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Study on the characteristics of the nonlinear seismic response of the nuclear
containment structure under near-field seismic action

ZHANG Li', WANG Dongmei', XIAO Jun®, QIAN Hongtao’
(1. China Nuclear Power Engineering Co., Ltd., Beijing 100840, China; 2. Nuclear and Radiation Safety Center, Beijing 150080, China)

Abstract: Humanity’ s demand for nuclear energy has driven its development, yet the frequent occurrence of
nuclear accidents has emphasized the crucial importance of safety. Earthquakes, especially near-field earthquakes,
pose a substantial threat to the safety of large structures, such as nuclear power plants. Traditional seismic response
analyses of nuclear power plants often depend on the assumption of vertical incidence of input motions. However,
near-field earthquakes predominantly exhibit oblique incidence, resulting to more intricate and diverse effects. This
paper realizes the simulation of obliquely incident ground motions by using the three-dimensional visco-spring
artificial boundary method to build a comprehensive model of the nuclear containment structure and its surrounding
soil. Subsequently, two typical input motions—P-waves and SV-waves—are selected and input into the model at
varying angles of incidence to conduct an in-depth analysis of the seismic dynamic response of the nuclear
containment shell. Based on the research results, it can be observed that the dynamic response of the nuclear
containment shell under near-field earthquakes exhibits more complicated characteristics, which cannot be entirely
captured by assuming vertical incidence of input motions. This finding emphasizes the significant impact of near-

field seismic motion patterns on the dynamic response of nuclear power structures, providing quantitative insights
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and valuable references for the seismic design and optimization of similar projects.
Key words: nuclear power plant; nuclear containment structure; near-field earthquake; oblique incidence;

nonlinear seismic response
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Table 1  The first six natural frequencies and corresponding

periods of the nuclear containment structure

PR A R4/ He Ja/s

5 1B 4.92 0.203

H2m 4.92 0.203

o553 B 6.85 0.146

%4 Hr 6.86 0.146

1 ZREFTHRTHERE 55 % 318 0.122
Fig.1 Finite element numerical model of %6 8.21 0.122

nuclear containment structure
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Table 2 Material parameters of soil layer

HYIEi G/GPa R E/GPa BB p/ (kg/m*) Ay BPIGE €./ (m/s) JESFWGHE €/ (m/s)

7.2 18 2700 0.25 1632.9 2828.4
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TEHRAE R T B9 8h 2 many
3 4
T 2t o 3
e E
= O“MWWW = 0
B -lr = A
=2 =
S0 3 4 s 6 7 % 9 101 40T 2 3 456 7 8 0101
Il /s A IAl/s
(a) " E o) AGZ 2 0 in 8 B2 B 2 (PR (b)) ZK i A2 Sl B s AR (S V I
0.06 0.6
004} 04}
£ 002} % 02t
5 0 =0
*@ ~0.02| & 02t
T -0.04f = _o4l
006 o6 ..
0 1 2 3 45 6 7 8 9 1011 0 L 2 3 4 5 6 7 8 9 10 11
I fil/s B IAl /s
(e ) "1 T 4y AZ B0 73 B IR (P (d) KN mdi AGE sh ek B i R (S Vi)
0.03 02
0.02}
§ 0.01} : 0.1}
5,0 8 0
“ o1t 4l
~0.02} :
OO 5 6 7 % 9 101 T S A S 6 7 % o101l
Hsf [l /s AT /s
(e) BH a5 BN FEIRE (PHE) (f) Kk A sh g R a2 (SVIE )

B4 WASHHMEERRE, ZREMRESCBRE

Fig.4  Acceleration time history, velocity time history and displacement time history of input motions



154 o T B 5 T & #& 3 %455

3 REEFMERMSH

W% e bR B A5 B R 2 FORTR] ) bR 2h 28, B P RN SV Uk, A TR LS MR AL 3 Hb R
HY S ZE 00, PR RN bR S 28T ) T T #RIE T 0°  15°F1 30°3X 3 FIR[RIAA ST A BE . XCRE B3 B AL
A BT 457 M B AR 2 A5 2 Jyma i i BAR R B R e N J S Bt s S AR AL T HER 1 =
AR, Hod 00 ASHMUFE MR S AT BT, 15970 300K HZZ SN R AT, HSRAE T 72
31 BREZREFHHEME(P )

B HUEAE AL RS AE 3 MR A 5E W OGN B AR AR /N (TR S e il H AL R ) | 72 [R5 A 25T, K
U A A% 8 AW . KT (B A 7% Bl A G AR BE (ER 00 AUSRE 21 30° ASRT) A S i Sk 2 RG m, WLIEL S,
I 5(b) it —25 32 W 6 T 0GR {1 0 38 A S 7 185 RO A DI, T 7K S I (1 T8 D) Sl 2 348 R AR Il 2 E 30° A5
A, TOS 7K S 068 ok 3 3R B T S A B 1) 46 A% X VA PRSI P e R 0T R 4972 A SV Ik, 345 T
IR 1) IR BN

T (z) WSS (2) JETB (2) G (z) SR (2) JEHB (z)
E 0.04 - TS (x) BreEHAL (x) JEH (x) Z 040 0 WEETHES (x) BREHAL (x) JEHB (x)
2003 £ 032
jae X 0.
o I # 0. I I
0° 15° 300 = 4 0° 15° 30°
ki AN sh i A S B ki NGB s S A
(a) WEENFE(PI) (b)) WM (Pi)

5 PEAFHTHRREER 3ANHABGENIEECRSIEEREE

Fig.5 Peak displacement and peak velocity at three typical positions of the nuclear containment structure under P-wave incidence
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Fig.6 Peak displacement and peak velocity at three typical positions of the nuclear containment structure under SV-wave incidence
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Fig.7 Damage curves of the bottom point of the nuclear containment structure under different

PGA conditions (including incident directions of 0°, 15°, and 30°)
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Fig. 8 Damage distribution of structural damage of each moment when the incident direction is 0°
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Fig. 10 Damage distribution of structural damage at each moment when the incident direction is 30°
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