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Fig.1 The lumped 10-parameter model.
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F1 EPREFRETSLER. RERENRE
Table 1 Nodal coordinates, mass and moment of inertia.

TS ARFRAE it #5145 Moment of inertia /10° kg-m
Node number Coordinate Z /m Mass /10% kg Jux =y Iy
1 —10.00 8425 843 1643
2 —4.50 13420 1260 1931
3 —0.585 2288 424 824
4 9.875 3033 568 1087
5 20.00 2960 554 1063
6 30.00 2960 554 1063
7 39.15 3068 562 1081
8 50.02 6271 910 1727
9 4.00 5710 370 0

10 10.32 5970 394 0

11 19.15 6750 500 0

12 29.00 1270 110 0

F2 REBEITHMESE
Table 2 Property parameters of beam elements.

e Bk {51 PEAE Inertia moment /m*  BY1J) &% Shear coefficient 85171 # Shear area /m?
2

Beam number Cross area /m Iys=lyy a=ay Sax=Say

@ 1204 115436 1.11 1084.7

@) 176 30570 2.00 88.0

@-@ 107 19241 2.00 53.5

50 5720 2.632 19.0

© 110 8160 1.571 70.0

140 8160 2.00 70.0

an 60 325 2.00 30.0

8 5002 m
F3 IRETMRIMRESH
@ i Table 3 Parameters of material property of concrete.
Y
b1 DWIERR mR mRmE | MR
® Dynamic elastic ~ Possion Mass density ~ Damping
&Y e 12@ 2900m module /N-m2 lkg-m
© D 4x10% 0.2 2500 %
5 20.00 m 1 19.15m
® 22 HEHEA
10 1032 m
(5"”5 ® AL RGL.60 HURE N FEM A AHIE S, KF
9 00 m ’ r N ~. —
1@ -0585m e L1 RE 1) 1 T3 ) N PR Dk B2 IS A n 1] 3 s,
07 . RO ! Y SRR A 28's, WA 0.01 s, 7KF-[n) i3z 2
IIQm‘oum {E NI 0.932 m/s®, B ECY 0.54 m/s®,

B2 JNHES G (RX)HE H i A A
Fig.2 The lumped mass model of RX.
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Fig.3 Time-history curve of acceleration of ground motion.
(a) in the horizontal direction X; (b) in the horizontal direction Y; (c) in the vertical direction Z
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Fig.4 The calculation model of half-space layer field for the
direct method.

(b)
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Fig.5 The calculation model for the sub-structrue method. (a) the calculation model ANSYS; (b) the calculation model of SASSI
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Fig.6 Comparison of FRS in the horizontal direction. (a) node 8; (b) node 12
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Fig.7 Comparison of FRS in the vertical direction. (a) node 8; (b) node 12
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Table 4 Comparison of peak acceleration and the corresponding frequency of FRS.
TR Sax-max (@)/f (Hz) Saz-max (9)/f (H2)
Calculation models 85 12 5 8 i 12 fi
ASCE4-98 1.82/3.8 1.05/5.50 0.32/10.5 0.27/9.0
10 PARA 1.87/3.8 1.07/5.50 0.36/10.0 0.31/9.0
VE_sub 1.79/3.8 1.09/5.50 0.31/10.5 0.25/9.0
RCC-G 1.66/3.8 1.01/5.50 0.34/9.5 0.30/9.0
VE_lumped 1.77/4.2 1.20/5.25 0.25/9.0 0.20/9.0
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Fig.8 Comparison of FRS in the horizontal direction. (a) node 8; (b) node 12
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Fig.9 Comparison of FRS in the vertical direction. (a) node 8; (b) node 12
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Table 5 Comparison of peak acceleration and the corresponding frequency of FRS.
R Kbl Sax-max (9)/f (H2) Saz-max (9)/f (H2)
Calculation models 8 1 12 5 8 /i 12 /4
VE_layer_sub 1.90/4.2 1.13/5.53 0.40/10.5 0.31/9.5
Masless_layer 2.29/4.2 1.49/5.25 0.86/11.5 0.55/11.5
SASSI_layer 2.11/3.8 1.07/5.53 0.46/9.5 0.39/9.5
VE_layer_lumped 2.13/3.8 1.13/5.25 0.44/9.5 0.37/9.5

040610-6



RF5 285 518 SSI RUN AL F k| D3 e S22 SN i 5t Ee 43

S R A, B Ak, EIEANTE]
T R AR L, e G TR
AR IR TS S W P ANV AE AP i) 3 72 185 L 17 32)
Ko PG SR 2% le LS A I, 2 T ik
B e AR JC PRI L P I RETHORNY, B DU 2 15 B
1o AEAC i, 3K URPAS IR LUKz SASSI 2
PPl SR SN AR 2, TR A SR LT
SRR RS B T 545 R AL SASSI R LU
it S RS T T SR B S I i /)5
FEREELIA, RIS LA T Byl v SR S 3%
W5 T AR LR SASSE FRF UHELE TEAH
2, FURAEARIABIE A/ o

4 EE5iE

(1) AN - 45 Kk H AR FH (SSI) 5540 7 7
R H T 2 R 3 Bh R g A T
TR H, RSB NG H T
M, RhsE N T A s R AT TR 2R
W m i,

(2) 1EX IS A RN HE 5t AT T8
RSV T g R, SRR St
R F SRR 2 EAKF ), FE RGPl S
I AR B ek o S B 4 A S B S R 1
GERNFAT FATAEAN B T 2= g W, EREH
), EEALTH S TR LA S5 VT S ) T
ZEREIN

