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Seismic response of nuclear power structure on non-bedrock site
under oblique incident seismic waves
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Abstract: Since there are fewer and fewer high-quality bedrock sites to choose from, it is inevitable that new
nuclear power plants will be built on non-bedrock sites in the future. At this time, soil-structure interaction is a
factor that must be considered in the seismic fortification of nuclear power plants. In this paper, a three-dimensional
finite element model of the site-pile raft foundation-nuclear power plant is established for Hualong One nuclear
power plant planned to be built on a non-bedrock site in China. The direct stiffness method and the boundary
substructure method are used to achieve oblique incidence seismic waves input, and the difference in the seismic
response of the nuclear power structure when SV waves are incident at three different angles is studied. The effect of
soil-structure interaction (SSI) on the structural response is further analyzed. The results show that the non-bedrock
site of the nuclear power plant will significantly amplify the bedrock seismic waves, and the peak acceleration
amplification coefficient at the bottom of the containment can reach 3.6 when the seismic wave is vertically incident.

With the increase of the incidence angle of the seismic wave, the horizontal acceleration response decreases and the
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vertical acceleration response increases, and the horizontal and vertical acceleration response spectra shift towards
the long-period direction and the short period direction, respectively. SSI can significantly affect the seismic
response of nuclear power structures in non-bedrock sites.

Key words: nuclear power structure ; non-bedrock site; incident angle; seismic response; direct stiffness method ;

soil-structure interaction ( SSI)
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Fig.1 Finite element model of Hualong One nuclear power structure
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Table 2 Soil dynamic parameters
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Fig.3 Model of soil-structure interaction and schematic diagram of viscoelastic boundary
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Fig.4 Schematic diagram of the process of seismic waves input method

iR i AT IR AR BR AT

M1 ST R TR L A ABAQUS FP R R FE BT Y 7 v A 37 i A 75 E’Jmiﬁimé#ﬁﬁ%xﬁc,/\
1 BRI RS B DU ) 5 S0 2 SR BT B FLAMI 1 5555 - BELJE 5 R 0T, DAAS B3 R 25 A AR, Gl RS
Python f065 b &4 tH ¥ Bt TS5 FO R R BT A BT 0T i g 5 B AR R

IR 2 EAEWIEE DR F e Ry o DASCRRT 22 ] o BRIS 4 A5 31 (10 — 2 2R 37 b 1A 8 77 I8 4 B
REERE, S T TR AT R = 4R E AR A B 3 R Y Fortran B2, 38 xd $RIL R A MR I s
FE NGB AR LT S5 AR S i A S BT e i A B A AT AL Y b e N, R
IR 1 A AT SSRGS AR BR A S ORI A AR Y PR b = e RS B R
MR

IR 3 IR F AR B S 3B g S AR A IR 2 S B R S RS AR b X N i i 3 i A
TFEE AR T AT 5 A LR T B SR SR B AL AT i = I T R

IR A SO R AT A . ARYE I S R SRR RS S i 37 MR DR 100 S Y R T



5 6 11 XA, 45 RS HBRR A F T AR 3 3 A%, F 235 g 3 7 107

BV iy A HBRR D B S5 AR R AT 2 p o PRI R R T S T TG o 38 S5 AR A B AR AR A L AT
BT REAS D3t 2 IRk AR IS A% P A ) S R

FIER YR AT AA B A R 2 TC R LA AR I AR AL I R B Bl R R
A ELHN B3R 5 v 2 U BRI A7/ HR R 0 TR AT, LA B EA TR, STt RS 3
M7 B AZ IR e FEAT Bk 2D B 3 AL HR 4 TAEMS AR = P Re T, K 5 e A Y A i i 7
AR FNANZ T 5 S RER 3 B 3B 28 o B B DRAEE S 70 A7 28 P B I R SO R/ INAS 2 I A7 32
WO BR A o BEJE eSS 1 A B R R E B R S D REXS Ja Sk B A B A T A, LS
BB L= I B S ROt R A B A R DLIAT 5

PR3 e gl ul 2 u Sk
e A ey Al
g )‘M‘ \J " ,‘, %M/ \J \'\ V “M‘ \]\\\
el / H‘r " ! ooo | w o t
i S0F Wl

5 ERIISHTRETER

Fig.5 Schematic diagram of restart analysis process
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Fig.7 Schematic diagram of the incident SV wave angle
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Free field response at the corresponding position at the bottom of the raft foundation when the El Centro wave is input
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Fig. 12 Free field response at the corresponding position at the bottom of the raft foundation when the artificial wave is input
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Fig. 13 Amplification coefficient of peak acceleration of containment when El Centro wave is input
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Fig. 14 Amplification coefficient of peak acceleration of containment when the artificial wave is input
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Fig. 15 Proportional coefficient of peak acceleration of containment
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Fig. 17  Structural acceleration response spectrum when El Centro wave is input
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