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Seismic dynamic response analysis of conjoined structures considering
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Abstract: The east annex of Xi’an railway station is an irregular conjoined structure, its mass and
stiffness distribution are quite different, and there is a significant horizontal-torsional coupling
effect in the earthquake, which is not conducive to the structure’s earthquake resistance. In order
to study the influence of f; ground fissures on the dynamic response of the conjoined structure in
the action of earthquake, this paper established the soil-structure coupling model for the f; ground
fissure site and without ground fissure site by using the ABAQUS finite element software, com-
pared and analyzed the displacement, acceleration and torsion response of the structure in the ac-
tion of earthquake. The results show that ground fissures enhance the seismic excitation and the

dynamic response of conjoined structures since the distance between each column base in the large
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area and the ground crack is different, so the torsional response in the region is significantly im-

proved, with an increase of 191.61%. The maximum inter story displacement angles of the con-

nected structure in the elastic stage and the elastic-plastic stage are 1/580 and 1/51, which meet

the requirements of the seismic code. The translational coupling effect of large triangle and small

triangle is obvious, with their displacement and acceleration roughly the same. The sliding bear-

ing of long-span truss corridor can effectively release the relative displacement of the connected

structure and reduce the torsional coupling effect of large area and small triangle area under

strong earthquake. The weak floors of the conjoined structure are 1 and 2, so it is suggested to

taking some measures to improve the structural stiffness.

Key words: ground fissures; irregular conjoined structure; dynamic response; interlayer displace-

ment angle; long-span truss corridor

Wb R AEAE T o0 A )2 A AN D B M R B Y
HEA. 2 1 M RAE RS RN P 2 K G R AR
BT = A R SR S5 R B =M XS ORI
S B S AL 2 1) B RS Y R O, B A
WU AR SE A8, QR 1 R 2% SR TR RO 1
D] 77 L A% B A B 19 32 TG ¥ DT IR (] IR A 19 B g 4
Ay B 32 BRAE 5 s R 2 R TR R A R R
HRRHS Sy (EEE M AE X 1Y 1o A R T A R
SV LR Bl XSS M BT I AR IR A B
X T T A 23 A A Bt 2R 5 37 b B 470 R P RE E AT

UTAF SR AT R4 K E O, E A
Xof Ml SR A I it Ml SR A 5 ) 4 Bl g R PR R T TR SR T
FE A0 LIU 46 B0 T 3 3 2 4% ) Hb ) M 7
BL o3 B 1 Sy s i) S A L O R O A A
U ol 7 e R O 2 B S
ABAQUS A FRICHF 70 1 31 ¢ 4% 35 b AE A [7] 4l
FEAE R 0 3l e B, & BRI M 24 A 5 1) 4 Y
Ml G Y 7 M R S R SRR R Y 2
£, 3t 248 Yy o AR BEAT T IR 30 5 1056 L 25 2R R A
Mo FRAE TR o b 28 e A 2 e B LT A SR IR
B, H A R R R R8O, BN A AR B )
PR R ] — B0 BRFT 450 0] 2 i b %R 5% b ok 7 0 &5
AT IR B G, B4 T A R AR T B 2k
DUEE S BERRE . B T2 551 X 5 24 iy Tl =
5 37 S BEAT By A0 A 23 A 4 SR 3 Wt 2R A X Sr A2
W Al — O R T AR R R A R SET
X it s B BERE QLSS A HE AT T R 3 & 0, BT TS 45 R
KU A BN B0 A T i 2 4E ALY
A 400 403 RV #9403 027 W R SR T R . BB A
I A0 SR FH AR 3R i o 15 b SR A A SR S R AT T
Pt 3 b, 4 SRR W] 3 A W AF A R T b R A A
(B R IR  UEWT T AT U5 DA B5 3t 24 4% 45 44 1)

