536 B4 6 ]
2023 4£ 12 1

k o T

Journal of Vibration Engineering

¥ 4R Vol. 36 No. 6

Dec. 2023

B T B B = 4 S TR 2R 5 B T W R A 5

X', ®ZE", F

T BB A, MIYAMA TAKAFUMI

(1. BRI 5 TRBEER R TR AR, B 200444 ; 2. 75 510 R 2FBAC A 36 2456, 45 B 631-8585)

TEE: O ST R T R G R A B B I R 2 B NSRS 1 TR B Sl B B A B R RO Y E i R —
H 7K S B8 g 500 D e AT 50 B e 2R 9 el R AR S R 70 R B 2 2 ) 2R IR A T v IR B R R
T ORI B 28 W B 0 R AR SR SR A R T R AR AR (T TR TR A 0 = R AR e e M R
3 SRS AR AR S e | A R 2 D R v AR B PR AR G AT e T A , 45 2R R A S AT B Y K
ARV R I E S0 1) 38 2 e S B 0 WO A P s 10K 3l R 7% AR 0 1 sl 4 I B [ oy R A W, R AT B/ Bl Y
FRAE o BRS04 45 2 ) XT Le 32 W1 BT Ji2 11 19 s MR 3l e 2R e BRI BE A Uy IO W2 B R ey s .
— B XL L) i A Bl 2 B 4 R AT R 43T, 4 R W I A R LE R R B0 O 102.02 mum, AR i £
P AL HL T L B 45 e R0 P A 5 ) = s R A AR T, 12 R o 5 ) B AT R A R TR AR R R G B 4004 L L

P TR HE = AR R R A

KRR MU RN 5 R AR S s GAONIBE s mER S = 4R R G T

RESZES: TU352.12 XERARERD: A
DOI:10.16385/].cnki.issn.1004-4523.2023.06.001

5l

T

) B A2 R T H A 2 76 U7 B8 A% W sl AL 2 D
SERE T Dy LR A A e PN R T A TC A it 1) b o
BT AR AR R, A7 A% 1 SRR AR T % &
SRR VN A o B A R 4 R R N S A it Y
Mo AE A b 72 5 A BB = K &R B TH AEAE PR RS 2
T A SR B A L) A 28 % 0 Hb R SR 1 F 1Y % &
PE S AL R S A B R 2 A M R A
T WA RS AR R, 2 X A% L T 45 09 3 U IR, B
KW JE Rt E, B ERSERT MRS
iy 752 0 AR 1) () s o2 AU o 7R 2 L B S AR B

1% G5 B 7 2 B AR KT ) LA R R R ROR
FTCIEXT R R AR B RREEH , R E RS K
8 [ia) M R S o R 8 O U T 3k 6 3 B 1% ) M R B
R 5 0 % S 3 RS . SRR R R S AR T
1o R %k 1 R B = W 9 OF )& . Kitamura 287X —
AN PR R R HEHEAT T 2 4 B AR R, B HE N B
FRPE B R T R R S R R 56 PR
RO . Micheli 25 3 PEAG T ML 78 b 7% 3 il % 2%
FHILRE B R RS @AY A R Z 2w BT T RO HE
42 e Fe KR i) fR AR HE R . TSI T —

Y #s B 8 2021-12-09; 1&1T B #3: 2022-03-17

XEHS: 1004-4523(2023)06-1469-11

PR =4 SE Al PR AR Bk T = HERR R R 4L
TE K- J7 1) 2 55 1% GE i 22 G A TR 1 el 7 1 g
AR S BT LT PN B A B Y e B R
Lee B2 17— s 1n) B 72 4% 38 4 H0E B
KR 8l 5 1 56 0F 8 3 W] 2 2 B RE AT 00 I A1 155 1) 2
By XSCOGEE T HEAT TR T R A5 R AE L) XL
T Rl = 1) 52 i AT B4R 30 3 158 AU BE 20 B, 45
RFRW] B BOR BB R AL T AR A A )
FRE I N7, 6 B ) AR g AR, R A A A R AR
Tl R AR

IR TR A = 4 B R LA R 2R e T R Y
e ] I 88 SR Tk ) 3% i B R RO, o 2 AR 1] W
1 b 7 2 B LR Z BRI S, & R ECE R
0 B R AR O, BT LA A B R IR RE e A T
PR YR o — s T O MR AR A O K Y R
s R L LB =4efaiR . =i lsh R AL EAE
L AR AT e Y W R 52 T N R A
[7i) s LA A 0y 20 23 M 8 T 3k 8] 1R o e R <

Huang % B} 58 T iy BRHLZE T8 B 14 672 W92 T 1F
A% S8 2V B H1R 25 4 B 7 A1 3l O I 2k 1 i
TS S RETE . Wang 55 R YT — i IR 2R 04 1 K
FERR R AL I X B HEAT 1T 2 X0, U] T
B RS R . Yao SR I T AR ALK

HE2TH: BEARBIFILEEBIIH (52078287) ;7 W4 5 A 0F 4 112 CRERE AB19259011) ; 13 52 v 42 A1 51 K 8% B

I H (RD2020-98) ,



1470 & 3 T

S 5 36 &

TR T 9 L B v R 3 B BE B IR A I D s
% 3l B 9 5 7T LA S B L 2 M B Uk A% B 4 Y B R
PERE o

Eﬁﬂﬂﬁ#ﬂ%é@zéﬁﬁ%%éﬁEéé%ﬁf”‘?iﬁ
FE A0 Z T AU S AL 2= TR AU, BEA A e A1 30
—HERERGAAE LA TR iﬂiiﬂ’]ﬁﬁjﬁﬁﬂf”ﬁﬁLéL?
A B B, WAR A T A% L ) = 4R B E )

