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Hysteretic Performance of Hybrid Steel Beams
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Abstract: Four H-shaped steel beam specimens were designed and manufactured. The failure modes, hysteretic curves,
skeleton curves and ductility of specimens under different height-to-thickness ratio of web and strength grade
combination of steel were obtained through quasi-static experiments, so as to evaluate the hysteretic performance of
specimens. Then the finite element software ABAQUS was used to simulate and verify the experimental results. The
effects of different height-to-thickness ratio of web and strength grade combination on hysteretic performance of steel
beams were further supplemented by parametric analysis. The results show that, with the reduction of the height-to-
thickness ratio of the web, the ductility and energy dissipation capacity of the steel beams are improved, and the
degree of improvement of the ductility of the steel beams by increasing the thickness of the web is greater than the
degree of improvement of the ultimate load carrying capacity. Compared with the steel beams made of a single steel
grade, the ultimate load carrying capacity of the hybrid steel beam is improved by 17.4% , and the ductility is reduced

y 5.6%. With the increase of the strength grade of the flanges of the hybrid steel beam, the degree of improvement in
the ultimate load carrying capacity and the degree of reduction in the ductility increase continuously.

Keywords: hybrid steel beam; height-to-thickness ratio of the webj; ductility; hysteretic performance; strength grade of flange;

finite element analysis
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Table 1 Dimension of specimens

AHH5 h,/mm t,/mm b/mm /mm h,/t, A £

M-1 340 5 130 10 68.0 72.0 0.94
M-2 360 5 130 10 72.0 72.0 1.00
M-3 380 5 130 10 76.0 72.0 1.06
S-1 340 6 130 10 56.7 594 0.96
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Fig. 1 Overall dimensional drawing of the specimen
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Table 2 Material property test results

M A5 r/mm o/MPa o,/MPa f,/MPa f,/MPa E./GPa

Q235 5 298 428 235 375 213.6
338 478 210.4

Q345 345 470
10 344 524 206.3
Q420 10 427 505 420 520 211.7
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Fig.4 Arrangement of strain measurement points

(unit:mm)
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Fig.5 Phenomena of specimens
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Fig. 6 Comparison of hysteresis curves between FEA and

test of specimens
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Fig. 7 Skeleton curves of specimens
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Table 3 Ductility coefficient of specimens
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Fig.8 Finite element model boundary condition
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FEA and test of specimens
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Table 4 Comparison of ultimate loads between

FEA and test of specimens

X5 Py /KN P, rpu/kN Opa/ Y
M-1 172.8 161.2 —6.7
M-2 161.2 154.0 —4.5
M-3 177.5 163.9 —7.7
S-1 190.4 174.2 -85
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Table 5 Dimension of specimens

gig: A% I};Wn/l r;r/n hty Ak
340 6 567 0.96
260 6 43.3 0.73

Q355 Q355 200 6 333 594 0.56
340 8 425 0.72
340 10 34.0 0.57
410 6 683 0.95
310 6 517 0.72

Q235 Q355.Q420.Q460 240 6 40.0 72.0 0.56
410 8 513 0.71
410 10 41.0 0.57
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Fig.11 Equivalent viscosity coefficient

calculation sketch
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Table 6 Calculation results of all specimens in parameter analysis

iij;i fii; ho/mm ¢,/mm  P,/kN he £ wd% wa/% v/ we/ % ve/% v/ %
340 6 142.6 0.370 3.84 — — — — — —

260 6 102.6 0.409 4.72 —28.1 10.5 22.9 — — —

Q355 Q355 200 6 73.9 0.429 5.39 —48.2 15.9 40.4 — — —
340 8 160.3 0.395 4.72 12.4 6.8 22.9 — — —

340 10 176.2 0.416 5.55 23.6 12.4 44.5 — — —

410 6 170.3 0.372 3.78 — — — 19.4 0.5 —1.6

310 6 117.6 0.409 4.67 —30.9 9.9 23.6 14.6 0 —1.1

Q355 240 87.2 0.413 4.88 —48.8 11.0 29.3 18.0 —3.7 —9.5

410 8 190.8 0.406 4.49 12.0 9.1 18.7 19.0 2.8 —4.9

410 10 204.1 0.424 5.04 19.8 14.0 33.5 15.8 1.9 —9.2

410 6 187.9 0.378 3.17 — — — 31.8 2.2 —17.4

310 6 134.6 0.402 3.71 —28.4 6.3 17.2 31.2 —1.7 —21.4

Q235 Q420 240 6 98.1 0.426 4.48 —47.8 12.7 41.4 32.7 —0.7 —16.9
410 8 209.9 0.390 3.69 11.7 3.2 16.7 30.9 —1.3 —21.8

410 10 224.1 0.418 4.64 19.3 10.6 46.6 27.2 0.5 —16.4

410 6 201.7 0.358 2.76 — — — 414 —3.2 —28.1

310 6 143.0 0.408 3.60 —29.1 14.0 30.4 39.4 —0.2 —23.7

Q460 240 105.0 0.411 3.69 —47.9 14.8 33.6 42.1 —4.2 —31.5

410 8 223.9 0.406 3.46 11.0 13.4 254 39.7 2.8 —26.7

410 10 239.2 0.407 3.72 18.6 13.7 34.7 35.6 —2.2 —33.0
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Fig. 12 Skeleton curves of specimens with Q235 web
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