20244611 WHHENKFS%MARB¥R) Nov. 2024
405 % 6 1 Journal of Shenyang Jianzhu University ( Natural Science) Vol. 40, No.6

XEHS 2095 -1922(2024)06 - 1029 - 09 doi:10. 11717/j. issn:2095 —1922. 2024. 06. 08

o5 PRI R A R AR M B
5 SR 5

= ' E&EL,TAEN R KE
(1. PEPHE AR R TR SRR, 37 WFH 110168 2. Hhad /e — 2R A R F L ILA ¥EF 250100)

M EEMATHEIRMERTAET LG ARG, 3B — 4ok &
SWE R T REE A E TR ERRBBEEBRE, FiE T 18 A%E a’%éﬂ
AEZR P AT AR AT Mﬁ?}%f;w\#fr TFILE 3B LA A TIAK AR
B AR E AL AR E AL R ARAL M AR AR A F IR MR, T — A4 AT £
%£%W§ﬁﬁ&om%l LILW ST E A 0.75 ~ 1 R 5  ENAHBILY &
FIALE A1 ~1.25 4585, TFILEYH 60% ~65% b, T I L 95 | -
SR E A ARk ) S A R, AT LA IR A AR R R & 5 A
Pk Zon o BT, BIL HFRPAEY SREHERIF, TEIREMNE, LR E

0 M AT ST A B R B R AR R M e AR E AT RAR A

KRR Wees EAIHESL TP A0 A BROCOMT s DU IERE KO AR

fE 4 ZES TU39S. 1 XEFRERD A

SI AN E, P800, TEN, . MEs AHEAL PR Sl TR R SR D B SE [ 7] LB SR
M ARBLARR) ,2024,40(6) 11029 - 1037. (DONG Yang, JIA Lianguang, WANG Chungang, et al. Research on
seismic performance and restoring force model of mid-column joints in steel frame with cellular beam[ J]. Journal of
Shenyang jianzhu university ( natural science) ,2024,40(6) ;1029 - 1037. )

Research on Seismic Performance and Restoring
Force Model of Mid-column Joints in Steel
Frame with Cellular Beam
DONG Yang' ,JIA Lianguang' ,WANG Chungang' ,ZHAO Qingyan’

(1. School of Civil Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 ;2. The First Company of
China Eighth Engineering Bureau Ltd., Ji'nan,China,250100)

Abstract ;: Based on the study of the seismic performance of mid-column joints in steel frames with
celluler beams, a restoring force model skeleton curve for these joints is proposed, providing a
theoretical basis for similar engineering applications. Numerical simulations were conducted on 18
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joints of mid-column joints with celluler beams, varying parameters such as opening ratio,opening
position , and hole shape. The seismic performance ,including hysteresis behavior,bearing capacity,
stiffness degradation, ductility, and energy dissipation, was analyzed to develop a restoring force
model for these nodes. When circular hole openings are positioned at 0. 75 to 1 times the beam
height,and hexagonal hole openings at 1 to 1.25 times the beam height, with an opening ratio
between 60% and 65% , plastic hinge relocation can be achieved, significantly influencing on
bearing capacity ,ductility ,and energy dissipation of the joint. The skeleton curve of the proposed
restoring force model aligns well with the simulation results. Celluler beam mid-column joints
exhibit good seismic performance and facilitate the formation of a beam-hinge mechanism. The
restoring force model proposed in this paper can serve as a reference for elastic-plastic response
analysis and seismic analysis of such joints in engineering practice.

Key words : mid-column joints in steel frame with cellular beam; finite element analysis ; seismic

performance ; restoring force model
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Table 1 Results of different opening ratios specimens
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Py/kN Ay/mm P /kN A,/mm
FWLZ50-1-400 225.57 21. 69 207.93 65. 61 3.03 0.24 1.52
FWLZ55-1-400 206. 39 21.62 193. 94 56. 66 2.62 0.25 1.57
FWLZ60-1-400 192.01 20. 26 176.75 42.83 2.16 0.28 1.74
FWLZ65-1-400 179.72 20. 01 166. 47 56.73 2.84 0.22 1.37
FWLZ70-1-400 148.74 18.78 144.3 62.97 3.35 0.24 1.5
FWLZ50-2-400 220. 85 20. 98 200. 52 47.56 2.27 0.25 1.55
FWLZ55-2-400 191.29 20. 21 176. 45 46.11 2.28 0.21 1.35
FWLZ60-2-400 165.71 17.99 152. 15 45.85 2.55 0.31 1.95
FWLZ65-2-400 134.6 16. 51 124.92 48. 62 2.94 0.16 0.99
FWLZ70-2-400 105. 33 15. 82 101.75 56. 18 3.55 0.2 1.27
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Table 2 Results of different opening position specimens

et AR A PBRAR S
RilsE e © he E
P /kN A /mm P,/kN A,/mm
FWLZ60-1-200 180. 95 17.95 163.17 46.79 2.61 0.20 1.27
FWLZ60-1-300 183. 54 18. 67 166. 32 42.33 2.27 0.26 1.63
FWLZ60-1-400 192. 01 20. 26 176.75 42.83 2.11 0.28 1.74
FWLZ60-1-500 197.27 20.52 180. 46 43.49 2.12 0.22 1.36
FWLZ60-1-600 200. 89 22.12 186. 13 55.16 2.50 0.18 1.11
FWLZ60-2-200 152.26 16. 41 140. 20 49.24 3.00 0.19 1.22
FWLZ60-2-300 162. 11 17.98 151.51 41.54 2.31 0.21 1.32
FWLZ60-2-400 165.71 17.99 152. 15 45.85 2.55 0.31 1.95
FWLZ60-2-500 165.91 18.27 153.11 52.59 2.88 0.29 1.85
FWLZ60-2-600 166. 15 18.34 155.71 58.20 3.17 0.23 1.44
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