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Hysteresis performance and simplified mechanical model of a novel
partial self-centering shear link
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Abstract: By combining the partial self-centering shape memory alloy(SMA) braces (SCB) with the shear slotted
bolted connection-very short shear link (SSBC-VSSL) , an innovative self-centering shear link (SC-SL) used in the
eccentrically braced frame (EBFs) that has an advantage of good energy dissipation capacity and self-centering
capacity, low damage and excellent seismic resilience capacity is developed. Cyclic tests were carried on SC-SL
specimens designed by the proposed method, so the deformation modes and hysteresis curves can be obtained.
Based on the test results, ten SC-SL models with the effect of SMA areas, high-strength bolt pretensions and shim
friction coefficients were designed and analyzed by the validated finite analysis (FE) method. The results show that
the VSSL is in the relative static during the slip stage, then the development process of very short shear link ( VSSL)
in SSCB-VSSL including yield, bearing, energy dissipation and inelastic deformation are appeared sequentially during
the non-slip stage, while the SMAs in SCB are always subjected to elongation, thus increasing the energy dissipating
capacity and self-centering capacity. Finally, the simplified mechanical models of SC-SL in the slip stage and
non-slip stage are proposed by using the FE results, which can provide a new way to give important seismic design

reference for EBFs.
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Fig.1 An innovative partial self-centering shear link
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Fig.2 Dimentions of partial self-centering shear links
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Table 2 Analysis models of partial self-centering shear links
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Fig. 13 Hysteresis curves of partial self-centering SMA brace during slip stage
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Fig. 14 Mechanical curves of partial self-centering SMA brace during slip stage
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Fig. 15 Hysteresis curves of partial self-centering SMA brace during non-slip stage
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Table 3  Comparison of finite element and theoretical analysis

Fig. 16

BB E BB B BB R B

LAY 25 TR 5

Fy\/KN  Fo/kN i2%/9%  Fy/kN  Fo/kN iR25/% Fy/KN  Fo/kN iR22/9%  Fy/kN  Fo/kN 2%/
SCB-VS-F1 14341 156.65 845 52092 54652 4.68 | SCB-VS-F6 201.82 21345 545 57235 590.57 3.09
SCB-VS-F2 16237 17549 748 54398 570.37 4.63 | SCB-VS-F7 224.68 239.12 6.04 57448 59122  2.83
SCB-VS-F3 181.50 19297 594  570.16 588.26 3.08 | SCB-VS-F8 165.56 181.92 899  568.63 590.22 3.66
SCB-VS-F4 197.37 21415 7.84  587.70 605.11 2.88 | SCB-VS-F9 199.02 21555 7.67 57276 59255 3.34
SCB-VS-FS 156.35 167.59 6.71  565.33 588.22 3.89 |SCB-VS-FI0 216.68 232.81 693  574.12 591.62 2.96

L ARZE =1 (Fy-Fs)/ Fy1x100%

4 ZEig
ASCEER T — P B34 B Z A FERE BT X AT T 9% BB S50 53 4 , i L [l fig
TGy AR EE BT

1) &5 A Z i AERE B b FERB B £ R AE TR E AR il 340 ih 6 AR 55305, H 247 SMA 2
FEIRZAE TR AERE AR AR 150

2) RSB BL, F 5 A AR A FERE B A RE BUE IR AL T B RS R A A F e A e 5 Al W RS B B, RERE Bt
TR E FEREFAESAMEAS T . A AL SMA SCHEUR AR ALFERE AN A RE T, Il NILER AR TE

3) K SMA TR AT RO/ NS 43 H 2 A FERE B i BRI SR A AR IR R A 1 1 F A7 BE ) ANk 28 Bk
77 BER R s SRR TR ) R R R4 R A S AR R A A AR SR A AR TR, (B AR B 2 2 0 TE B Sk 52

