According to Coulomb's friction theory,
friction coefficient is constant regardless of bearing pressure and sliding velocity. However, friction coefficient under actual situation can be
changed according to bearing pressure, sliding velocity and temperature. Seismic responses of friction pendulum system with constant
friction and various velocity-dependent friction are compared. The velocity-dependent friction coefficients of FPS are varied between low-
and fast-velocity friction coefficients according to sliding velocity. From the results of seismic analysis of FPS with various cases of friction
coefficient, it can be observed that the yield force of FPS becomes larger as the fast-velocity friction coefficient becomes larger. Also, the
displacement response of FPS becomes smaller as the fast-velocity coefficient becomes larger.
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Fig. 4. Nonlinear model of friction pendulum system
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Fig. 5. Structural analysis model of seismically isolated NPP
Structures with FPS
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Table 1. Characteristics of seed earthquakes used in artificially generating process.

53 H[108%) | March 2016

Earthquake Station ATR/SCR Magnitude Closest Distance(km) NEHRP Site PGA(g)
Miramich, Canada(1982) B2 SCR 5.7 5.10 0.3410
Saguenay, Canada(1988) DCKY SCR 59 194.70 0.1000

Parkfield(1966) TMB ATR 6.19 15.96 o] 0.2934
San Fernando(1971) PUL ATR 6.61 1.81 A 1.1644
Gazli, USSR(1976) GAZ ATR 6.80 5.46 o] 0.6438
Imperial Valley-06(1979) E05 ATR 6.53 3.95 D 0.4481
Imperial Valley(1979) SUP ATR 6.53 2461 Cc 0.1598
Livermore-01(1980) KOD ATR 5.80 17.00 D 0.1066
Victoria, Mexico(1980) CPE ATR 6.33 14.37 C 0.5722
Morgan Hill(1984) CLS ATR 6.19 23.24 o] 0.0983
Morgan Hill(1984) G06 ATR 6.19 9.86 o] 0.2814
Nahanni(1985) S1 SCR 6.76 9.60 o] 1.0556
Nahanni(1985) S3 SCR 6.76 5.32 Cc 0.1512
Superstition Hills-02(1987) ICC ATR 6.54 18.20 D 0.2933
Spitak, Armenia(1988) GUK SCR 6.77 36.00 D 0.2071
Loma Prieta(1989) BRN ATR 6.93 10.72 C 0.5263
Loma Prieta(1989) CLS ATR 6.93 3.85 o] 0.4975
Loma Prieta(1989) LGPC ATR 6.93 3.88 o] 0.7835
Erzican, Turkey(1992) ERZ ATR 6.69 4.38 D 0.4886
Cape Mendocino(1992) CPM ATR 7.01 6.96 o] 1.3455
Northridge-01(1994) CHL ATR 6.69 20.45 o] 0.2148
Northridge(1994) PAC ATR 6.69 7.01 A 0.4085
Northridge(1994) PKC ATR 6.69 7.26 Cc 0.3482
Northridge-01(1994) RRS ATR 6.69 6.50 D 0.6336
Kobe(1995) KIMA ATR 6.90 0.96 D 0.7105
Kocaeli, Turkey(1999) GYN ATR 7.51 31.74 o] 0.1387
Kocaeli, Turkey(1999) 1ZT ATR 7.51 7.21 B 0.2037
Chi-Chi, Taiwan(1999) TCU072 ATR 7.62 7.03 o] 0.4033
ChiChi, Taiwan(1999) TCU089 ATR 7.62 8.88 o] 0.2878
Duzce, Turkey(1999) BOL ATR 7.14 12.04 D 0.7662

*ATR: Active Tectonic Region, SCR: Stable Continental Region
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Table 2. Nonlinear modeling parameters of friction pendulum system
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Fig. 15. Comparison of maximum acceleration response of containment structures isolated by FPS with constant friction and various

velocity-dependent friction
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Fig. 16. Comparison of maximum displacement response of containment structures isolated by FPS with constant friction and various

velocity-dependent friction
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Table 3. Comparison of discrepancy ratio of velocity dependent friction cases (Case 2~Case 7) to constant friction case (Case 1)

Discrepancy Ratio of Velocity Dependent Friction Cases (Case 2~Case 7) to Constant Friction Case (Case 1)
Case No. Friction Max. D.isplacement on topoof Max. Acceleration on topoof
Coefficiont(%) Period (%) Containment Structures (%) Containment Structures (%)
X—Direction Z—Direction X—Direction Z—Direction
CASE 2 -37.5 9.60 237 3.84 -9.20 2.62
CASE 3 0 -12.58 -0.13 0.43 -0.61 6.14
CASE 4 -18.75 -3.45 -11.07 -12.21 3.17 9.51
CASE 5 25 -21.34 -13.65 -14.92 17.25 19.06
CASE 6 -56.25 27.75 -16.45 -18.25 -5.67 5.71
CASE 7 50 -30.43 -24.86 -26.68 32.62 34.13
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