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Study on seismic behavior of K-eccentrically braced steel
structures with multi-shear links

YU Haifeng, WU Yangzhou, MA Kang. WANG Yan
(School of Civil Engineering, Hebei University of Science and Technology, Shijiazhuang, Hebei 050018, China)

Abstract: To solve the problem of higher selected seismic effect value caused by the ductility of eccentrically braced steel structures,
the seismic performance of the eccentrically braced structure with shear multi-links was studied. On the basis of the test model, the link
cross section was designed into a multi-link model based on the constant shear area of the link web. Then eight multi-link numerical
models were established by using ABAQUS finite element, and monotonic loading analysis and cyclic loading analysis were performed
respectively. The changes of failure modes, hysteresis curve, bearing capacity, stiffness and energy dissipation capacity with the number

of links were analyzed. The results show that the plastic deformation of the link is fully developed, which effectively protects other
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non-energy dissipation members; the bearing capacity. yield displacement and energy dissipation capacity of the structure are better
than those of the single link mode; The difference in initial stiffness of each multi-links model is within 4 % , which is smaller than that
of single-link model. but the multi-link model can delay the degradation rate of stiffness. The proposed model can improve the seismic

performance and has some reference for actual engineering application.

Keywords: structure design; eccentrically braced steel structure; shear link; web shear area; multi-links; seismic performance
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Tab.1 Material test results

HJE /mm fy/MPa f«/MPa e, X103 E/MPa 0
6 308 426 1.54 201 000 21.7
8 270 433 1.38 203 000 19.8
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Fig.2 Finite element model
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Fig.3 Reliability verification of finite element results
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Tab.3 Link design parameter table

BB S FERER A R FRERBRZWHA/mm?  H—f AERRH
L1 H150X130X6X8 804 1.00 1
L2 H79X80X6X6 804 1.00 2
L3 H56 X80 X6X6 792 0.99 3
L4 H45X80X6X6 792 0.99 4
L5 H39 X 80X6X6 810 1.01 5
L6 H34 X80 X6X6 792 0.99 6

a) L1 b) L2-1 e) L2-2 d) L3-a
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Fig.4 Schematic of link cross-section
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Tab.4 Feature point response
T 245 P, A, 0. P, A, P, Ay 0, “
L1 372 10.5 1/142 559 63.7 474 68.9 1/21.7 6.56
L2-1 380 12.5 1/120 573 69.8 487 73.3 1/20.5 5.86
1.2-2 377 11.9 1/126 553 69.2 470 73.4 1/20.4 6.17
L3-a 399 16.1 1/93.2 583 70.4 495 75.2 1/19.9 4.67
L3-b 384 12.0 1/125 571 73.3 485 84.7 1/17.7 7.06
14 394 12.4 1/120 577 65.1 493 69.9 1/21.4 5.63
L5 401 11.8 1/127 575 61.4 488 66.4 1/22.6 5.62
L6 408 11.2 1/134 570 59.2 484 64.2 1/23.4 5.73
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Fig.8 Hysteresis curve
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Fig.9 Skeleton curve and stiffness degradation curve
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Tab.5 Stiffness degradation analysis
FE R Gt 5 K, Ks EALE N 8 mm BRI R LR % K32 Tz A2 # A 32 mm AR AR 1L R %
L1 93.7 51.5 0.45 16.9 0.81
L2-1 77.2 47.3 0.38 16.1 0.79
1L2-2 77.2 47.5 0.38 16.1 0.79
L3-a 78.7 49.2 0.38 16.1 0.79
L3-b 77.2 49.8 0.35 16.1 0.79
L4 74.5 49.6 0.34 16.9 0.77
L5 75.9 19.3 0.35 17.0 0.77
L6 75.9 48.9 0.35 17.8 0.76
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Fig.10 Energy absorption
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Tab.6 Equivalent viscous damping coefficient

55 "
L1 L2-1 1L.2-2 L3-a L3-b 14 L5 L6
A, 0.220 0.164 0.167 0.162 0.161 0.150 0.147 0.138
24, 0.325 0.327 0. 331 0.329 0.336 0.327 0.332 0.325
34, 0.405 0.401 0. 401 0.399 0.401 0.401 0.400 0.393
1A, 0.432 0.430 0. 435 0.445 0.449 0.448 0.442 0.437
54, 0.430 0.444 0. 456 0.453 0.457 0.458 0.450 0.448
6A, 0.429 0.466 0. 471 0.454 0.462 0.466 0.458 0.457
A, 0.433 0.472 0. 472 0.455 0.458 0.453 0.507 0.560
8A, 0.438 0.477 0. 471 0.448 0.443 0.438 0.453 0.448
94, 0.439 0.462 0. 454 0.437 0.426 0.559 0.438 0.423
104, 0.436 0.439 0. 434 0.434 0.458 0.464 0.433 0.423
114, 0.437 0.418 0. 412 0.543 0.492 0.443 0.421 0.422
3 & g
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