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Progressive Collapse Mechanism of Hybrid Structures
with Different Vertical Stiffness
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(School of Civil Engineering and Hydraulic Engineering s Ningxia University s Yinchuan 750021 , Ningxia s China)

Abstract: To investigate the antiprogressive collapse mechanism of hybrid structures with diffe-
rent vertical stiffness values, remaining structures with initial failure are subjected to nonlinear
static analysis, also known as the Pushdown method, through the alternate path method with
ANSYS/LS-DYNA. The collapse failure mode of remaining structures, the relationship between
load and deformation, the influence of the different positions of the initial failure column, and the
number of steel frame layers on the antiprogressive collapse performance of the structure are ana-
lyzed. Results show that the failure mode of the remaining structures during collapse is characte-
rized by typical ductile deformation and discontinuous displacement and stress distribution. Only

the collapse of the remaining structure with side column failure experiences the beam action
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mechanism. By contrast, all other remaining structures experience the beam action mechanism,

compressive arch action, and catenary action. The vertical bearing capacity of the remaining

structure is negatively correlated with the height of the initial failure column and is positively cor-

related with the number of steel frame layers. The antiprogressive collapse capability of the re-

maining structure can be effectively improved by providing sufficient lateral restraint and increa-

sing the number of alternate load paths in the remaining structures.

Keywords: different vertical stiffness; hybrid structure; progressive collapse; Pushdown method
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Table 1 Basic parameters of concrete
I WEBRE il 0 B PR B
/(kg e m~?) /GPa HEAH o f¢/MPa
2 300 23 0.2 30

BARE CH 89 9 1] 59 £33 1 4 A7) >R FH I 2 5 £k
XL P i 9 4 ( MAT _PLASTIC _ KINEMAT-
IC) , Ho W 78 %38 117 Cowper-Symonds 5 IH8 % i |
BB B S H 26 2 P g, b X SR M AR e
TR F B 0 A IR B PG 2 204 ) B R A 4 A
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®2 WHHHESH

Table 2 Material parameters of steel

HEE o A WA JeE AR B EIRIL fifi ft, i I B AR
/(kg * m®) E/GPa fy/MPa G/GPa 3}@(‘8 C P geff
ENi] 7 800 210 0.3 335 2.0 0 40 5 0.12
4 173 7 800 210 0.3 300 2.0 0 40 5 0.12
H A4 7 800 210 0.3 345 2.0 0 40 5 0.12
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