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LA S M B T I TR R 2 W T 301 ) 8 1 52
JAE 2% 73 531 7 A T 1) R S B 15 T A7 B R AT A 3R
T, R I #8422 W JBE oy i S B 2 T2 ke A PPN 4% 432 £
I B AT T R, [ I S8 CES M BR AR A o [ N B R =
PRI 1] (358 22 S A GEE B Z L

1.2 BEWOWFERBENE

H 2k B3 DL R D BT o i R Gesh 1 J5 #R A R X
JI 7R

(mj['+ mH§25)+ by + o = —F, sin(0t)

(7715—1—m€¢>—|—/evz+c‘\,z':_FZSinw[) W

(mHj+me£+J¢>+/egg0+cogb:*(F1H+ F,e)sin(0t)

Horpr KOV AT 288 ) A A g 2% 93 ) A Fisin(02)
Hl F,sin(01) .
AR E AT (1) Rk

m 0 mH| % k0 Ollx
0 m  me || 2 +|i0 b, 0 [Z +
mH me J || ¢ 0 0 kAl
¢ 0 0 F,sin(0z)
{O Cy O:||:i =— F,sin(0t) (2)
0 0 cll¢ (F\H+ F,e)sin(0r)

(1), () &ML O N shBE J=(B" +
H*)m/12 + mH*?*+ me*. iz shJ7 #(2) By ERAE J7
TR

(K—w’M)$p=0 (3)
ARG TRBATHAK — o’ M=0, HikLA]
13 B 2T R =R ol 0l Bl wf, 858 = A A [
A @, X5 N7 R AR AL
[ mHw? |
by — mw?
¢ =| mew? (4)
b, — mw?
L 1 J
X2 (1) AT I AL AR A8 4, RIKE AL S w 42 PR 7Y

JE RN T IE

u:Z¢iqi:¢q (5)




1202 & o T OB ¥ R %5 35 1%
‘ U AR bR 3 i e B ) AR 2 :
KL g Ak uﬁéﬁ‘u Lﬁx}ﬁézﬁﬁﬁ*faﬁ‘jjﬂ P,-:_[( }nHw17+H)F1H mew; o), |sin (00,
P MpG+ ¢'Cpg+ ¢ Kpg=¢'P  (6) by —mw? k. —mw?
22 =X (6) r %) BRI I, 41 ¢ Cp T AL 15 Ak i T P, o T3 18 ff 2, TE WD UG AL B R I O F
Sk A R PR R B A LE AR w2 () B iR W
M= ¢ M, .
K= ¢ K¢, q:(t )Ze“”"[—B cos (wp,t )—%Cuw'iw sin (@, )}l—
SRS (7)
C=¢.C9 Asin(0t)+ Beos(0t) (9)
Pi—= ;FP
| T ‘ A oy, LR IR 5 B R E 0, —
i = (7), AR 2 (6) % 4 o 3 JEREHK 1Y R » | — (8w Y
P EE A 2R 103 301 3 7 w 1= A= — -,
Mg+ Cg.+ Kiq, =P, (8) 10/ 7] [ 2600/ w,)]
st P —240/w,
K=" +/e( mew; >2+k( mHow; )2 Kil1—(0/w,r] +[26(0/0,7]
Bomai] kT me BRI AT (5 )05 = /50 2 5 1
IRV I o) A N AR R
122{65"“’[—Bcos(wmz‘)—Msin(wmt)}—ﬁ—Asin(ﬁzf)—O—Bcos(ﬁt)} mHw; - (10)
i=1 W, W Mw;
zi{e;w,z[Bcos(wmz)Wsin(a)b,.t)}vtASin(ﬁ[)ﬁLBcos(ﬁl)} e . (11)
i=1 Wp; k, — mw;
ngEe 5‘”"{—Bcos(wmz‘)—Wsin(wmz)}+Asin(01)+Bcos(01) (12)

(] i, 4 20 (1) v 3 42 1000 3 5 B 7% 300 A A v
EIIVIEYE: VR

JG + ko + ¢y = —| mHi + met + (F, H+

Foe)sin(0r)] (13)

H 2 C13) A 8 il 300 R R Y, 45 1 1 B 425 ) iz
S ARG i 7K O /8 5P T 5 | A e A )
T, B A VRN 1 32 0 A2 G5 A8 7K ST A8 B B R )
i B N A R AR RS o X T T K D o
F) 45 1), 425 TRl 1 A0 5 U]y 45 4 7K Y- 32 2 AR R
fiiy A b 7 0 ] 4 7

