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Analysis of seismic response of passive tank of a new genration nuclear power plant

JIANG Bingrui, JIN Bo,GAO Yongwu, LIU Guoqiang

(Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics,CEA, Harbin 150080, China )

Abstract; With the rapid development of nuclear power industry in modern times, more and more attention is paid
to the safety of nuclear power. In 2011, Japan Fukushima serious nuclear accident brought a deep influence on the
world§ nuclear power development, especially for China, so it is of great significance to study the safety of nuclear
power under earthquake. Then the third generation nuclear power plant, applying passive safety system to prevent
and mitigate the serious accidents, is getting many countries’ attention. In this paper, firstly the PCS ( Passive
Containment Cooling System) gravity drainage water tank of a nuclear power plant ( AP1000) is introduced. Then
the energy dissipation effect and the responses of different kinds of earthquake inputs to a tank are generally ana-
lyzed and compared, which includes different wave frequency, single and bidirectional input directions and so on.
In the analysis process, an ABAQUS model is used to simulate the fluid structure interaction between water and
tank wall by using the Coupled Euler Lagrange analysis technique ( CEL) and the simplified added mass method.
Meanwhile, the effect of tanks with different volume of water storage on the containment building is also studied,
and it shows that the sloshing of the water in the tank does not play a shocking absorbing effect on the building,
while the ground motion response of the building increases along with the volume of the water. Finally, some sug-

gestions and discussions are presented.
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Fig.1 Passive containment cooling system
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Fig.2 Containment building
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Table 1 ~ Concrete parameters
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Table 3 First ten order modes of the containment building
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Fig. 6  Additional mass model’ s stress nephogram and the CEL model’ s stress nephogram of the containment building

at a certain moment with 1/4 volume of water tank
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Fig.7 Displacement time history curve of water tank vertex with 1/4 volume of water tank
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Fig.8 Additional mass model’ s stress nephogram and the CEL model’ s stress nephogram of the containment building

at a certain moment with 2/4 volume of water tank
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Fig.9 Displacement time history curve of water tank vertex with 2/4 volume of water tank
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Fig. 10  Additional mass model’ s stress nephogram and the CEL model’ s stress nephogram of the containment building

at a certain moment with 3/4 volume of water tank
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Fig. 11  Displacement time history curve of water tank vertex with 3/4 volume of water tank
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Table 4 Maximum stress and maximum peak displacement under different seismic wave input conditions
H 2 FrK i iENIE VA e KRR FI RN/ MPa TR R A A%/ m
1/4 I EEN 12.63 0.049
El-centro Ji 2/4 e 14.17 0.061
3/4 IZE 17.54 0.076
1/4 J B 11.30 0.038
J Ll 51BXD #1715 2/4 ] R 13.85 0.042
3/4 J BT 14.70 0.047
1/4 I 6.936 0.068
SO 001 BAH #1575 3% 2/4 KA 9.696 0.071
3/4 IZE 13.66 0.079

NIRRT 22 [ ML RE BN 9 BN e WE IS, A At — PRS2 ] o BN 2l = 1) s e s g A 5 AR
Y D pU e DO E A T M, VR A, LUE AT S DU B LS 2K EAT 2 4 M R I R 1) 0]
VUG 15 16 1l 72 3l 0 3 7% 8l MO RCR B R /N4

6 HiEKRREE

6.1 %

(1)1 ABAQUS SR K EIHE AT, Sz S b Jr ik A 1) b 75 i by 2 22 51 1Y), CEL Vi [ A F A 3
A b 7 e 1 R 5 L PR CEL Y [ 75 A5 2 B A ASS4DL/K 1) Jk v R el 79 7 TG AV, T4k T 1 B it
T AT K Y kb

(2) &5 ¥4 b 7= s 17 14 /N K R P i 7K 2 B4 360 T 38, KA K SRR St e 45 ) s B AR 45 4
T B RO, ST A TR M A2 Bl S 0 a3, PR I AE HEA T4 &2 5 ) s 5 R U T R b 20044 7K 1) 5% 1 25 B 7
M