4) FEFRFEIH R T B B ZAFERE BT T 26, 32 40 7885 F 52 0 FERE B e T B8 B BORIEE W B o B
F14) 55 A T 2 AR | SR A N 2544 (R BT RB 1R T A AT 4 AT 1) S AT B S

5) AL A BLEN X B A 4 H A FERE B AT R RE RN 1 1k 1 2E AL EA T T RS I B B BERNAE T RS B
BORER S B KR 22U 8.99% F1 4.68% , RVl 55 i afy s il 11 &2 (i FERE B k2 7

SE 3k
[1] W%, REbiR, FRk O CESMR RN IR KRB ], SRINEmitR, 2019, 21(2) . 1-14.

HU Shujun, XIONG Yuechen, WANG Zhan. Research status review on eccentrically braced frames[ J]. Progress in Steel Building Structures,
2019, 21(2): 1-14. (in Chinese)
[2] KEIVAN A, ZHANG Y F. Nonlinear seismic performance of Y-type self-centering steel eccentrically braced frame buildings[ J]. Engineering
Structures, 2019, 179 448-459.
REZAEIAN A R, SHAYANFAR M A, JELOKHANI P. The experimental study of eccentrically braced frames with double vertical links[ J].

Journal of Constructional Steel Research, 2022, 199. 107587.

(3]



