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/] ABSTRACT /

There has been an increasing demand for introducing a base isolation system to secure the seismic safety of a nuclear power plant.
However, the design criteria and the safety assessment methodology of a base isolated nuclear facility are still being developed. A
performance based design concept for the base isolation system needs to be added to the general seismic design procedures. For the
base isolation system, the displacement responses of isolators excited by the extended design basis earthquake are important as well as
the design displacement. The possible displacement response by the extended design basis earthquake should be limited less than the
failure displacement of the isolator. The failure of isolators were investigated by an experimental test to define the ultimate strain level of
rubber bearings. The uncertainty analysis, considering the variations of the mechanical properties of isolators and input ground motions,
was performed to estimate the probabilistic distribution of the isolator displacement. The relationship of the displacement response by
each ground motion level was compared in view of a period elongation and a reduction of damping. Finally, several examples of isolator
parameters are calculated and the considerations for an acceptable isolation design is discussed.
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Table 1. Performance criteria for nuclear power plants
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Ground Motion Level

Performance Criteria

DBE Less than a 1% probability of unacceptable performance
Performance Criteria of ASCE —
1.5 X DBE Less than a 10% probability of unacceptable performance
GMRS (1x1 0'4) 100% confidence of the isolation system surviving without damage
Performance Criteria of NUREG (Draft) 3
EDB (1x107) 90% confidence of the isolation system surviving without loss of gravity-load capacity
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Table 2. Mechanical property of isolator
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dissipation representing effective damping
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Table 4. Isolator responses by GMRS and EDB spectrum

Disp. Force Dampin Eft. Stiff. | Eff. Freq.
(mm) (kN) PE | (N/mm) | (Hz)
GMRS 279 1609 27.2 5.77 0.434
EDB 897 3694 13.4 4.12 0.367
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Fig. 6. Displacement response affected by frequency shifting and
reduction of damping for the GMRS and EDB spectrum
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Table 5. Design example of isolators and displacement responses by GMRS and EDB spectrum

Increase of Incheha:aer of Increase of | Increase of | Decrease of | Increase of Acceptable
Base Case | Diameter of Modulus of Diameter of Height of Height of Number of‘ Design
Rubber Rubber Lead Plug Rubber Rubber Isolator Unit
Diameter of Rubber (mm) 1500 1800 - 1720
Diameter of Lead Plug (mm) 320 - - 360 - - - 350
Total Height of Rubber (mm) 250 - - - 300 200 - -
Shear Modulus of Rubber (MPa) 0.5 - 0.7 0.7
Number of Isolator Unit (EA) 600 - - - - - 800
Vertical Load of Isolator Unit (kN) 7609 - - - - - 5707 -
K1 (kN/mm) 50.6 73.9 70.8 50.0 422 63.3 50.6 93.5
Kz (kN/mm) 3.37 493 472 3.33 2.81 422 3.37 6.24
0a (kKN) 670 670 670 848 670 670 670 801
Displacement (mm) 279 248 245 217 287 256 184 193
AD?GSMAF:;';’SB Eff. Frequency (Hz) | 0.434 0.499 0.493 0.486 0.410 0.473 0.552 0.582
Eff. Damping (%) 272 236 24.4 335 29.2 253 325 26.2
Displacement (mm) 897 776 768 803 987 829 693 634
ADR(SE'S'I;‘;'VSiS Eff. Frequency (Hz) |  0.367 0.435 0.427 0.378 0.338 0.405 0.435 0.495
Eff. Damping (%) 13.4 11.4 11.8 17.0 142 121 15.9 12.6
GMRS Displacement (mm) 362 323 319 282 373 332 240 251
GMRS Strain (%) 145 129 127 113 124 166 96 101
90%-ile EDB Displacement (mm) 1388 1201 1188 1242 1526 1282 1071 982
90%-ile EDB Strain (%) 555 480 475 497 509 641 429 393
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