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Fig. 4 Time history curve of seismic wave
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Fig. 6 Comparison of the time history curves of the structural top displacement



244 R R (A R B 2E O 2016 4

HT AT 6 1) R0 - b 52 A FH A 0 S b S 9 B o A sk MO JBE A 5 T2 8 A AR A KRR R B 0 AT 5
R TIPS G AT HEAS s R M 1 ) R A T X T 1) KRR P S G e R T e R A3 %
703. 88 mm, KRR W B L N fe R AR LA O 743, 75 mm;Y Ty (i) KRR S SN A g R T I R A B
N 530. 67 mm, K5 5B RN 4 f R R AR B R 598. 80 mm. Hy AT L, KRR 9998 1 RN 43 A A A5 T
IR RS R T R S S N A BT TSR SR L X7 T B e R TR I AR L RS R T Y T 1) A i R R
T ep XI55 07 1) . DR 5 S 3 M A6 TR A A R A A 4547 A0 4 K s A I R AR LIS o DR R B A R
T A5 A2 I i fh e AR LU R P S 7 B i B R« EL S b i I B R B R Y AN W A T 3
INE. X FARUE T AR SR RATE 3 s LURT RAZ S SN 5 R AR S BV S WS 45 R EA 5
UL 1 20 22 BT 45 K R B SUSE PE [ BE L 45 R ) T 030 25 S Bt M R DA P A g R T 3 K
3.2 BERFAMEMLELER

e 2UTAT v AT 45 R 1 R UM s 7 15 DR R 8 P S 7 ik T B 7 If R Y 28 F) Xk EE L AR 7 R

T 7 AT 25 A4 1Y X T ) Sk PO e RS AR B g O 83 219. 13 kN, 39 P Ji i e K 36 iR If
FEBT T30 59 991. 07 kN;Y T [a] 514 S5 BV i Rk I IF % 87 7 0 68 542. 12 KN 338 1 i I e R 366 G IF
FEBTJ370 66 970. 41 kN3 X 5 [ia) 580 98 1 S5 1oy AR A fie R 3k i N A B 7 249 e 98478 S Iy A8 A5 i K i i 7 Y
JIE 7265 J5 1] 3500 P S5 07 AR A5 B R IS I AR B ) 249 2 P S 3R A5 B R B IS I R BT I 1 9800,
TR AT P TR AR T B 7 BT IR BE R R B T IR 5 R 0 0 RS I EE 2 ek
55 o {6l 25 A 14 DR R S BV S TR B 7 B R L IB A S N 0 BT Y R RS I R B R

100 _
— WERW ¥ T
ol AL Wl L | ‘ru AL
| ‘ ‘ \'\
g s n | 1 j (
=5 0 = 0 F | | | |
N by A‘% u" L ‘ { \[ b J ! :|[
| i W -
-50 -50 f ! “ L,;‘ L
L !
~100 s . s s . ~100 s
0 5 10 15 20 25 0 5 10 15 20 25
s t/s
(a) X J7I (b)Y J5 1)

& 7 S5 AL R T IR X L
Fig. 7 Comparison of structural base shear force time history curve
3.3 EEUBALEE
R I 5 K RE OB IR 4357 620 G275 7 ) XY HE  HE 8 5. 61 8 1f oy BEJR

307 30
25 25 b

.
20 . * .
O —— sitimm LY % . "

s s e SRR T by
Y —o— S ."

10} ol 10 e

5 2
st st o
0 : : : : : 0 -~ : : :

0 0001 0002 0003 0004 0005 0 0.001 0002 0.003 0.004
¢ ¢
(a) X J5 ] (b)Y J5 1l

K8 Z5H SR A0 Ay LA
Fig. 8 Comparison of structural layer displacement angle
Hi 8 Al S5 A AE X5 1) KGR S S fe KRR B4 5 o 1/319 . Y BRAE 16 JZ 3 K2 3 98 1k B
RRJZ RS MO 1/251 BUAE 12 JZ2 s 85448 Y J7 [0) KRR Sk BB fie R JZ (AL A%y 1/335, H B AE
15 25 KGR B M RN e K)Z AL o 17257 I BLAE 8 )2, AR 4l KL . i vl f6 45 440 170 3800 98 1P 2 TR 7
FBRAEL D 1/120. PRI o KRR 5 B8 P S5 17 i R = IS0 4% 1 24/ TR 1/120 B 285K,