2 S AW

A L R S BT R HT 5 ) = A B R 4 R B 4R
WIS HCR 25K B KT 88 ) B AR R BEL R B A
RERVT A SR 8 5 O R, B BRI 3K
FE 45 F i m=5000 kg, % B B=10 m, .0 & &
H=10 m, i 0>~ e=1 m, 7K, B fia) W £ 4 551 Oy
k,=25152 N/m £, =308112 N/m, X Jif {7k *F- . 1% [i]
FIRE A2 45 2 43 59 4 0.35 Hz, 1.25 Hz #10.53 Hz, &
% 1 23y 58 A R 30, AKOF VR 1a) B AT
AT 2 1 AR IRl 2.5 Hz, N I K 0.6, LI
L) T R LU S R R KO 8 ey B 45 R

FE CH PR3/ A7 20005 FIBE 2 BE Xt 45 44 137 7%
1425 422 0 37 1) 552 W) KL AR

2.1 JKFFELE PR 54T

K 2 (a) Jy I 52 J2 A3 7% AT 122 £ Bl /K SF- 91 6 L
FIBHJE LAY F it £ o 7K1 ol 437 3% B 7K P9 4 L 1
ORI B B KSR HE O 1IN, T K 1]
SEHR B9 20, K- 1 5 A% 08 B (R B 304 BE KT
W1 3R L 1 8 R A e A el /N B K R E
L 35 B W, 3k 2 ol T K P i) S I 5 | R 4 e
JIFEAE R, P ERAR AR o B 1) 5 B Bl 7K 7 91 R
FE A AR AL A DR B AN S FE K B R FL IR B TR, K
S fe] SR | R 1S e 5 B AT T A KL BE A S5 F K P
NN R NI o S IR VR 2 i e RO BE S T
JIN 5 T 88 i) S AR FE AR LG Sy 1 e A A B 2 )
HARPRFFAL

2.2 RmEinELk BEEL S

Kl 2(b) oy b 72 2 A0 B R 428 £ il 5[] 331 € L
FIRHJE LE B AR P 2 o 5 1) {7 % i 15 o A9 Ly 384
KGR /N e, AR B 1] B L g 1R,y T e 3
P&, 1) 07 B TN B W (E o 3 428 1 B %8 1) AR HE 0 R
REAR AR/ R B AR R TR L O 1A 1.2 1t BE
ANUEEARL , FC D DR AR T 2 8 1) A3 L O 1 e ) 4R



o5

RSO, 45 ¢ = 2l B 205 4 B 428 30 0 A 7 R AR 30 75 4 4 6 1203

5| G5 R A T FEAR R, AR — 4 A A5 4
A P 5 452 DO JBE L5 18 g T R S ] T AR ) i e
ST TR B 2 R O 1.2 1 25
0% 420 2 5 BE AR R — EOS DR R R
HBLSE AFRAR A WA . JKF 1) (L RS Bl 5 1] AR
BRI NS % NS S N (R T S B
B, R TR 5 A B (5 BOK P 1) 67 B A7 i AR
Ko BEF &5 H N 10 BHJE L B 38 K, 25 4 %8 ] 457 7
FEAZ A G BH AL /N 5 MKV i) 32 AR R HE A 0.5~
2 AT BRI, 2 )5 AR FF AL

2.3 JEEBMELL ERELSH
S REABN R 0 = k,/T AR FFE A T A

AR T8 A R S5 A 0 e R H A R B EE, DT
AR T Sl AL i ORI BB T T R 4R U S5 4

FLAS IR AR A B2 o i T 5 332 2 7KSF A Ji)
il T G425 422 0D, P LK MG Ak 4% 3R LR AR 25
9 135 AR AR 55 7K /185 1) g AT SO Z

K 2(c) oy B 72 J2= 05 B 71 BE 422 £ B 1 428 R 1L
FIRHJE R AS P 26 o B 422 £ Bt 0 138 00 L ey 3
R P AR /N B TR AR AR L 0.5 76 A I iy
B o X2 R T 45 0 4% 2242 30 A 800 AR e UK
S % Ji sz 2 A A A A Ay 2R R I [ T ke Ak
4 B L S 95 K ) B 32 1 AR R S OKF /B8 1))
SRR o Y FEARI AR N 0.5 72 4 i 4544
R4 A PRAUR 5 B 1R U R — B SR R IR
IR Tiy 8 1] 5L B 7 AR O 0.4~2 I 52 BF 1R L 4R
NG AT P B, 2 )5 FEA R RN o B S A 4 4
BELJE LU A9 38 O, 65 4 4 425 1 Bt BELJE LU 3 i i 28 i A2
ZIN 5 AR iy i) S B TR A L R 0.4~ 2 I I AT ek
N ZJE AR