Bt RE B T AT . Xiong 258000 X 5l 1y 20 4% HE
HRZE RGN B R PR P RE EAT T X LA B, 2
¢ BF 3 2o 1 S R 0 45, T R0/ b 24 4k
Xt L IRESH BB IR . 25 TR, B B AT AR BB
45 7 b L BE XTI I HE SR A5 K L 3T S A 2 R
Bl 3R AR B A L (E G T b S A% 5 TR 4 Y
= B S e IR A R — ST

FE T AR SCRAVE 22 K 4l R T A S R 0 &2
T AR G5 K0 SR BIE 5T X 5 L P 1 S 4 37 b (W B L R
ABAQUS 7 BRI 4K 4 # 57 45 4 — 4 (A & B AL, F
G M ZEAE X 1 R 25 A8 b 7R Bl 7 R ) 5 TR
L DU A SE bR TR Rt — 2 &%,

[N E @ S PN

Fig. 1 East annex of Xi’an railway station
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Fig. 4 Model of site sectional structural
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Tab. 1 Physical properties of soil
ZH # - LRk
TKE/ % 24.6 24. 8 23.2
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Fig.5 Finite element model of f; ground fissure site
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Fig. 6 Time history curve of seismic acceleration

after amplitude modulation
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Tab. 3 Amplification factor of surface acceleration
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Tab.4 Maximum interlayer displacement angle

i NN S

R P [X 45, 70gal 200gal 400gal
TG Hh 24 4% i Hh 24 TG Hh 24 4 7 Hh 2 4 TG Hh 24 4 7 Hh 2 4
NZAIX 1/689(a) 1/580(a) 1/154(a) 1/132(a) 1/66(a) 1/59(a)
EI Centro i K=MK 1/950(a) 1/816(a) 1/137Ca) 1/127(a) 1/58(a) 1/51(a)
KIX 1/994(b) 1/824(b) 1/147(b) 1/139(b) 1/60(b) 1/57(b)
NI 1/904(a) 1/762(a) 1/137(a) 1/121Ca) 1/72(a) 1/64(a)
LA K=MK 1/828(a) 1/709(a) 1/168(a) 1/145(a) 1/77(h) 1/68(a)
KIX 1/1180(a) 1/925(a) 1/223(b) 1/196(b) 1/96(a) 1/86(a)
NZAX 1/957(a) 1/771Ca) 1/146(a) 1/130(a) 1/79(a) 1/70(b)
AT K=MK 1/875(h) 1/769(b) 1/181(b) 1/151(b) 1/80(a) 1/70Ca)
KX 1/1310(h) 1/1151(h) 1/228(b) 1/197(b) 1/104(b) 1/93(b)
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Fig. 15 Schematic diagram of structural torsion
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Tab.5 Maximum interlayer torsion angle
B K2 H L% fa -
WY K Y 4 o L 5 WL 2%
70gal 200gal 400gal 70gal 200gal 400gal 70gal 200gal 400gal
T Contro /szﬁ;m: 5.32 10. 00 23.37 5.62 10. 22 23.10 5.57 2.17 —1.14
. K=MK 2.22 6. 26 10. 75 2.47 6.59 11.77 11.23 5.21 9.52
" KIX 3.96 8.10 11.77 4.31 10. 18 12.54 8.83 25.70 6.52
INEAX 3.10 7.84 14.90 3.97 7.92 16. 33 22.25 1.05 9.61
HBEW  KREMK 0.78 4.62 8. 34 1.06 4. 64 8.92 35. 89 0. 30 6.96
KIX 2.74 7.55 12.97 7.99 15.52 29.88  191.61  105.62  130.36
INEAK 3.22 4.52 6.80 3.48 4.67 7.04 8.06 3.23 3.50
AT K=MAK 1. 36 1.63 4.49 0.90 1.58 4.52 —33.78 —3.21 0.69
KIX 3.00 3.96 6.25 8.15 9.10 10.05  171.74  129.91  60.85
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