el PR A5 . s Ji) 9 1A T e 2444 b 5 59 20 4 i B2 A 245

3.4 ZHBEEZRSH

i
(a) HEHLEL ST (b) BY Jy K58 V) %5 % Co) BY J7 55 49 5 48 & 5L
[0 MBS
Fig. 9 Plastic hinge distribution

9Ca) AL TE M R R AR R S TESE 1 B B A% 187 3% 2 W i 1 ' H0 B0 0 U0 B R A B DDA IR L 3
15 100 7E 57 38 b 52 1 P T S AR/ 19 o A% B 2 % S 381 90 46 b 752 B S 1 VR D 59 0 B S 2l R R AR R
TESS 2 By B, B G MR e B 4 A o B3 0 355 1 e B il 5 0 007 35 2 A T AR 45 A Y IS TR X T BT ) BE BoT B )
AR ZYTERBET 1R 2 ST IA R R R A L A 3 ARG A 2 i ROIR AL 5 4 SR T E L
N RS AR 55 5 SEGAT N ARk FROIR A

Hi P9 (b)Y AT - K24 22,506 1 BT J) B VR B 4 B U 1o A8 S Gk A 3 AR L BT R N IR BEH O A
BB AL TR PEIR A BV A MROR Z.

FH P19 (o) R 2RI < 5 foa) 80 737 S PPk R 5040/ 1 10 RIAZ 0 060 5 7 358 PN 5 793 52 o A Jek IR R 1T il 7 i 7
VE T3S 58 . 35 07 55 B BNV B 25 A G ER 1) b 2 Ji s N3 D) B B N 5 34 TR R 3% 199 B 1) 358 1B I o ™
0 R ROIR S S 2% XA 25 0 BT I LS Y . 7R 2R 3 B B, BE A MR AR T A 4 5 R A 2
HE 48 e 9 2 () 52 T 0 10 IR PR PR B L 2 () SRR S G5 R AT A 2 — TE B 4k, 1 Je T AR b AR e . S B2 R
Tyt 302 1 s ) O 2 7R 11 1t 7 BT 3 A 82 00 DR A BT R R O i — 20 R AT, 245 4 10 A 2 4
o ¥ i o R L

HY LA E 23 A T < B A b R DB VR T4 5 45 A v 2% A 7 Je IR DU BT AR Ok Ay A0 BT 2 L BT g i LI
Mo UHE SR J2 (8] 32 B2 3 HE 2R AE.

=

4+ i

D) s op i 254 DR R R A AR 2 i B 5 82 70 M 3838 A« Y8 068 - RN BT 1) 45 3 RIS IR o fof 7 R
o R I A S IV 3 B AR A TOU B 8 62 8% R 7 DR R B APk B IO 20 A 30 45 2R 5 45 4 ) O 3 i P S o B iR B )
R TR BB BN o3 M ) 6 D I AR 5 1)

2) ER = IR SN B BE A & xR R R A5 M 9 B RJZ R A A O 1/251 (X 7 1) Al 1/257 (Y J7
li) » B0 AR ALE 1/120 Py 2ER. 3 1k A SC AP B T A5 B ELAT S5 g e 00 M B

3) A AR S B e e LA T A AR o 45 R 25 A 1 e R B AR R R R B LR
) 52 = GE MEZLAE. A SOHE B2 11 J2 () 82 21 TR #E 1 72 A 1 A0 1 T e SR e 2R R o . o B0 988 1P
PRBAE L. 190 A% CRE SR RT LG 1) 55 — 38 By 4R 1 4 .

S E 3k

(1] EFCBA. BUGE ol A7 5 A0 5k B A7 1R 35 1 2 (0] MO A% & UM P A a5 M B BT 5 5 R ED ], Ko KR 24,2012 119~
124.

