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Research on laws of progressive collapse resistance of reinforced concrete
planar frame structures based on strain energy of members

BAO Yu, XU Bisheng, WANG Zhen, WU Bin, YE Zeyu
( Schoolof Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China)

Abstract; Progressive collapse is a nonlinear dynamic behavior of structural systems. In order to study the
progressive collapse resistance laws of reinforced concrete planar frame structures after failure of important
members, an important member identification method based on strain energy of members was proposed. The
effectiveness of the method was verified by taking a four-bay and eight-story reinforced concrete frame structure as
the target. It was found that the method identifies important members with high effectiveness. On this basis, eight
reinforced concrete frame structures with different beam spans or total number of floors were designed in accordance
with code. Firstly, important members were identified based on the above method and the adverse structural member
removal scenarios were formulated. Then, impacts of different total number of floors and structural span on
progressive collapse resistance capacity of reinforced concrete planar frame structures were analyzed by adopting the
nonlinear dynamic alternate path method. Finally, the approximate functional curve of reinforced concrete planar
frame structures between proportions of columns removed from ground floor and degrees of structural collapse was
fitted. The results indicate that after removal of center column at ground floor, structures are mainly carrying vertical

loads by ground floor frame beams, and frame beams of remaining floors cooperate with ground floor frame beams to
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support loads. The decrease in total number of floors and the decrease in span can increase redundant load carrying
capacity of structures, which has a positive effect on resistance capacity of frame structures to progressive collapse.
Frame beam span has a significant effect on degree of structural collapse and total number of floors has a limited
effect on degree of structural collapse. The relationship between proportions of columns removed from ground floor
and degrees of structural collapse of reinforced concrete plane frame structures can be approximated by a logistic
function.

Key words:; reinforced concrete planar frame structures; strain energy of members; nonlinear dynamic alternate

path method ; progressive collapse; degree of collapse
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Table 1  Degrees of structural collapse under single column and double columns removal schemes

PrrEg AL BE/ 1 FIRTRIEL/ % ek PR AL BE/ 1 FIRTR L/ %
3 1090 0.070( A:4) 3.2 3523 0.523 (A H))
2 1025 0.067 (A 4) 3.7 2777 0.352( A 4)
8 745 0.063 (A 4) 3.12 2270 0.251(AH)
7 691 0.060( A:45) 3.17 1886 0.194( A 4)
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Table 2 Degrees of structural collapse under three columns and four columns removal schemes

PrkEd's F PR AR RE/ T IR/ % PrkE o5 FHE R AR RE/ T B/ %
324 8020 75.122(3) 32.4.1 13194 87.823( 1)
329 6854 74.213(3) 3246 12344 87.064( 1)
32.1 6335 62.815(3) 3.2.4.11 11604 86.212( )
3.2.14 5956 72.437(3) 3247 10766 75.121(3)
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Fig.3 Relationship between strain energy of members and degrees of structural collapse
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Fig.4 Reinforcement details of beams and columns for structures of different total number of floors
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Table 3 Reinforcement details for structures of different beam spans mm
PRI RE FERGH RRAF YN A TR 48 1
4000 400x400 300x500 Ti2¢16,K2¢16 8416 8100 8100
5000 500%500 300x500 W2416,IK3¢16 12¢ 16 86100 8100
6000 600x600 300x600 Ti2¢18,iK4¢16 12418 8100 8100
7000 600x600 300x600 T0 2 ¢ 25,)iK 4 ¢ 20 12418 86100 8100
8000 800x800 400x720 T 4 $20,JK 4 ¢ 20 16 420 8100 8 d100
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Fig.5 Plan and elevation arrangement of frame structures
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Table 4  Strain energy of members in different columns removal schemes J
P E/mm =25
Pk r %

4000 5000 6000 7000 8000 42 8 2 12)2

VEX 142 268 460 1161 1278 115 460 1024
VERNE 453 872 1503 3859 4212 406 1503 3194
TRITE2FEA 1030 1981 3429 8914 9683 997 3429 7065
LEENE YNE LNE D 1684 3240 5656 14924 16304 1850 5656 11628
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Fig. 6 Deformation of frame beams in various stages
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Fig.7 Structural responses after the removal of the middle columns at the bottom floor of structures with different beam spans
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Fig.8 Axial forces of frame beams on each floor of structures with different beam spans
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Fig. 10 Curves of structural collapse degree
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