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Experimental and finite element analysis of seismic performance for novel
stepped joint with cantilever segment

LI Yun, CHENG Xin, AN Yi, YANG Xu, LU Guoyun, LIU Jianfei

(College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; Aiming to address the challenge of simultaneously ensuring both level alignment and sufficient seismic
performance in the case of wing flange in externally extended cantilever spliced full-bolted connection joint beam, a
novel stepped full-bolted connection beam-column joint is proposed. Low-cycle reciprocating loading tests were
conducted on cantilever-type joint specimens with two different end-plate connection forms. A detailed analysis of
failure modes, hysteresis curves, skeleton curves, bearing capacity, ductility, and energy dissipation capacity of
the specimens was carried out to investigate the seismic performance of this type of joint. Furthermore, the
influence of the connection form between the thick end-plate and U-shaped buckle on the seismic performance was
analyzed. The test results indicate that different connection forms have a minor impact on the elastic segment
performance of the joint but a significant impact on the ultimate failure mode of the joint. The stepped joint with a
thick end plate exhibits good bearing and deformation performance, while the U-shaped buckle joint shows poor
seismic performance. A finite element model was established and validated using the thick end-plate specimen. By
changing parameters in the finite element software, the influence of end-plate thickness on the seismic performance
of the new joint was explored. It was found that as the end-plate thickness decreases, the initial stiffness, bearing
capacity, and energy dissipation capacity of the joint decrease accordingly.

Keywords: prefabricated steel structure; stepped joint; quasi-static test; seismic performance; finite element
analysis
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Fig. 1 Schematic diagram of stepped joint
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Fig.2 Geometric dimensions of specimens
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Tab.1 Experimental results of the mechanical properties of steel
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Fig. 14  Finite element model
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Fig. 16  Finite element calculation results of varying end plate thickness
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Fig. 17 Parameter analysis results

6 % i
1) 3 ik it B A LB, A7 P 5 o 1 i

AT AN [ I ) 228 30 7 B Al A 7 2R s A
GeF- 57 MmO Y S AE 52 17 S R R BRI
AR TR BA RAFIRET ) SEPELLRAERERETT



- 142 - moR E T Ak K ¥ %

557 %

2) JE vy A A A U b e B R AT Y B R
RE , JUTASH [m] Y 2 AR s , ol 1707 s 2R A kb
AR IE B R (8 7R 3 ) e A AT ANKTRR
P b TSR R TET AR (o 32 TSR

3) i U BRI U BRI sl BiiE 11,
R A5 A IR st Al A LA B i) R 2R BE L (R e
TR T AR VAR | HAEBEBE J1RRAIK, OF
CIRSSEE A AR AR L NI F SRR E S

4) 3 A FRIT A B AT 0, 4T a5 2 T 1 it A S
JEE ST SRR BE T W R NI DL L FEREBE 1 7
AR R BRI RUE T R A AT o5 (R 72k AR T, 7
TR % R A AR R B K T— 2 i

5% ik

[11REBRF-, PhGEIS , el 4. st eic=UNai i Sk RS
REA[T]. TAS2E, 2017, 34(1) ;1
HAO Jiping, SUN Xiaoling, XUE Qiang, et al. Research and
applications of prefabricated steel structure building systems [ J].
Engineering Mechanics, 2017, 34(1) . 1

[2]NAKASHIMA M, INOUE K, TADA M. Classification of damage to
steel buildings observed in the 1995 Hyogoken-Nanbu earthquake
[J]. Engineering Structures, 1998, 20 (4/5/6): 271. DOI; 10.
1016/50141 —0296(97)00019 -9

[3IBRLA—, Efl, #IRN, . R ETEFMB AR A
AT E )] i, 2012(12) : 32
CHEN Yiyi, WANG Wei, TONG Lewei, et al. Technology research
and development and market cultivation of prefabricated steel
structure residential buildings[ J]. Housing Industry, 2012(12) : 32

[4]LIU Xuechun, ZHOU Xiaojun, ZHANG Ailin, et al. Design and
compilation of specifications for a modular prefabricated high-rise
steel frame structure with diagonal braces. Part I: integral structural
design[ J]. The Structural Design of Tall Buildings, 2018, 27(2) .
1411. DOI; 10.1002/tal. 1415

[5]%mell, Talle. WESHRNCACE I E T PR ()], &
SN VLR, 2022, 24(1) : 1
LIANG Xiaojie, WANG Yan. State-of-the-art on semi-rigid
connections for fabricated steel structures [ J ]. Progress in Steel
Building Structures, 2022, 24 (1) . 1. DOI.10.13969/]. cnki. cn31 —
1893.2022.01.001

[615K%, BRLA—. I8 S H BURNRERIE 0TR[], 45T
FRI, 2009, 25(4) : 129
ZHANG Liang, CHEN Yiyi. Overview of connection types between
rectangular tubular columns and H-shaped beams [ J]. Structural
Engineers, 2009, 25 (4). 129. DOI. 10. 15935/j. cnki. jgges.
2009. 04. 026

[7]DEYLAMI A, TOLOUKIAN A R. Effect of geometry of vertical rib
plate on cyclic behavior of steel beam to built-up box column moment
connection[ J]. Procedia Engineering, 2011, 14 3010. DOI: 10.
1016/j. proeng. 2011.07.379

[81X24, /N, SREMK, 5. BRGNS H BN IR
R M 3% 45 T TR MR IR (1], BRI,
2018, 39(11): 39
LIU Xuechun, CUI Xiaoxiong, ZHANG Aili, et al. Experimental
study on seismic performance of H-section beam to square steel pipe
column bolted double-splint connection after reparation[ J]. Journal
of Building Structures, 2018, 39 (11): 39. DOI. 10. 14006/
j. jzjexb. 2018. 11. 005

[9]LIU X C, YANG Z W, WANG H X, et al. Seismic performance of
H-section beam to HSS column connection in prefabricated structures
[J]. Journal of Constructional Steel Research, 2017, 138 1. DOI.