(2] Ehya e, sRACKI, 4. 7 B e 51 2 ] P90 4% 5 ) BHOE 55 52 B ML bt - AN R3S e Atk . 2005:98-102.

(31 /NG W2 MR A J . i T 27 2R A TR 50 o J2 00 A9 98 05 e 5 A B P I R A [0 ). Al SR 45 4. 2010, 40(2) ¢ 13-
16.

(4] rpAe N RIEFNE AL b5 Rk & 22 B8, R 5 L 45 M B I - GB 50010 — 20100 ST, e at . of E @ 51 Toll i AL, 2010



246 R R (A R B 2E O 2016 4

210-212.

(5] EWRA . i RE AL, SR T2 LA B A 0 g Ktk i 0 S A BT LT 1. 34544, 2011,41(1) : 260-263.

[6] Federal Emergency Management Agency. Prestandard and commentary for the seismic rehabilitation of buildings:
FEMA-356[S]. Washington D C:[s. n. ],2000:6(50-54).

(7] mifas pEmeak, X 4k, MIDAS-building Hr (¥ 3l J7 3008 P 43 BT Sl BT ). @SR 45# , 2012, 42(2) :217-220.

[8] Mkufli. & T MIDAS BUILDING ¥4 1 2y Jy 398 4 7 1 i [T ], AR HUsR 5 [ e - 2013, 35(2) :86-90.

(9] dba 4 AR BRA AL Pushover 43 #7 7 # 30 C A2 HT B 3h b i o A CML b gt v g 58 0ol i, 2012

15-158.
(107 Hak 55 . B0 35 o L BRSO, Stk 15 o S 1 ) g I A 20 BT 5 06 vh s T IR BUER I [T, S 45 4 24 412 . 2008, 6 (g 1] 1D . 213~
217.

(1] 55 . X0/ R B OB Al SFUA5 F I AR 20 A 2 iy A 5 B A0 AT 58 [0 1. SR A5 4 27412 . 1991, 12(2) . 51-60.
(12] P EMGE LR R LR 0P @R HTR R PES @ N - CECS 160—2004[ ST, bt . o [ 3% i itk . 2004 . 27-

45.

(137 e AR LA [E 4 55 13l 2 A Bk, @ HPU R BEHMYE - GB 50011 — 20100 ST Jb 5T v 8 4 51 Tl i Ak, 2010
313-315.

(147 e AR LA [ A BEA8. 5 )2 g SR BE 1 45 ORI - JGT 3— 20100 8. Jb 5T op [ 1 Toll 1 4t . 2010 34-
36.

[15] 6 SC . P b A R ZURE DR HE SR A A O ST S A R PP RE AT (T . AR AR 5 0 18] i L 2012, 34(6)
15-18.

[16] kI FVIRIK, B AR, @ EVE X 282 it )], @54 #4,2004,6(6) . 7-9.
(177 Rk A B E /AN A, & W R X R @A 2 57 i s iR e A [0, #5454, 2012,4(4) . 69-74.

Elastic-Plastic Seismic Responses Analysis of Steel Space
Grid Box Tube-in-Tube Structures

SUN Jingming', CHEN Hongniao', MA Kejian',
LIU Zhuoqun', ZHANG Zhen”

(1. Space Structures Research Center, Guizhou University, Guiyang 550003, China;

2. College of Civil Engineering, Guizhou University, Guiyang 550003, China)

Abstract; In order to study the elastic and plastic properties of space steel grid cassette tube-in-tube structures under the
earthquake actions, numerical model was built by MIDAS software, elastic time-history analysis and elastic-plastic time-
history analysis of the structures under rare earthquake actions were performed. Comparative analysis of the time history
curve of the top displacement of structure, the time history curve of the base shear force and the floor displacement angle
was carried out. Plastics hinge damage process of the structure and the structure plastic hinge development and the yield
order of members were obtained by the elastic-plastic reaction analysis. The results show: seismic resistant lines of the
box tube-in-tube structure is clear, which conforms to the theory of performance-based seismic design method.

Keywords: spatial steel grid; cassette tube-in-tube structure; elastic-plastic; time history analysis; seismic structure
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