%39 5% 5 T RAREHRE KK I Vol. 39 No. 5
2017 % 10 A Journal of Civil, Architectural & Environmental Engineering Oct. 2017

doi:10. 11835/j. issn. 1674-4764. 2017. 05. 002

ﬁ@ﬁ*%mﬁﬁ*biﬁfﬂﬁ@iﬁqm
J1 7V fie BUE 50 B
B R ERE I KR

(1. HHRBRF a. EARAIERFZR; b REIRHE RN B ETELFEEE.RH 610031;
2. BB RXFHRE PR, KA 610400)

M OE.vHEAAREMGTRUEAMCEF TR A ERY X, B R X\A 4 PR
EF ABRBFRBBOM CESFCEFIBAFRT L . Fam oL ok SR A RATBE
AR A RIS B IS E T A FRUAE A 69 A M, 5t o AT X B AP S A AR s AT B AR TR R R
S BHERTH M., FREREAN ARG EAMERN T, b T e sty o i 4
BE LS F BN EA — AT R BB, F R R AR A e S K 29,9505 £
KEKAREF BN T . HBA ARG XA e, Y RN BB F LR S 2 %4
ERK,

KER T EAREHM ;oo

mE 4K E . TU366. 2 MEAREB A XEHE:1674-4764(2017)05-0009-07

Numerical analysis of mechanical behavior of Tou-xin-zao and Ji-xin-zao
tou-kung in Chinese ancient timber structures
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(1a. School of Civil Engineering; 1b. Key Laboratory of Seismic Engineeing of Sichuan Province, Southwest Jiaotong University,

Chengdu 610031, P. R. China; 2. Southwest Jiaotong University Hope College, Chengdu 610400, P. R. China)

Abstract: Tou-xin-zao and ji-xin-zao are the two basic forms of tou-kung in Chinese ancient timber
structures. To study the mechanical performance of the two types of tou-kung, finite element models are
established for the typical tou-xin-zao and ji-xin-zao tou-kung in Raoyi Temple. The models are verified
with previous experimental results and then subjected to vertical loading and horizontal low frequency cyclic
loading, respectively. The finite element analysis shows that under vertical loading. the ji-xin-zao tou-kung
experiences a strength hardening stage, with the ultimate bearing capacity 29. 9% higher than that of tou-
xin-zao tou-kung. It was found that the additional structural members (heng-gong) in ji-xin-zao tou-kung
contributed to the higher bearing capacity. Under horizontal cyclic loading, the two tou-kung types behave equally

well in terms of energy dissipation performance and both exhibite relatively plump hysteresis loops.
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Fig.1 Tou-kung on column sketch

(East Hall of Foguang Temple)
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Fig.2 Plan view of the Main Hall of Raoyi Temple
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Table 1 Elastic material paramenters of Spruce
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Fig. 5 Dimensions of individual Tou-kung components
(Main Hall of Raoyi Temple)
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Fig. 6 Finite element models of Ji-xin-zao and Tou-xin-zao
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A7 R TT AL Hh R A5 Y f b 9 S T AT 4% 15 A Y
XY ZJria B A b AT A0 B S A R
A7 A T (9 g 2 Pk RE I K 158 T 1) (9 46 v )

A Ay 49 A7 A 8t 0 T S SR . 43 A S AR TR KSR
JE B2 A AR T 1 D0 2 M RR B S Sl it o 158 1) £ 2K
F2 5 2R B Ar 2825 it o N 1) 152 B, B — A far 225 1 4r
B 38 8 — F A 1 faf 2% 25 2 Wi n

2.2 #EEIWIGIE

2.2.1 XBBAURAARARR g f &% %R
SURBE I 3 P A 0 S ML < R S B AR S AL 5% A
Bl 1 S AL I U 0 SR AR L R AT TR 1) ef 48 B K P
I8 B 5 fr A R M B8 A 5T . 3% 3 Sl A 43 5l
P 1 300 47 R B ) A K 50 A AR A R SR P 1A T
VEo RBEA BR e 8 By ik 1) I M L 42 B SCaik[6 ]
Hh R B ARIE AT S AR S Ak 1 a0 A R R 4R R A
BRITHER A ANSYS X128 Sk Al 1 4 AR 47 188 1) i 2 2
IR B 52 405 BAE T 1932 153 M. SH A A R
JCHERY LI 7 () 293 5 i B 45 WL 7(b)

(b) AR A R4

(a) SHAEEASE Y A 4
7 BMEAREHLHEESIHNERTRE

Fig. 7 Finite element model (FEM) of tou-kung-on-column

in Yingxian Timber Pagoda
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Fig. 8 Comparsion of load-displacement curves for

test and FEM results under vertical loading
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Fig. 9 Comparsion of hysteretic curves for test and

FEM results under low frequency cyclic loading
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Fig. 10 Load-displacement curves for tou-xin-zao

and ji-xin-zao tou-kung
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Fig. 11 Simplified load-displacement curves for
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Table 3 Hysteretic energy dissipation factor

of Tou-xin-zao and Ji-xin-zao tou-kung
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