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Abstract:In the last decade because of the frequent occurrence and great harm brought by the pro-
gressive collapse of structures, this problem has attracted increasing attention in the engineering
field and has become a hot research issue worldwide. Progressive collapse is defined as a situation
where the local failure of a primary structural component leads to the collapse of the whole struc-
ture. A safe and robust structure is able to bear the required loads to prevent complete collapse.
Researchers have suggested a number of ways to ensure that buildings of significant size can
absorb local damage and resist progressive collapse. However, the source and magnitude of the
loads may differ, so it is impossible to design and construct structures that can guarantee absolute
safety. Although much work has been done in the field of structural robustness, the term used for
structural property prevents progressive structural collapse and is still in the exploration stage. So
far, there is no clear definition or accepted parameters to quantitatively evaluate structural
robustness. In this study, we describe the progressive-collapse resistance robustness of a frame

structure and propose a target-oriented component vulnerability coefficient in combination with an
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internal force feature of the frame structure during the collapse process. Additionally, we improve

an existing structural robustness coefficient. Furthermore, we verified the practicability of our

proposed method by computing a finite element model of a reinforced concrete frame structure

using the finite element analysis software, SeismoStruct V6.5. Our results show that structural

robustness is relative and can be enhanced by reducing the member vulnerability coefficient of

important columns. Under the same load, the vulnerability coefficient of the frame columns can

be segregated as the middle, side, and corner columns, and the member importance coefficients

have the opposite values. Components with large vulnerability and important coefficients should

be protected to ensure structural robustness.

Key words: frame structure; progressive collapse; structural robustness; vulnerability coefficient

of member; importance coefficient of member
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Fig.1 Plan view of the RC frame structure (Unit: m)
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Table 1 Information of earthquake records

w5 wEsp v RS WRELR
& i Wi 26 /km PGA /gal
acc-1  Northridge01 6.69 CDMG24278 20.72 568.3
acc-2 Chi-chi 7.62 TCU095 45.29 711.6
acc-3 Loma Prieta 6.93  USGS1662 76.97 259.8
acc-4  N.Palm Springs 6.06 USGS-5072 4.24 602.2
acc-5 Imperial Valley-06 6.53 USGS-5054 6.20 686.1
acc-6 Chi-chi 7.62 CHYO028 8.72 790.4
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Table 2 Member vulnerability coefficients

Mo Bl id 5%
acc-1  acc-2  acc-3  acc4  ace-5  acc6
0.168 0.171 0.198 0.244 0.236 0.357
0.200 0.240 0.253 0.344 0.267 0.405
0.221 0.316 0.301 0.395 0.297 0.433
0.152  0.121 0.137 0.168 0.211 0.201
0.176  0.179 0.181 0.245 0.240 0.237
0.195 0.243 0.219 0.285 0.265 0.256
0.173 0.217 0.184 0.255 0.269 0.443
0.188 0.261 0.204 0.306 0.281 0.500
0.190 0.280 0.212 0.332 0.284 0.535
0.150 0.178 0.120 0.167 0.246 0.233
0.161 0.210 0.134 0.204 0.255 0.276
0.162 0.224 0.141 0.223 0.257 0.296
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Fig.2 Curve of member vulnerability coefficients
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