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Abstract

The purpose of this study is to investigate the effects of the application of various numerical models and frequency contents of earthquakes
on the performances of the reactor containment building (RCB) in a nuclear power plant (NPP) equipped with an advanced power reactor 1400
. Two kinds of numerical models are developed to perform time-history analyses: a lumped-mass stick model (LMSM) and a full
three-dimensional finite element model (3D FEM). The LMSM is constructed in SAP2000 using conventional beam elements with
concentrated masses, whereas the 3D FEM is built in ANSYS using solid elements. Two groups of ground motions considering low- and
high-frequency contents are applied in time-history analyses. The low-frequency motions are created by matching their response spectra with
the Nuclear Regulatory Commission 1.60 design spectrum, whereas the high-frequency motions are artificially generated with a
high-frequency range from 10Hz to 100Hz. Seismic responses are measured in terms of floor response spectra (FRS) at the various elevations
of the RCB. The numerical results show that the FRS of the structure under low-frequency motions for two numerical models are highly
matched. However, under high-frequency motions, the FRS obtained by the LMSM at a high natural frequency range are significantly different
from those of the 3D FEM, and the largest difference is found at the lower elevation of the RCB. By assuming that the 3D FEM approximates
responses of the structure accurately, it can be concluded that the LMSM produces a moderate discrepancy at the high-frequency range of the
FRS of the RCB.

Keywords : nuclear power plant, high-firequency ground motion, floor response spectra, lumped-mass stick model, 3D finite element
model
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Table 1 Structural properties of the RCB in LMSM

. Nodal Moment of | Shear | Torsional
Node Hglng)ht Mass ?Hr;;l inertia area inertia
(ton) (m*) (m?) (m*)

1 [16.76 | 87.07 |202.90 | 56299.85 | 101.45 | 112634.22
2 12027 | 166.52 | 202.90 | 56299.85 | 101.45 | 112634.22
3 | 2346 | 18542 |202.90 | 56299.85 | 101.45 | 112634.22
4 127.73 | 189.29 | 202.90 | 56299.85 | 101.45 | 112634.22
5 | 31.09 | 170.39 | 202.90 | 56299.85 | 101.45 | 112634.22
6 | 3459 | 234.68 | 202.90 | 56299.85 | 101.45 | 112634.22
7 | 40.53 | 314.15 [ 202.90 | 56299.85 | 101.45 | 112634.22
8 | 47.24 | 333.05 | 202.90 | 56299.85 | 101.45 | 112634.22
9 |53.94 | 318.02 | 202.90 | 56299.85 | 101.45 | 112634.22
10 | 60.65 | 310.43 | 202.90 | 56299.85 | 101.45 | 112634.22
11 | 66.44 | 376.80 | 202.90 | 56299.85 | 101.45 | 112634.22
12 | 70.56 | 279.92 | 179.76 | 4759120 | 89.89 | 95199.65
13 | 78.63 | 355.52 | 179.76 | 35861.70 | 89.89 | 71732.03
14 | 70.56 | 279.92 | 179.76 | 47591.20 | 89.89 | 95199.65
15 | 78.63 | 78.63 | 179.76 | 35861.70 | 89.89 | 71732.03
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Table 2 Natural frequencies (Hz) of 3D FEM and LMSM
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