10.1016/]. jesr. 2017.06. 029
[10]5kZMk, SEMS, XIEA, 45 i 7 IR R RBHE R AN
HERCT PR EREIRBGR ST ). ARSI, 2017, 34(8) : 31

ZHANG Ailin, GUO Zhipeng, LIU Xuechun, et al. Experimental
study on aseismic behavior of prefabricated steel frame joints with Z-
shaped cantilever-beam splicing[ J]. Engineering Mechanics, 2017,
34(8) . 31. DOI. 10.6052/j. issn. 1000 —4750.2016. 03. 0220

[1L5REAMR, 70, Bkse, . SUREHN 2 T 250 B AT 4 4
TR BURR M RE I I A BRI [ 7], Tl 3T, 2021,
51(2):59
ZHANG Ailin, SU Lei, CAO Zhiliang, et al. Experimental
research and finite element analysis on seismic behaviors of Z-
shaped beam-to-column bolted joint with double connection plates
[J]. Industrial Construction, 2021, 51 (2): 59. DOI. 10.
13204/j. gyjzG21012710

(2] RAT, X, BReredr. WAREEL LIPH-H 8% 2 598
WRPURTERERT )], TR, 2022, 3938 T 1) . 101
WU Tongyu, LIU Xuechun, CHEN Xuesen. Seismic behavior of
Z-shaped joint connecting H-beam and L-shaped concrete-filled steel
tubular column[J]. Engineering Mechanics, 2022, 39(Sup. 1) 101.
DOI:; 10.6052/]. issn. 1000 —4750.2021. 06. S016

(1315 A0, IREEH, A0, 4. R R S i B2 & R
PEI T ARG [ )], HESAAE 44, 2018, 39(7) : 66
LU Linfeng, XU Yinglu, ZHENG Hong, et al. Experimental study
of weak-axis composite connections with cantilever beam splicing
under cyclic loading[ J]. Journal of Building Structures, 2018, 39
(7):66. DOI: 10. 14006/]. jzjgxb. 2018. 07. 008

(1420, BB, T, 55 LY315 S 28 BB PR Ay
ROURPEREIS RS [)]. SRAEHSAAR, 2021, 42(11) ; 21
LI Zhilin, YANG Lu, WANG Meng, et al. Experimental study on
seismic performance of beam-to-column connection with cantilever
beam segment of LY315 steel[ J]. Journal of Building Structures,
2021, 42(11): 21. DOI; 10. 14006/]. jzjgxb. 2019. 0880

[15]YE Yanxia, HOU Zhiyuan, QIAO Pengshuang, et al. Experimental
study on seismic behavior of a new fully precast rocking beam-
column joint [ J]. Journal of Building Engineering, 2022, 62.
105337. DOI. 10.1016/j. jobe.2022. 105337

[ 16 ] fRBBRIE , BRIA—. SR HIFEAE A I AR ] S e R
[J]. A, 2016, 37(7) : 38
SHAO Tiefeng, CHEN Yiyi. Experimental study on steel H-beams
with replaceable energy dissipation angle [ J ]. Journal of Building
Structures, 2016, 37(7) . 38. DOI. 10. 14006/j. jzjgxb. 2016.07. 005

(17]EH], 5em, tpdeE, &5 B ik iR S mas -« s M fRi: 227 /Y
TEPEAIHESE FE Y s D PERBAT ST T]. A BUAS M A 40, 2019,
40(11): 90
WANG Meng, BI Peng, YANG Weiguo, et al.

mechanical behavior of ductile steel frame connection with low yield

Study on

point steel " structural fuse’ [ J]. Journal of Building Structures,
2019, 40(11) : 90. DOI; 10.14006/]. jzjexb. 2017. 0633

[18 ] 1f 4 Tl AR BARHEDFTL T, B0 B 5N it g 2 M e i R o
FasREdI4 . GB/T 29752018 S]. dbat. whiEbrifibARAL, 2018
Metallurgical Industry Information Standards Research Institute.
Steel and steel products: location and preparation of samples and
test pieces for mechanical testing: GB/T 2975—2018[ S]. Beijing:
Standards Press of China, 2018

(19T MBRATIELBE. & @RISR EE 1 37 IR Ty .
GB/T 228.1—2021[S]. Jtat: drEpRiEd A, 2021
Central Iron & Steel Research Institute. Metallic materials-tensile
testing-Part 1 :method of test at room temperature; GB/T 228. 1—
2021[S]. Beijing: Standards Press of China, 2021

[20] American Institute of Steel Construction. Seismic provisions for
structural steel buildings : ANSI/AISC 341-16[ S]. Chicago: United
States of America, 2016

[21]CHOI H K, CHOL Y C, CHOI C S. Development and testing of
precast concrete beam-to-column connections [ J ]. Engineering

Structures, 2013, 56 1820. DOI10. 1016/]j. engstruct. 2013. 07. 021

(HmE 1 B)



