54555 31 (DT ST A S DY S 14 Vol.45 No.3
20254F 6 J Journal of Disaster Prevention and Mitigation Engineering Jun. 2025

DOT:10.13409/j.cnki.jdpme.20231124003

BREETRNERE I HE-NRIEREW
MBI EEEE DT

WAL DT v

(1. TR A IR T A i 25 B, W1k 200 4300655 2. 3T o B 1 db 4 TARWFFE pobs, 14k #90 430065
3. TR 2 v B TR SS AT 5T By L L 5 430065)

WE:ATHASHET LMERE LA RMRPERLSMAERBAERR S, AT A KB, KA OpenSees 2 7 1
ETAREEHEMERR LA MRBERSEMBESATHRE , RBBF20FREH TR T HHEH A5
(IDA) , #F 2| 25 #2138 W B g 5 4t oy 25, 5F A1 R 25 M 4008098 % ik & 2 ROR A5 25 M e S R BIIR AR 7 o 28R K
R B R AR R R A A MG RBEAN R EN YRR B EH AT B R LR R EHBRERS
W, RFAAEEREEBERGEEID NI WX EF T2 RF  FZLBAIERPE — —EXBEERARELE
HERABIL, T IR T, e I BACAR KB BAE R (KI-1) (% — J 48 BAE R (SKI-1) (5 = £ 4 B 4E R (SKJ-2)
Ao b = 5 B B AR IR (SKI-3) #9 40450 3 % A bk & & 2% 4 5 3.53.2.75.2.2 4 1.8, SKJ-1. SKJ-2 4= SKJ-3 48 1t KJ-1 4%
BB 2 b & A5 A AR T 22.1% 37.7% #249.0% , B0 &4 B T SR RS M SR DR A 91 24K T 5
W EAERGMN, LM R SR I LR KR 3.

SRR 7 AR A TSR 5 B R s SR Ty AT s DU A i A R A DURRTEEIRGE T
FESES: TU39S  X#kFRIRE: A XEHRS: 1672-2132(2025)03-0611-09

Analysis of Global Collapse Resistance in CFST Column-steel Beam
Frame Structures with Staggered Joints

XU Chengxiang'**, SUN Shaoyu', LIU Xiaogiang'
(1. School of Urban Construction, Wuhan University of Science and Technology, Wuhan 430065, China;
2. Hubei Provincial Engineering Research Center of Urban Regeneration, Wuhan 430065, China;
3. Institute of High Performance Engineering Structures, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract: To investigate the progressive collapse resistance of concrete-filled steel tubular (CFST) col-
umn-steel beam frame structures with staggered joints, numerical models with varying staggered floor
heights were developed in OpenSees based on existing experimental data. Incremental dynamic analy-
sis (IDA) was conducted using 20 ground motion records to derive collapse fragility curves, and the
structural global collapse resistance was evaluated using the safety reserve factor against collapse. Re-
sults indicated that at low ground motion intensities, the staggered joint height had minimal impact on
structural bearing capacity and deformation, with slight differences in IDA curves. However, at high

intensities, significant differences emerged between staggered frames and ordinary frames. The third
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type of staggered frame exhibited faster deformation growth and greater late-stage degradation com-

pared to the first and second types as well as the ordinary frame. Collapse Margin Ratio (CMR) values

for ordinary (KJ-1), first-type staggered (SKJ-1), second-type staggered (SKJ-2), and third-type stag-
gered (SKJ-3) frames were 3.53, 2.75, 2.2, and 1.8, respectively. SKJ-1, SKJ-2, and SKJ-3 showed
221%, 37.7%, and 49.0% reductions in CMR compared to KJ-1. These findings demonstrate that

staggered joint frames have significantly lower global collapse resistance than ordinary frames, with

performance decreasing as staggered joint height increases.

Keywords: CFST column-steel beam frame; staggered joints; incremental dynamic analysis; Collapse

Margin Ratios; global collapse resistance
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Fig.1 Diagrams of frame details
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Table 1 Measured values of steel
JELBE Jeth JIR e JBE i R 5 J32 L P A o
{/mm /,/MPa f./MPa E./MPa
4 358.5 401.7 2.03X10°
6 385.4 458.8 1.86<10°
10 357.4 437.2 2.01x10°
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Fig.3 Test loading setup diagrams
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Table 2 20 selected ground motion records

% b7 I 44 R w5 2K A0y M, PGA/g
GM1 Chi-Chi_Taiwan CHY046 1999 7.62 0.145 24
GM2 Chi-Chi_Taiwan TCU060 1999 7.62 0.200 77
GM3 Imperial Valley-06 Cerro Prieto 1979 6.53 0.168 29
GM4 Imperial Valley-06 Parachute Test Site 1979 6.53 0.112 67
GM5 Landers North Palm Springs Fire Sta #36 1992 7.28 0.138 91
GM6 Chuetsu-oki_Japan Nagaoka Kouiti Town 2007 6.8 0.162 02
GM7 Chuetsu-oki_Japan NIGH11 2007 6.8 0.131 77
GMS Iwate Japan IWTO11 2008 6.9 0.219 4

GM9 Iwate Japan Kami_Miyagi Miyazaki City 2008 6.9 0.155 77
GM10 Iwate Japan Semine Kurihara City 2008 6.9 0.141 66
GM11 Iwate Japan Yokote Masuda Tamati Masu 2008 6.9 0.133 11
GM12 El Mayor-Cucapah_Mexico El Centro-Meadows Union School 2010 7.2 0.198 43
GM13 San Fernando LA-Hollywood Stor FF 1971 6.61 0.224 76
GM14 Darfield New Zealand RKAC 2010 7 0.166 71
GM15 Darfield New Zealand SBRC 2010 7 0.148 88
GM16 Spitak _Armenia Gukasian 1988 6.77 0.200 26
GM17 Loma Prieta Coyote Lake Dam (Downst) 1989 6.93 0.160 43
GM18 Landers Desert Hot Springs 1992 7.28 0.171 23
GM19 Landers Mission Creek Fault 1992 7.28 0.126 2

GM20 Landers North Palm Springs 1992 7.28 0.136 01
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Fig.9 Structural collapse fragility curves
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Table 3 Collapse Margin Ratios

L CETRE KJ-1 SKJ-1 SKJ-2 SKJ-3
IMoyo s 1.41 1.1 0.88 0.72
CMR 3.53 2.75 2.2 1.8
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