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Shaking table test on prefabricated steel frame structure with ribbed thin walls
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Abstract; To investigate the seismic performance of prefabricated steel frame structure with ribbed thin walls, a
full-scale two-story two-span structural model was designed and constructed, and shaking table tests of 12 test
groups were performed. Three seismic waves, i. e., El Centro wave, Taft wave, and an artificial wave, were
selected for the tests. Peak ground acceleration (PGA) increased from 0.07 g to 1.2 g gradually during the tests
process. Failure characteristics, dynamic characteristics, and seismic responses of the model were studied under
different working conditions. Results show that the model was in elastic state under frequent ground motion of 8
degrees, and the damage of the model mainly occurred in the ribbed thin walls, while the strain of the steel frame
was low under rare ground motion of 8 degrees. With the increase of PGA, the thin walls cracked gradually, and
the lateral stiffness of the model degraded gradually, while minor damage occurred in the steel frame. When PGA
reached 1.2 g, the lateral stiffness of the model decreased by 37.8% in X direction and 33.6% in Y direction.
During the whole tests process, the damping ratio of the model increased gradually between 4.29% and 7.19% ,
and the acceleration magnification factor of the model was between 0.93 and 2. 46, which was obviously lower than
that of traditional rigid structure. The maximum inter-story drift ratios of the model under frequent ground motion
and rare ground motion of 8 degrees were 1/868 and 1/220, which meet the drift ratio limits according to the design
code. The maximum inter-story drift ratio of the model under very rare ground motion of 9 degrees was 1/71, and
there was no danger of collapse, indicating good seismic performance. Hence, prefabricated steel frame structure
with ribbed thin walls can be applied in high seismic fortification intensity regions.

Keywords: concrete-filled square steel tubular column; ribbed wallboard; shaking table test; residual inter-story

drift; seismic performance
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Tab.1 Mix proportions of recycled aggregate concrete kg+m ™

42.58K06 MR BB BERLERE amed ksl ok

323.0 70.0  70.0 804.0 825.0 4.3 165.0
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Tab.2 Mechanical properties of steel

B E/GPa  f/MPa  f,/MPa  §/%

4.0 mm T EATAERE 207.6 373 444.3  21.5
4.8 mm JEfFFLHAR 204.8 324 430.6  28.9
4.0 mm KEAR 922 189.0 599 647.3 3.3
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Tab.3 PGA of all test groups
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7 7-17-2 0.70
8 8-18-2 0.80
9 9-19-2 0.90
10 10-1.10 -2 1.00
11 11-1.11-2 1.10
12 12-1.12-2 1.20 9 BN
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Tab.5 Natural frequencies and damping ratios of model

X 1) e
PGA/g

fu/Hz  fo/Hz (/% f,,/Hz fo/Hz (/%
Wil 5.49  15.52  4.29 5.73  15.93 4.38
0.07  5.46 15.46 4.39 569 15.62 4.44
0.20  5.41 1538 4.56 5.65 15.16 4.72
0.30 532 1527 4.85 5.5 14.99 5.05
0.40  5.22 14.88 4.99 547 14.83 522
0.51  4.92 1445 510 535 1479 5.36
0.62 475 13.48 5.23 5.17 14.57 5.47
0.70  4.62 13.01 5.34 497 14.34 5.59
0.80  4.55 12.57 5.47 4.86 14.19 5.74
0.90  4.50 12.41 5.84 4.79 14.02 6.14
1.00  4.44 12.14 6.16 4.76 13.89  6.60
1.10 440 12.06 6.50 4.71 13.77 6.98
1.20  4.33  11.93  6.73 4.67 13.74 7.19
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Fig. 8 Acceleration magnification factors of model
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Fig.9 Maximum inter-story drift of model
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