BET bR ME R A SCEF XA T A A B T —
Foft = 2 B 7 AR 0T, 3 o o R AR S R B M R
B I I AT S B i A1 Bl B0 e e R AR R L T O EEE
W5 i 0 U FBCE R AR O T A% T i R Bl
= YRR RSB R RO o

1 ZE] SRR ZERERS

AR SCHIT R 0 A H ) 2 A S iR ) TR K R A%
HUHLAL , SR HE T 5 45 4 32 2l = RRR 2 4 - 4R
B LAl | 2 4 5 R 25 A0 B RS M it o G R AR
St S T B S TR BE R AR R LAY 5.8 m. A
7 R B AL TR o PR 45 4, TUE O 2 Bk 5 T, i 5 36 23
5 AR AR I o 22 A 5E il PR 2 AL, SN R O IR 24
L om (Y 8007 7 B9 A5 1R € 454, AT 8 mm JE Y
WHZ o A ST R R N RN B R A T
VRN I A A KT S ER A P R T AN A
TR A 2 A oe N R AR S AR A TR B AR 1O
B ) RS R R R R RE AL
TR AL S T, R R S AR R 2 Y
SIAE . AT E Rl = 4 bR R AR Gl K P B

R RLTT | I B R R 2R G AN e B AT AL . K
- b 72 BRI A% G0 B R AR S S A R B, A6 T v AR
HERG L LK RRRE . i bR E R
S b AR AL OE I EE A ARk AR M S AR R AR AR 9 I Y
I JEE 25 I R k1% i) B AT B i 2R B 1) K
LR AR T HUAE B i) KR iz Bl AR KT 5 R
18 S AR, T O P A Hr St . R R
3l B 72 AR G0 v W R S R AR S 1 I
VETC , f = 2 B 7= 5% 0 70 8 ) V- 47 o7 5 b S %
W EE , 3 1T 3k 1) s I Bl i s 2R

2 BRHINFEE

2.1 EEHR

U e B e N S IS T N S A B R 7o
BRI PR A IR FUK S BR AR . BRECS
2 J3AT TR AR [ 5 , A2 T xRt ek 2 ] o %5
) 2 2 5% 2 Mt TR 22 , BEBR b b B0 1 Al 47
A — R BB PR, SR ] - A 7 L A 2
TG/ TR S T DX A it ek AR
$2 , JKF BRA AT 20 i BERR A0 A b A9 AL, fie e i i
R [ TR R AR B, DUORIEHE SR i K- (2 88 o 3
B 2 A K BRAE P b, 38 a8 4 0 4 o7 e R
PG A B o AR AT AR T, BRECTE AR AT Y
W N s s, JF S PR R R Ak . SRR
1 o R TR AR AR I, S M e B A AN (] e 62 A R
BRBCH 52 J1 M0 B e A AR A, 7 A T AT AR IR A
Rtk

m%‘}ﬂhﬂ

LRRAR

FYEMR S

1 T mE ks =4k R 5

Fig.1 High-static-low-dynamic three-dimensional isolation system for nuclear power plant
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Fig.2 Deformation diagram and constitutive model of high-static-low-dynamic isolation system
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waves with different peak input
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The seismic response of nuclear power plant based on high-static-low-dynamic

three-dimensional isolation system

HE Wen-fu', HUANG Jun-liang', XU Hao', CHEN Mu-feng', MIYAMA TAKAFUMTF
(1.Department of Civil Engineering, School of Mechanics and Engineering Science, Shanghai University, Shanghai 200444, China;
2.Department of Living Space Design, Tezukayama University, Nara 631-8585, Japan)

Abstract: In order to realize the small displacement of the isolation layer in the isolation structure of the nuclear power plant in the
static load stage and the good shock absorption effect in the dynamic load stage, a high-static-low-dynamic three-dimensional isola-
tion system for nuclear power plants is proposed, which is composed of a horizontal isolation unit and a high-static-low-dynamic iso-
lation system. The high-static-low-dynamic isolation system is composed of inclined rubber bearings and negative stiffness devices.
Based on the deformation characteristics of the inclined rubber bearing and the negative stiffness device in the static load and dynam-
ic load stages, the vertical theoretical model of the high-static-low-dynamic three-dimensional isolation system of the nuclear power
plant is proposed. The inclined rubber bearing, negative stiffness device and high static and low dynamic isolation system are stati-
cally tested. The results show that the inclined rubber bearing has effective bearing capacity and high stiffness. The negative stiff-
ness device exhibits obvious negative stiffness characteristics. The high-static-low-dynamic isolation system has a full hysteresis
curve in the dynamic load stage and low dynamic stiffness. The comparison between the theoretical model and the test results
shows that the proposed theoretical model can effectively reflect the mechanical characteristics of the system. The seismic response
analysis of the high-static-low-dynamic three-dimensional isolation structure of the nuclear power plant shows that the displacement
of the isolated structure under static load is 102.02 mm. The three-dimensional acceleration of the superstructure and internal equip-
ment has an effective shock absorption effect, and the shock absorption rate exceeds 40% , which improves the safety of the nuclear

power plant structure under the action of three-dimensional earthquakes.

Key words: seismic response ; inclined rubber bearing; negative stiffness; high-static-low-dynamic three-dimensional isolation

system ;nuclear power plant
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