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Effect of Pu-zuo on progressive collapse of Chinese ancient timber

buildings of Jiangnan area in the Song & Yuan Dynasties

HUA Yiwei, CHUN Qing
(School of Architecture, Southeast University, Nanjing 210096, P. R. China)

Abstract: To study performance of the Chinese ancient timber buildings of Jiangnan area in the Song &
Yuan Dynasties in the progressive collapse resistance, the finite element models of a typical Chinese ancient
timber building and a corresponding building without Pu-zuo were established by the three-dimensional
scanning survey for further pushdown analysis, through which their main collapse mechanism and the effect
of the Pu-zuo against the progressive collapse were studied. The results show that: For Chinese traditional
timber buildings of the Jiangnan area in the Song and Yuan Dynasties, when a column suddenly fails, the

lateral components around it can provide multi-directional linkages to delay or prevent the progressive
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collapse. The existence of Pu-zuo improves the progressive collapse resistance of the whole structure. A

"truss-like" structure is formed among the Pu-zuo to transfer the extra load when the progressive collapse

happens, which effectively enhance the linkage and strengthen the alternative load path in the structure.

Thus, compared with the timber building without Pu-zuo, the bearing capacity of the typical Chinese

ancient timber building with Pu-zuo significantly rises, with increasing by 30% ~50%; Compared with the

failure of the middle columns, the failure of the side columns tends to result in the progressive collapse of

the building.

Keywords: Jiangnan area; traditional timber building; progressive collapse, mechanical mechanism; Pu-zuo
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Table 2 Values at the key points on the curves of the plastic hinges

Pl B T30 I 2P HETY LR AL BHETT S AR
A AL
P/P, u/uy M/M, /0, M/(kN * m) 0/rad M/ (kN « m) 0/rad

E' —0. 200 —8. 000 —0. 200 —2. 000 —0. 946 —0. 200 —1. 950 —0. 140
D’ —0. 200 —6. 000 —0. 200 —1.399 —4.120 —0. 200 —9.263 —0. 140
c —1.000 —6. 000 —1.079 —1.399 —5. 189 —0. 150 —11.213 —0. 080
B’ —1. 000 —1. 000 —0. 667 —0. 667 —4.730 —0. 060 —9.750 —0. 060
A 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
B 1. 897 1. 897 0. 667 0. 667 4,730 0. 060 9. 750 0. 060
C 0. 200 1. 897 1.079 1. 399 5. 189 0. 150 11.213 0. 080
D 0. 200 6. 000 0. 200 1. 399 4.120 0. 200 9. 263 0. 140
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Fig. 6 Diagram of the loading area in Pushdown analysis
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Fig. 10 Development of the plastic hinges in the case of the failure of middle column
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Fig. 12 Load-displacement curves in pushdown analysis
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Table 3 Load bearing capacity of two halls after the faliure of different coulmns
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Table 4 Deflection at the failed column in the two main halls under the dead-load case
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