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Elastoplastic time history analysis of unidirectional
prestressed concrete space frame

Jian Bin, Tang Tiantian, Huang Peng
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Area of the Ministry of Education, Chongqing University, Chongqing 400045, P. R. China)

Abstract: Four unidirectional prestressed space frames set at the critical height (24 m) and the critical span
(18 m) were designed according to the Chinese codes, including two frames of the second, third seismic
grade in intensity-category seven and two frames of the first, second seismic grade in intensity-category
eight ("strong column-weak beam" in the middle nodes of the first seismic grade frame was weakened by
the suggested method), based on the OpenSEES framework, elastoplastic time history analysis method was
used to analyze the structural seismic performance and capacity under the bi-directional seismic waves. The
results showed the yielding degree of every frames in both directions was acceptable and the global seismic
capability was good. Besides, the frames which took a lower seismic grade had a slightly larger global
seismic response. but the difference was not obvious. An ideal “beam hinge mechanism” was formed in the

direction of RC frames and a “column hinge mechanism” was formed in the direction of PC frames, the
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lateral stiffness and seismic capability of PC frames were better than RC frames’. The PC frame of the first

seismic grade formed hinges in middle columns effectively after weakening" Strong Column-Weak Beam",

but hinges in side columns were still unavoidable, thus it was considerable to strengthen side columns.

Keywords: prestressed concrete; spacial frame;

seismic response
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Table 1 Examples of UPC frames
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Table 3  Unilateral reinforcement area of ‘4-B column’

along Y direction in YKJ1
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Table 4 Basic data of seismic waves chosed

%5 7% A PR IR R Al/g Avnax/g
wavesl Loma Prieta 14.5 6.9 0. 443 0.529
waves2 Coyote Lake 7.5 5.7 0. 339 0.211
waves3 Coyote Lake 6.0 5.7 0.272 0.229
wavesd  Imperial Valley 21.9 6.5 0.139 0.117
wavesd Loma Prieta 64.4 6.9 0. 329 0. 236
waves6 Loma Prieta 32.6 6.9 0.091 0.112
waves? N. PalmSprings 16. 6 6.0 0.158 0. 187
waves8 Loma Priea 6.0 5.7 0.339 0.211
waves9 Coyote Lake 7.5 5.7 0.272 0.229
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waves10 Loma Prieta 64,4 6.9 0.139 0.117

wavesl1 Superstitn Hills(B) 18,2 6.7 0.329 0.236

waves12 Northridge 13.0 6.7 0.091 0.112
wavesl3  Imperial Valley 23.8 6.5 0.128 0.078
wavesl4 Northridge 56.1 6.7 0. 100 0.08
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Fig. 2 Average acceleration response spectrum
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Table 5 Average value of YKJ1~YKJ4’s

response under rare earthquake
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Table 6 The general situation of plastic hinge formed in

YKJ1~YKJ4 under rare earthquake
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YKJ1 50.7 0.2 28.6 4.22 12.7 8.5 10.94 0.01 7.36
YKJ2 49.8 1.8 29.3 4.59 12.1 8.3 10.43 0.24 9.08
YKJ3 31.6 0.0 17.8 0.10 2.7 1.4120.5 0 21.27

YKJ4 31.6 0.0 17.8 0.82 3.0 1.9 30.02 0 11. 27
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Fig. 5 Forming positions of rod-end maximal rotations and ductility
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Table 7 The average maximal rotations and ductility in the rod end
FF i d5e K 1 S 4 {8/ rad T i B K J A S P SR 3 B
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RC %t PC % X Ak Y [ b RC % PC % X w4 Y [ kE
YKJ1 0.007 25 0.002 24 0.007 77 0.008 75 1. 965 1. 006 1.737 1. 886
YKJ2 0.007 24 0.002 13 0.008 14 0.008 22 1. 948 1. 302 2.169 1.676
YKJ3 0.005 15 0. 006 47 0.007 84 1. 957 1.038 1. 251
YKJ4 0. 005 10 — 0. 006 62 0.008 01 1. 954 — 1. 386 1. 250
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