(3) KM= Bl + R bR Shii AR ) D M= 3h SO, L S K M R s A AR
6.2 RE

FENH ABAQUS 1 CEL FEARBIL TR R ARG 00 & 45c) b MR sl s iy, 159t 17— 24y 20 2%
W, AT A A — S v T B — 2 S8 B A 9T, A4

(1) RF T AR B B 32 , A 2 K A XA R i, SRR A B Ry T 5 2% 18 T X /E TG CEL AR
VERHE , ANt N —28 ] UL [ st 2% 8K bk b/ R R A FE 4058 150 97 P B Ao o 12 R A T S 41 SR 1, O

BT A
(2) FUSCT fRi SRRy B ) XL M FZ shi A, R — 5 T D2 ial = 1) M 52 S A RIS [RD A3 | o o B8 04 Y
NS LTINS

(3) K B i 5 24 B 5k ) LL T 5 18 S ) 5 2 30— 20 53
(4) TEAERE SR AR J5 T, PTFEAT /KA & A BEVTAG 5 T O WF T 5
(5) AR HCAORLRE , T 2 A0S 40 L A Ao B S 5

Sk

(1] EmH. AP1000 dEREsh% 2BlE M T 2B AHA ], AP EGBE AR &, 2012, (13) : 30.
WANG Lixin. Passive safety theory of AP1000 and the brief description of its process flow[ J]. China New Technology and New Products, 2010,
(13): 30.

(2] BBAR. REGERERHUR A ST R FE B[ D], Jbat. Ak, 2010, 4 -5.
CHENG Xudong. Earthquake-resistance reliability analysis and seismic disaster prediction of large scale storage tank[ D]. Beijing: China Univer-
sity of Petroleum, 2010,4 -5.

[3] PR, WA, T8, %5 % 1B R (0 A S MR R R L)) TRBUAZ 2001 ,9.(3) 1328 - 335,



554 3] L2 H , 5 5 IR KRR R B i e ) B R OV ST 159

GAO Xiaoan, LU Daogang, ZHU Yuqiao, et al. Earthquake response calculation of liquid storage tank considering the fluid-structure coupling re-
action[ J ], 2010, Earthquake Resistant Engineering, 9(3) ; 328 —335.

TSRS, RS AR RAN. VRIS G AR [ T]. Jr 2R ,1997,27(1) 19 - 38.

XING Jingtang, ZHOU Sheng, CUI Erjie. Overview of fluid solid coupling mechanics[ J]. Advances in Mechanics, 1997, 27(1) : 19 - 38.
FEH LT E . R AR ES AR AR R ALE A BROTHBUT L [T]. K1 2052 5 kR, 2000, (2) 1149 - 154.

JIANG Li, SHEN Mengyu. ALE finite volume computations of fluid-structure interaction problems[ J]. Journal of Hydrodynamics, 2000, (2):
149 —154.

A, ERAET, D2eH FERA KA AR SE S AR BRGS0 =BT SR LT ). Jr2#ik . 2012,42(4) 1472 - 478.

LI Qing, WANG Tianshu, MA Xingrui. Study and application of the liquid sloshing of liquid filled space craft and fluid solid coupling dynamics
[J]. Advances in Mechanics, 2012, 42(4) ; 472 —478.

HOUSNER G W. Dynamic Pressure on accelerated fluid containers[ J]. Bulletin of the Seismological Society of American, 1957 ,47(1) : 15 -35.
ARG . AT AERESI & e BV R GO AR IR SR BT [ T]. B U7 RRIRAEBE, 2015, 2(4) :102 - 106.

LI Xiaomeng, HE Zheng. Dynamic characteristic analysis of the passive containment cooling system water tank of nuclear power plant[ J]. South-
ern Energy Construction. 2015, 2(4) ; 102 - 106.

FhAR. PN J) LNG SEEAE s £ N AU A S AR D] R . YRR Tk R2%,2010, 4 -6.

DU Xianhe. Numerical simulation of fluid-structure interaction of LNG pre-stressed storage tank under seismic influence[ D]. Shenyang: Shenyang

University of Technology, 2010, 4 - 6.



