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Experimental study on seismic performance of variable
cross-section replaceable link

LI Shen, DING Qi, DU Ningjun, LI Xiaolei
(School of Civil Engineering and Architecture, Xi’ an University of Technology, Xi’an 710048, China)

Abstract: This paper presents a novel type of replaceable shear link with a variable cross-section. The proposed
design involves expanding the cross-sectional area and employing fully bolted connections to the non-energy-
dissipating components. This design approach not only facilitates the concentration of plastic deformation within the
energy-dissipating region but also ensures easier implementation of elastic design due to the bolted connections. To
assess the seismic performance of the variable cross-section replaceable link, three distinct section configurations
were designed for cyclic loading tests: a low-yield-point ( LYP160) specimen without weakening in the energy-
dissipating region, a (235 ordinary steel specimen with an opening in the energy-dissipating region, and an
ordinary steel specimen with a long oval opening in the energy-dissipating region. Through the cyclic loading tests,
the seismic performance of the replaceable shear link was examined thoroughly. The experimental results indicate
that plastic deformation primarily occurs within the energy-dissipating region, with buckling and tearing observed
around the openings in this region as the primary failure characteristics. The low-yield-point specimen exhibits an
overstrength coefficient exceeding 3.0, featuring a complete hysteresis curve, superior energy dissipation capacity,
and a plastic rotation of 0.18 rad. Although the specimen with elongated openings demonstrates significant

overstrength coefficient and plastic deformation capacity, its energy dissipation capability is compromised due to the

Y B H:2023-09-18; {&[E HEF:2024-01-27

E£TH . HEARPFELSHFILLTH (52108175)

EEBMN .2 1(1986—) , 5, PRI 184, 2 NSRS PR R 2 M U 2R LU B nT IR B T g 4544 Jr T A5
E-mail : lishen2861@163.com



5 6 11 PR AR R SRR RE R BB MR RE I SR T 5T 215

weakened section. The specimens with circular openings exhibit an initial elastic stiffness similar to that of the low-
yield-point steel specimens, surpassing the stiffness of the specimens with elongated openings by approximately
84%. These findings provide valuable insights for applying variable cross-section replaceable links.

Key words: variable cross-section replaceable link; energy-dissipating region; seismic performance; overstrength

coefficient ; plastic deformation
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Fig.1 Specimens design
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Table 1  Details of specimens
N £ e 7 L . FERERBLK B o .
= E=N b Y7k I L X I ' ” 3
RIS FERE R B (FERRIX ) /mm CFEREIX B K ¢),/mm WAE &
C-VRL H350x150x6x8( H250x150x6%8) 1110(420) Q235 5] FL 1 55
LC-VRL H350x150x6x8( H250x150x6%8) 1110(420) Q235 K IRFLE 55
LYP160 H350%150x6x8 ( H250% 150%6x8) 1110(420) LYP160 ENIEE
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Table 2 Test results of steel properties

A PERE ¢/mm E/(x10° MPa) S,/ MPa fo/MPa K1 8/ %
0235-6 5.40 2.07 335.4 457.3 0.73 26
0235-8 7.70 2.04 332.2 485.1 0.68 29

LYP160-6 5.92 1.57 144.4 275.6 0.62 51

LYP160-8 7.92 1.27 143.0 269.0 0.53 49
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Table 3 Performance index of skeleton curves

P W e e s WA K e B . PF,
(kN/rad) 6,/% F,/kN 0./%  F,/kN 0./%  F,/kN

LC-VRL iE 16.15 0.0270 151.0 0.09 191.0 0.19 184.0 7.04 1.260

il 17.02 0.0290 182.0 0.09 224.0 0.19 220.0 6.55 1.230

Bl 16.59 0.0280 166.5 0.09 207.5 0.19 202.0 6.80 1.245

C-VRL iE 31.70 0.0280 262.0 0.09 325.0 0.13 286.0 4.84 1.240

il 29.41 0.0250 281.0 0.09 344.0 0.13 282.0 5.10 1.220

HMH 30.56 0.0265 271.5 0.09 334.5 0.13 284.0 4.97 1.230

LYP-VRL iE 30.30 0.0230 266.0 0.15 375.0 0.17 371.0 7.39 1.410

il 31.66 0.0280 325.0 0.15 429.0 0.15 418.0 5.35 1.320

¥fE 30.98 0.0255 295.5 0.15 402.0 0.16 394.5 6.37 1.365
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Fig. 11  Stiffness degradation curves
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Table 4 Load bearing capacity and deformation ability of the enengy dissipation beam section
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