0.8
0.4 r 0.8 - 1 | e [ ((=0
[— D = Tz
l ZI(C=0) n T ameetow| 06} XE(=10%)
0.3 Pl — XI(=10%) 0.6 " Z[']( ~10°/°) L ZHA=10%)
E | -eos ZIE10%) | g m | B XI(E-20%)
. \ XAE=20%) [~ o4 P 7 {:20.; @ 04 ¢ e ZI(20%)
3 02\ [z | 2 L e XTE(C=30%)
& \ XFE=30%) | & 3 (Pl ol & - ZRE=30%)
o1l ---- ZII(G=30%) 02
. 0.0
T0.1 02
3.4 1.4
g 25 LOR
% 1.6 0.
-
0.7 0.
-0.2 L L L L L -0.2 L L L L 1 -0.2 L I 1 L 1
01 02 05 1 2 5 10 0102 05 1 2 5 10 01 02 05 1 2 5 10
S A B AR L RIEIRLL
@ KF¥ (b) B (c) B
(a) Horizontal (b) Vertical (c) Rocking

K2 Rl shs m e 2800 i

Fig. 2

3 IRBAKE

3.1 RIEEBE T

Ny R — 2 AR ST 2 B R A R Y AR R R AT
152 WIHE AR Y B 4R B i R AR fBLOC A
R TR, Pk 8 £ 1 S0 58 e 50 7 S AN 181 3 i s
F1 HBTEHEMXER

Tab. 1 The main similarity relationship of the model
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Parameter analysis of frequency ratio and damping ratio in different motion directions
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T Egﬁm ﬁﬁi@%/ TR /KN
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Tab.3 Seismic wave information
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Tab.5 Structural acceleration and rock angle response

- B A/ g i 72 )2 Jon 3 R e 7/ g R R/ % FEAEAA /rad
) X Y Z X Y Z X Y Z X Y
T1 0.152 0.127 0.106 0.122 0.083 0.073 20 35 31 0.0005 0.0014
T2 0.306 - 0.288 0.190 - 0.111 38 - 61 0.0011 -
T3 0.304 0.247 0.220 0.203 0.112 0.086 34 55 60 0.0010 0.0034
T4 0.200 - 0.171 0.156 - 0.118 20 - 31 0.0004 -
T5 0.180 0.162 0.119 0.138 0.082 0.061 23 49 49 0.0003 0.0007
T6 0.295 - 0.195 0.180 - 0.114 39 - 42 0.0007 -
T7 0.289 0.240 0.229 0.173 0.115 0.120 39 53 48 0.0005 0.0013
T8 0.411 - 0.406 0.224 - 0.194 45 - 52 0.0010 -
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Tab.7 Dynamic characteristics with the aspect ratio of different types of structures
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Fig. 10  The variation trend of rocking angle with the aspect ratio of three different types of structures
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Rocking dynamic model of three-dimensional isolation structure and

validation of shaking table tests

LIU Wen-guang"?, LI Jin-le', XU Hao'?, HE Wen-fu"*
(1.Department of Civil Engineering, Shanghai University, Shanghai 200444, China;
2. Seismic Isolation & Mitigation Control Center of Nuclear Plant, Shanghai University, Shanghai 200444, China)

Abstract: In this paper, a translational-rocking coupling dynamic analysis model of three-dimensional seismic isolation structure is
established and its dynamic equation is given. The theoretical expression of the rocking response of the isolation layer is obtained.
The correlation analysis of parameters such as horizontal, vertical, rocking frequency ratio and damping ratio of the isolation layer
is carried out. It is found that the rocking response has a peak interval with the increase of the horizontal, vertical, and rocking fre-
quency ratios, but generally shows a decreasing trend, and the excitation frequency of the rocking motion is controlled by the input
seismic frequency and horizontal motion frequency. The shaking table test of the three-dimensional seismic isolation model is con-
ducted, and the law of the rocking response changing with the vertical frequency ratio is compared and verified. The seismic re-
sponse analysis of the structure with different aspect ratios is carried out. It is found that the rocking frequency of the three-dimen-
sional seismic isolation structure is close to the rocking excitation frequency and causes resonance. The rocking response has a peak

interval with the change of the aspect ratio, but the overall trend is increasing.
Key words: three-dimensional isolation; rocking response; frequency ratio; damping ratio; aspect ratio
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