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Influence of Axial Compression Ratio to the Seismic Collapse Resistance

of RC Frame Structures

Tang Dai~uan Lu Xin—zheng Ye Lie-ping Shi Wei(Department of Civil Engineering Tsinghua University Key Laboratory of
Structural Engineering and Vibration of China Education Ministry Beijing 100084 China)

Abstract:The seismic collapse resistances of 24 reinforced concrete (RC) frame structures (in 7-degree seismic intensity zone with
different span storey height and storey number) which are designed according to the Chinese Seismic Design Code are analyzed with
fiber-beam element model and incremental dynamic analysis (IDA) that is recommended by ATC-63 Report. The results show that the
axial compression ratio of columns is the most important factor affecting seismic collapse resistance of these structures and there is a
negative linear correlation between axial compression ratio of columns and collapse margin ratio of structures. The upper limit of current
seismic design code is too big which mostly results in the lack of collapse resistance of frame structures. Then the axial compression
ratio of all structures is unified by adjusting their column size and the modified structures are analyzed again which show that by
controlling the axial compression ratio the seismic collapse resistance is obviously improved.
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1
Table 1 Parameters of each structural model
(m) (m) (m) (mm x mm) (mm x mm)
2.8.3.4 2.8 3 4 8.4 C30 400 x 400 300 x 550 0.39
2.8.3.6 2.8 3 6 8.4 C30 400 x 400 300 x 550 0.56
2.8.3._8 2.8 3 8 8.4 C30 400 x 400 300 x 550 0.73
2.8_6_4 2.8 6 4 16. 8 C30 550 x 550 300 x 550 0.41
2.8.6_6 2.8 6 6 16. 8 C30 550 x 550 300 x 550 0. 60
2.8.6_8 2.8 6 8 16. 8 C30 550 x 550 300 x 550 0.77
2.8.9 4 2.8 9 4 25.2 C30 600 x 600 300 x 600 0.53
2.8.9.6 2.8 9 6 25.2 C30 600 x 600 300 x 600 0.76
2.8.9.8 2.8 9 8 25.2 C30 700 x 700 300 x 600 0.74
~4 C40
2.8_12_4 2.8 12 4 33.6 600 x 600 300 x 600 0.52
C30
~4 C40
2.8_12_6 2.8 12 6 33.6 600 x 600 300 x 600 0.75
C30
~4 C40
2.8_12_8 2.8 12 8 33.6 700 x 700 300 x 600 0.73
C30
3.6_3 4 3.6 3 4 10. 8 C30 400 x 400 300 x 550 0. 40
3.6_3.6 3.6 3 6 10. 8 C30 400 x 400 300 x 550 0.57
3.6_3_8 3.6 3 8 10. 8 C30 400 x 400 300 x 550 0.74
3.6_6_4 3.6 6 4 21.6 C30 550 x 550 300 x 550 0.42
3.6_6_6 3.6 6 6 21.6 C30 550 x 550 300 x 550 0.61
3.6_6_8 3.6 6 8 21.6 C30 550 x 550 300 x 550 0.78
3.6_.9 4 3.6 9 4 32.4 C30 600 x 600 300 x 600 0.54
3.6_.9.6 3.6 9 6 32.4 C30 600 x 600 300 x 600 0.77
3.6.9_8 3.6 9 8 32.4 C30 700 x 700 300 x 600 0.75
~4 C40
3.6_12_4 3.6 12 4 43.2 600 x 600 300 x 600 0.53
C30
~4 C40
3.6_12_6 3.6 12 6 43.2 30 600 x 600 300 x 600 0.76
~4 C40
3.6_12_8 3.6 12 8 43.2 30 700 x 700 300 x 600 0.75
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Fig.1 Deformation and plastic hinges of representative structures during collapse
2 CMR
Table 2 Collapse margin ratios of structures
2.8m 3.6m
4m 6m 8m 4m 6m 8m
3 2.7 1.5 1.2 4.0 1.9 1.2
6 2.2 1.6 1.0 4.8 2.7 1.5
9 2.6 1.8 2.0 4.2 2.2 1.7
12 3.1 1.6 1.4 3.1 1.9 1.5
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Fig.2 Comparison for collapse fragility curves of structures with different span
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Fig.3 Relationship between CMR and axial compression ratio of the middle column of first floor
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Tab.3 Column size and maximum designed axial compression ratio of models that unified axial compression ratios
3 6 9 12

10 ~12 - - - 400 x 400
7~9 - - 400 x 400 550 x 550
4m 4~6 - 400 x 400 550 x 550 600 x 600
1~3 400 x 400 550 x 550 600 x 600 700 x 700

0. 40 0.42 0.52 0.52
10 ~ 12 - - - 500 x 500
7~9 - - 500 x 500 650 x 650
6m 4~6 - 500 x 500 650 x 650 750 x 750
1~3 500 x 500 650 x 650 750 x 750 850 x 850

0.37 0. 44 0.50 0.53
10 ~12 - - - 550 x 550
7~9 - - 550 x 550 750 x 750
8m 4~6 - 550 x 550 750 x 750 850 x 850

1~3 550 x 550 750 x 750 850 x 850 1000 x 1000
0.39 0.43 0.52 0.51
CMR 2.30 ATC-63 CMR 1.0 4.80 24 CMR
o 24 1. 00,
CMR 5.1 2.7 CMR
1. 88 24 CMR 0.61; CMR °
24 CMR 4.8
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Fig.4 Deformation and plastic hinges of representative structures that unified axial compression ratios during collapse

Table 4 Collapse margin ratios of structures that unified axial compression ratios

4

CMR

2.8m 3.6m
4m 6m 8m 4m 6m 8m
3 2.7 4.0 2.7 4.0 5.1 3.5
6 3.8 3.2 2.7 4.0 3.4 3.2
9 3.3 3.1 3.3 4.3 4.0 2.7
12 3.7 3.5 2.8 3.7 3.1 2.7
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Table 5 Collapse possibilities of structures under major earthquake( % )
2.8m 3.6m
4m 6m 8m 4m 6m 8m
3 4 24 34 0 14 43
6 6 19 48 0 2 19
9 0 8 16 2 4 15
12 4 9 21 0 5 6
3 5 0 0 0 0 0
6 0 0 0 0 0 3
9 0 0 0 0 0 0
12 0 0 0 0 0 0
6 ( $.(T,) =2.05,(T,) ) (%)
Table 6 Collapse possibilities of structures under great earthquake( %)
2.8m 3.6m
4m 6m 8m 4m 6m 8m
3 28 61 85 5 52 87
6 40 70 90 0 27 67
9 13 52 65 18 40 60
12 20 61 75 19 58 62
3 28 10 22 10 0 10
6 5 16 25 0 5 18
9 0 16 16 9 12 25
12 7 15 22 10 18 30
7
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