555 # X AR AF BT RER S F R A FERE B [ E S T Ak ) 2 R 5 209

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

JEI, . B ST D A R DU K U By T R TR IR BT O (1] A2, 2019, 40(3) : 118-126.
ZHOU Ying, GU Angi. Displacement-based seismic design of self-centering shear walls under four-level seismic fortifications [ J]. Journal of
Building Structures, 2019, 40(3): 118-126. (in Chinese)
SR, RERERN, TrfR4r, 45 AKIRREMRIRBITIREE LA PR EREIRSR [ )], B RA2AA (TR , 2024, 46(1) : 29-36.
ZHANG Dashuai, XIONG Jingang, WAN Baojin, et al. Experiment on seismic performance of cement polystyrene insulation formwork concrete
columns[ J]. Journal of Nanchang University ( Engineering & Technology) , 2024, 46(1) ; 29-36. (in Chinese)
Bk, B, B AT RE D R AT S R (1] BRAH SR, 2019, 40(2) : 1-15.
LV Xilin, WU Dayang, ZHOU Ying. State-of-the-art of earthquake resilient structures| J]. Journal of Building Structures, 2019, 40(2) . 1-15.
(in Chinese)
NG, JRUIE, EEL Y R O SRR SR AR TR RE A I BT TR S [ T]. TR )4, 2017, 34(5) : 148-162.
LIAN Ming, SU Mingzhou, LI Shen. Performance-based plastic design method for y-type high strength steel composite eccentrically braced frames[ ] ].
Engineering Mechanics, 2017, 34(5) : 148-162. (in Chinese)
GB50010—2010 FFHLRBATHAL S]. 2016 4R, LBt EEF TR, 2010.
GB50010—2010 Code for seismic design of buildings[ S]. 2016th ed. Beijing: China Architecture & Building Press, 2010. (in Chinese)
JIX D, WANG Y D, MA Q F, et al. Cyclic behavior of very short steel shear links[ J]. Journal of Structural Engineering, 2016, 142(2) .
04015114.
AL, REHEN, Rt BT UIANERE R BN ) EERE M S M R AT ST J]. TR 1%, 2018, 35(8) : 144-153.
HU Shujun, XIONG Jingang, WANG Zhan. Study of mechanical properties and its influence factors for short shear links[ J]. Engineering
Mechanics, 2018, 35(8) : 144—153. (in Chinese)
ook, AR, AR, 5. RAMWERARCRACATREE L S i BIEREL 1], BB R i (TRR) , 2023, 45(1) : 44-50.
MA Yongchao, QI Ai, ZHENG Lianqiong, et al. Hysteretic performance of fabricated concrete joint restrained by steel sleeve[ J]. Journal of
Nanchang University ( Engineering & Technology) , 2023, 45(1) : 44-50. (in Chinese)
KHOO H H, CLIFTON C, BUTTERWORTH J, et al. Influence of steel shim hardness on the sliding hinge Joint performance[ J]. Journal of
Constructional Steel Research, 2012, 72, 119-129.
R YE, T, MR, 55 AT IR Y B i SO B AT S TR ERE RS [V ] BAE AR, 2019, 40(2) : 117-127.
ZHAO Junxian, YU Haichao, PAN Yi, et al. Seismic performance of sliding gusset connections in buckling-restrained braced steel frame[ J].
Journal of Building Structures, 2019, 40(2): 117-127. (in Chinese)
XU, RS, e, AF. AEFRYFLALR ARG e R R U [ V] CARGUR S EEGE , 2022, 44(6) : 37-44.
LIU Chao, ZHOU Zhigang, FANG Baohua, et al. Experimental study on mechanical performance of asymmetric slotted bolted connections[J].
Earthquake Resistant Engineering and Retrofitting, 2022, 44(6) . 37-44. (in Chinese)
SR, R, REVERI, . PALISR RN B R By T R SRS ()] RO TR, 2019, 35(3) : 73-82.
ZHANG Bo, HU Shujun, XIONG Jingang, et al. Study of mechanical model and influential parameters for a new type of SSL-SSBC[J]. World
Earthquake Engineering, 2019, 35(3): 73-82. (in Chinese)
HU S J, ZENG S Z, XIONG J G, et al. Seismic analysis and evaluation of Y-shaped EBF with an innovative SSL-SSBC[ J]. International Journal
of Steel Structures, 2020, 20(3): 1026-1039.
ZHOU H J, QI S K, YAO G Z, et al. Damping and frequency of a model cable attached with a pre-tensioned shape memory alloy wire:
Experiment and analysis[ J]. Structural Control and Health Monitoring, 2018, 25(2) . e2106.
K, Jelbeiny, BROE, 4. SMA-LRB 24 70 S0 R i L W U Sy WP T [ 1] . M TR TR S, 2022, 42(3) : 95-103.
MA Yongtao, LONG Xiaohong, CHEN Xingwang, et al. Seismic fragility analysis of continuous girder bridges with SMA-LRB[ J]. Earthquake
Engineering and Engineering Dynamics, 2022, 42(3): 95-103. (in Chinese)
QIU C X, ZHU S Y. Performance-based seismic design of self-centering steel frames with SMA-based braces[ J]. Engineering Structures, 2017,
130 67-82.
BOVE, 230, 2R BRI 4 A S ALRAESR RipUR HEREEUER I SR T[] SR TR, 2017, 33(3): 67-77.
QIAN Hui, XU Yiwen, LI Hongnan. Numerical simulation and parameter analysis of seismic performance of self-centering steel frame joints with
shape memory alloy tendons[ J]. World Earthquake Engineering, 2017, 33(3): 67-77. (in Chinese)
SUN G H, LIU H, LIU W Y, et al. Development, simulation, and validation of sliding self-centering steel brace with NiTi SMA wires[ J].
Engineering Structures, 2022, 256 1140609.
BB, i, REF, . R E AL SMA SCEMPURERESRII ST [ 1], TR A4, 2021, 38(1): 109-118, 142.
HU Shujun, GU Qi, JIANG Guoqing, et al. Experimental study on seismic performance for an innovative self-centering sma brace [ J].
Engineering Mechanics, 2021, 38(1): 109-118, 142. (in Chinese)
ZHANG B, ZENG S Z, TANG F H, et al. Experimental and numerical analysis of the mechanical properties of a pretreated shape memory alloy

wire in a self-centering steel brace[ J|. Processes, 2021, 9(1) : 80.