(B) TE/ ZI S A T XS I N HE T AT T 4%
2R NS iR, TO R M S A
T VT 550 N W AE ANV AE 7K P ) i A2 2 1 1) 34 i
Ko LEKTI, BAARUL, X JURAS A Hh AR DL
S SASSI R THSI SO S A0 11 AR I,
Rl S M AR B BT S s T BT 45 4
1LV K SASSI FR T UHEE TEAR Y, R AR B i
P/l

(4) ASCRHAFME R 5 )2 B iz gy
PLEANA v S 7 VAT R 2 I N 43 AT, ARG
UE T AN A I By BOE BT DL v 5507 9 A 3%
P, XTVMCZ ) HIEEN R 2RSS
2 o W TH) sk, R SHH LRI R
Wi TRERGE, LU A0ty 5, (EASHERAE
s ST 25 E AN T M # 48 F SASSI #
MEAR A BRGNS 3 s R A T

2% 3k

1 P NRILFIE(GB 50267-97). M) HEW T
[S]. dbxt: PRIt AR A, 1998

10

040610-7

The People’s Republic of China (GB 50267-97). Seismic
Design Code of Nuclear Power Plants[S]. Beijing: China
Planning Press, 1998

ASCE STANDARD 4-98, Seismic Analysis of Safety-
Related Nuclear Structures and Commentary[S]. Society
of Civil Engineers, 1998

RCC-G. Adaptation for the Model M310 (1000 M We-
PWE) of the RCC-G 900 MWe-PWE-Edition[S]. 1986
Deeks A J, Randolph M F. Axisymmetric time-domain
transmitting  boundaries[J]. Journal
Mechanics, 1994, 120(1): 25-42
XA, BEAR. Sikg-H S ) A EAR I 1n) 85 A 1
— BB EN]. AR TTREAE], 1998, 31(3): 55-64
LIU Jingbo, LU Yandong. A direct method for analysis of
China  Civil

of Engineering

dynamic  soil-structure interaction[J].
Engineering Journal, 1998, 31(3): 55-64
FEEE . T SBFEM fRII- P /K- hE =) g AH H A )
SHTIM]. K KIER TR, 2007

DU Jianguo. The dynamic interaction analysis of
dam-reservior-foundation based on SBFEM[M]. Dalian:
Dalian University of Technology, 2007

Xdik, EIRFE, BT, . sl inl B i = YE i 5
s N TIL 3] TR 127, 2005, 22(6): 46-51
LIU Jingbo, WANG Zhenyu, DU Xiuli. Three-
dimensional viso-elastic artificial boundaries in time
domain for wave motion problems[J].
Mechanias, 2005, 22(6): 46-51

Wen-yu Jean, Tsung-wu Lin, Joseph Penzien. System

Engineering

parameters of soil foundations for time domain dynamic
analysis[J].
Dynamics, 1990, 19(4): 541-553

KTz, B, MG, 55 JET UM N A% i)
B B PUEE SR AR SRR I 0] IR 5 LR 24
2009, 26(3): 65-70

ZHU Xiuyun, LI Jianbo, LIN Gao, et al. Numerical
solution to the soil dynamic impedance for the nuclear

Earthquake Engineering and Structural

power plant based on harmonic response analysis[J].
Journal of Architecture and Civil Engineering, 20009,
26(3): 65-70

Xhipe, FESOUK, FEIRKSE. G N T30 5 & Rz sh e
ANAETEHIA BT AP R SE L] B Aok TR 24
2007, 4(27): 37-42

LIU Jingbo, DU Yixin, YAN Qiushi. Application of viso-
elastic artificial boundaries and seismic input in general
finite element software[J]. Journal of Disaster Prevention
and Mitigation Engineering, 2007, 4(27): 37-42



¥ K 2013, 36(4): 040610

11 28R, 208, ThEEEE. R A AR R R Sensitivity analysis for floor response spectra of nuclear
TR RBUR T[], %3) 1 TR, 2005, 26(1): 44-50 reactor buildings[J]. Nuclear Power Engieering, 2005,
LI Zhongxian, LI Zhongcheng, SHEN Wangxia. 26(1): 44-50

FRS comparative analysis of the nuclear power plant considering SSI effect

ZHU Xiuyun® PAN Rong™? LI Jianbo®
1(Nuclear and Radiation Safety Center, Ministry of Environmental Protection, Beijing 100082, China)
2(Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China)

3(Laboratory of Earthquake, State Key Lab. of Coast. and Offs. Eng., Dalian University of Technology, Dalian 116024, China)

Abstract Background: In the framework of lumped-parameter numerical models, the traditional soil dynamic
impedance models, recommended by the main international seismic design codes of the nuclear power plant, are only
expressed by a single parallel connection system of spring and damper. Purpose: In order to combine the recent
development of soil-structure interaction analysis. Methods: Comparative study of both the direct method and
substructure method history analysis is carried out based on the lumped parameter models recommended by seismic
design codes of ASCE4-98, RCCG which are both applicable to the homogeneous site and also massless foundation
model and viscous-spring artificial boundary model of especially fit for the numerical simulation of non-
homogeneous site. Results: Finally, by taking the analysis of FRS for a certain CPR1000 reactor plant as an example,
comparison analyses of homogeneous and inhomogeneous layer site conditions for various soil dynamic numerical
models above-mentioned are carried out. In addition, the calculated results are compared to that of SASSI program. It
can be concluded that the calculation results are similar based on different methods. Conclusions: This paper
validates the applicability of different soil dynamic numerical models mentioned above and will provide some
reference and guidance significance in the aspect of evaluation the seismic suitable for the site of nuclear power plant.
Key words Floor response spectra (FRS), Soil-structure interaction (SSI), Viscous-spring artificial boundary model,
Lumped parameter models, SASSI program
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