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Test study on floor response spectra of the isolation system for
high-temperature gas-cooled reactor buildings
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Abstract: The reactor building is a vital part of the nuclear island. Its floor response spectrum is essential for the
design of internal equipment, such as the reactor pressure vessel and steam generator. To study the variation of the
floor response spectrum of seismic isolation structures under different seismic inputs, a shaking table test was
conducted on a nuclear reactor building model with a geometric similarity ratio of 1:20. Three sets of seismic
motions were generated based on NRC Reg. Guide 1.6. These included unidirectional ( X-direction) , bidirectional
(X+Y directions) , and triaxial (X+Y+Z directions) motions. Accelerometers were used to measure the floor
responses under each condition, allowing for the analysis of response spectra for key floors. The results indicate that
seismic isolation structures have two main peak points in the floor response spectrum, located near the first and
second natural frequencies. The first frequency exhibits a lag, while the second frequency has a lead. There is a
coupling effect between seismic motions in different directions. Near the first frequency, this coupling reduces the
peak response of the upper structure’ s floor spectrum. In contrast, near the second frequency, the interaction
between vertical and horizontal seismic motions sharply amplifies the response, and this effect increases with height.
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Table 1  Similarity analysis
KHESH T RIA LEIER KRS S FA LI PE A
KB RS RT L 1720 MR v,=/E/p, 0.33
SR E, 0.4 JinR a,=E./(1.p,) 2.22
N my, +m, tm,,
SFRUEIE p= 3.6 IS w,=E/p,/l 6.67
L (my+m,, )
il o=k, 0.4 il F.=E[? 0.001
LN N t,=1,/p,/E, 0.15 W B K.=E,l, 0.02
6317 r=l, 1/20 iy bid) s g 1
x2 BRREIESH
Table 2 Parameters of rubber isolation bearings
ZH HA B 32 LRB200 S8 B8 B 32 B LRB200
FRE AR/ mm 200 250% i M J5 MIBE/ (kN/m) 278.44
B [ RIEE/ (KN/mm ) 440 100% 5 3OKFMIEE/ (KN/m) 475
Jef Hi A7 48/ kN 4.0 250% 25 BOKFRIEE/ (kN/m) 345
100% Jeti A J& W EE/ (kN/m) 310
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Fig.2 Layout of measuring points
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Fig.3 Seismic wave time history curves and corresponding response spectrum curves
ReUAE 3 AR A TS B EAR AR T 3,
x£3 REIREMBEAR

Table 3 Test conditions and loading schemes

s T4 TR B J7 1) P TH4 IR B 5 U718
1 P 1 0.05 g 14 2X1 1.32 gH1
2 X1 0.66 gH1 15 2X2 1.32 gH2
3 X2 0.66 gH2 19 B 5 0.05 g
7 MR 2 0.05 g 20 2(X1+Y2) 1.32 gH1+1.32 gH2
8 X1+Y2 0.66 gH1+0.66 gH2 21 2(X2+Y1) 1.32 gH2+1.32 gH1
9 X2+Y1 0.66 gH2+0.66 gH1 22 IS 6 0.05 g
10 I 3 0.05 g 23 2SSE1 1.32 gH1+1.32 gH2+0.88 gV
11 SSE1 0.66 gH1+0.66 gH2+0.44 gV 24 28SE2 1.32 gH2+1.32 gH1+0.88 gV
12 SSE2 0.66 gH2+0.66 gH1+0.44 gV 25 L 0.05 g
13 IR 4 0.05 g
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Table 4 Ist-order and 2nd-order frequencies in X-direction of the model Hz
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1 B iR 2 FaiR 1 B 2 i
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Fig.4 Curves of the lst-order frequency variation
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Fig.5 Floor response spectrum under one-dimensional ground motion input



26 o T B 5 T B #& 3 545 45

4.0 4.0
a5l VAN 35 — UZXT0
R Y3 g L — 42X
3.0t —SEXW 3.0t 78}§X|ﬂ
ﬁ 25} 0 2.5f
= = [
w 2.0y =) 2.0
==
B 15} = 151
1.0} 1.0} g\&/
05! Mé%»g 0.5} AN
0 2.19] 2.82 ]2,}%7 18.18 0 IZ.IL) .82 IZ.§|§7 18.18
0.1 1 10 100 0.1 1 10 100
PR /Hz B
(a) TAHX1+Y2 (b) LHX2+Y1
40 4.0
a5l — 12X 35 — UZXT
R V=5 g T —4Ex
30 —8RX 301 gFEx
Lo 20550
B 25 B 2
& 20t & 20t
E =L
= 15} = 15t
1.0} M 1O} % N |
1
05l ﬂ\‘:\og 05t N
H ]2 2 283 12 3
0 . 2| 2.82 12.?‘%7 18.18 0 L2 2.82 l_‘§.§7 18.17
0.1 1 10 100 0.1 1 10 100
P35 [Hz B /Hz,
(¢) TH2(X1+Y2) (d) LHEX2+Y1)

B 6 Z#iENMNEERMIE

Fig.6  Floor response spectrum under two-dimensional ground motion input
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Fig.7 Comparison of peak values of floor response spectra under one-dimensional and two-dimensional ground motion input
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Fig.8 Floor response spectrum under three-dimensional ground motion input
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Table 5 PFA of each floor at the isolation frequency under different dimensional ground motion inputs

Bz P2

TH = 42 82 TH 12 42 82
PFA/g PFA/g PFA/g PFA/g PFA/g PFA/g
X1 1.82960 1.89903 2.07531 2X1 2.31397 2.41502 2.54138
X1+Y2 1.43226 1.44192 1.57275 2X1+2Y2 1.70328 1.72043 1.79252
SSE1(X1+Y2+Z) 1.34838 1.41478 1.376 31 2SSE1(2X1+2Y2+27) 1.55214 1.52776 1.57088
X2 1.66296 1.73221 1.82424 2X2 2.05443 2.11229 2.24927
X2+Y1 1.604 88 1.63293 1.73756 2X2+2Y1 1.93848 1.95432 2.02941
SSE2(X2+Y1+Z) 1.628 84 1.65957 1.68732 2SSE2(2X2+2Y1+27) 2.03394 2.10738 2.12772
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