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ELASTIC-PLASTIC DYNAMIC ANALYSIS OF COLD-FORMED
THIN-WALLED STEEL FRAMING SYSTEM OF LOW-RISE RESIDENTIAL
BUILDINGS WITH COMPOSITE WALL

SHI Yan-1i'"?, WANG Wen-da'?, JIN Yao®

(1. Key Laboratory of Disaster Prevention and Mitigation in Civil Engineering of Gansu Province, Lanzhou University of Technology, Lanzhou, Gansu 730050, China;

2. College of Civil Engineering, Lanzhou University of Technology, Lanzhou, Gansu 730050, China)

Abstract: The seismic behavior of the cold-formed thin-walled steel framing system of low-rise residential
buildings is essential for their wide application. A numerical model was developed to simulate the performance of
this type of structures using ANSYS. The steel members and the holes at doors or windows with or without the
stiffened ribs, and the frames with or without composite walls were considered. Static and elastic dynamic time
history analysis were performed under frequent earthquake based on the design earthquake intensity 7, and
elastic-plastic dynamic time history analysis was performed under rare earthquake based on the design earthquake
intensity 7, 8 and 9, respectively. It is shown that the elastic story-drift of the structure was determined by the
wind loads mainly under the loading combination with frequent earthquake action, and the elastic-plastic
story-drift was determined by the loading combination with rare earthquake action. There are singificant
differnence in the bearing capacity, deformation and seismic performance of the structural system with or without
the composite walls. The maximum elastic-plastic story-drift of the structures was satisfied with the requirement

of the current design code under rare earthquake in general. The type of structural system with OSB composite
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wall and stiffened corner columns exhibited excellent seismic behavior. This paper provides reference to further
research on seismic performance and practice of this type structures.

Key words: cold-formed thin-walled steel; low-rise light-weight steel structure; numerical simulation; seismic

performance; elastic dynamic time history analysis; elastic-plastic dynamic time history analysis
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Table 1 The properties of materials
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Fig.1 The finite element model of four different structural

systems
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Table 2 The natural period of the structures
1 2 3 4
1 0.3154 0.2397 0.2267 0.2241
2 0.3151 0.2396 0.2265 0.2238
3 0.3151 0.2396 0.2264 0.2237
4 0.3150 0.2396 0.2263 0.2236
5 0.3150 0.2395 0.2263 0.2236
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Table 3 Comparison with the maximum axial force of typical members

3

/KN /KN /KN /KN
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
S1 -16.58 -10.18 -8.84 -7.56 -16.58 -9.63 -783 -693 -1098 -8.55 -6.81 -577 -1098 -748 -580 -6.67
S2(x+ ) -26.79 -2037 -19.86 -19.37 -26.79 -19.98 -1832 -17.27 -19.79 -19.22 -18.09 -15.19 -19.79 -1886 -17.15 -13.11
S2(x— ) -25.44 -17.77 -19.32 -19.65 -2544 -15.62 -1481 -17.15 -1833 -17.93 -16.47 -15.05 -1833 -16.61 -1442 -12.95
S2(z+ ) -26.03 -19.33 -18.49 -13.38 -25.67 -15.79 -1435 -1037 -19.87 -14.66 -10.21 -13.69 -19.87 -1435 -11.34 -10.69
S2(z— ) -27.31 -19.98 -18.74 -13.67 -2731 -19.47 -18.53 -1039 -20.16 -16.78 -14.39 -1522 -20.16 -14.32 -10.25 -13.40
S3(x ) 2243 -1834 -16.52 -1321 -23.56 -17.99 -15.74 -11.43 -1932 -17.38 -14.67 -13.66 -19.09 -18.12 -14.33 -13.19
S3(z ) -23.11 -19.04 -1597 -13.09 -2437 -18.72 -16.01 -11.29 -19.48 -18.11 -15.12 -13.38 -19.66 -18.67 -1549 -12.95
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Table 4 Comparison with the maximum drift
1 2 3 4
UX/mm UY/mm UZ/mm UX/mm UY/mm UZ/mm UX/mm UY/mm UZ/mm UX/mm UY/mm UZ/mm
S1 1.31 -15.81 -1.49 0.96 —13.74 -0.99 0.29 —12.87 -0.42 0.24 —6.36 -0.23
S2(x+ ) 247 —6.74 -2.58 1.65 —5.62 -1.74 1.22 -3.10 —-1.58 1.10 —2.28 -0.74
S2(x— ) -1.52 —4.98 0.54 —0.83 -3.78 041 —0.94 -1.38 0.54 —0.85 —-2.37 0.73
S2(z+ ) 1.17 -7.53 -9.47 0.77 -5.49 —7.86 0.39 -5.59 -5.38 0.32 —4.85 -0.30
S2(z— ) -1.23 —7.86 12.72 -0.79 -5.81 7.64 —0.38 -5.61 5.98 -0.31 —491 337
S3(x ) 0.99 —4.32 0.72 - —2.12 0.32 - -1.63 0.28 - -1.18
S3(z ) —0.83 3.79 —0.67 — 1.56 —0.31 — 1.12 —0.17 — 1.27
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Fig.2 Comparison of displacement time history curves under

TAFT earthquake wave (PGA=0.035g)
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Table 5 Comparison with the maximum drift of the structures
1/ 2/ 3/ 4/

/g mm mm mm mm

TAFT 0.035 X 22.01 12.37 6.31 3.19

z 18.26 8.42 3.49 2.57
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Fig.6 Comparison of the displacement time history curves of
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Fig.7 Comparison of the displacement time history curves of
structures under 9 degree rare earthquake (PGA=0.62g)
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Table 6 Comparison with the maximum drift of the structures
3 4
X 11.54 4.52
0.22g
z 11.75 -8.97
X 14.89 8.27
0.4g
z -34.98 -26.91
x 46.18 23.53
0.62¢g
z 37.86 -26.91
X -10.57 -3.83
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z 9.24 7.88
-35. -12.82
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z -35.37 9.01
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Fig.8 Comparison with the elastic-plastic story-drift of the

structures under rare earthquakes
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Table 7 Comparison with the maximum elastic-plastic

story-drift of the structures

3 4
x 0.0034 0.0032 0.0012 0.0045
0.22¢g
z 0.0036 0.0054 0.0021  0.0033
04 x 0.0021 0.0066 0.0031  0.0034
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