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Experimental study on loading quasi-static of a full-scale
traditional Chinese rocking timber structure

CAO Yifan, WAN Jia, SHI Xiwang, WEI Jianwei, LI Tieying
(College of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024, P. R. China)

Abstract: Rocking timber frame 1s the main bearing system of Chinese traditional timber structure. The pseudo
static test was carried out on the full-scale single-span timber frame model under three-level vertical load. The
displacement and deformation characteristics of the timber frame during the test were observed. The hysteretic
curve and skeleton curve of the timber frame under low cycle horizontal cyclic loading were obtained to explore
its structural characteristics under different vertical loads and low cycle horizontal cyclic loading. In the loading
process, the column rocks and the deformation of the column frame layer are concentrated, and the test object
can return to the initial position independently in the unloading stage. The test result shows that the hysteresis
loops of each stage are long, narrow and overlap. The equivalent stiffness degrades significantly, and the
equivalent viscous damping coefficient is low; the residual displacement is between 0.28 mm and 2.53 mm, and

the two displacement recovery coefficients are greater than 87.1%. The two type of displacement recovery
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coefficient does not decrease significantly with the increase of control displacement, so the displacement

recovery ability of timber frame is good; the initial stiffness tends to be stable when the control displacement

exceeds the yield displacement; the deformation of column frame layer is 2.95 to 86.47 times that of dougong

bucket layer. The concentration coefficient of interlayer displacement is between 1.22 and 2.03, which first

increases and then decreases with the increase of control displacement.

Keywords: traditional timber structure; rocking timber frame; recoverable functional structure; displacement

recovery coefficient; concentration coefficient of interlayer displacement
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Fig. 1 Single-span model of Song Dynasty
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Table 1 Sizes of the main elements for test model
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Fig.2 Overview of test model
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Fig.3 Loading and displacement measurement system
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Fig. 5 West column (column 2) under 3rd levels of vertical load
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Fig. 6 Tenon pulling of dovetail tenon under three levels of vertical load (column 1)

2.1.4 M4RIFHYG

ST 3G H I I 45 S AR S 0L 45
IR PE . WP 7 R O IE T Y TR iR 28 S0 2
BT AE A AN T T 01T R 38 1 R R B a6 i B K, 3
SR AR 3k A e bR AT BT R O T A TE A An 1B 6 TR .
Pl 8 A R AT IS0, 5 0 Sk B Ak 0 07 8, R IR
ARG BT IR . 9 A BT R R A b
Z 18] B I B AR AR IR 1,23 g 6 I I A B4 4 5, T
P T 7, 6 JIT A58 1) ol 26 R 7K SF 37 % i 288 45 o %
B A A BT 00 ST A TR TR S B
AT o AR T T R, AR S A S5 R R R
P 21 5k A A0 R T S B
2.2 WHEMEFMERS

W& 10 o, 3 4 e ) faf 28T A v T oty 2
0 i 2 LA AR ARl B T ROR S Ak R B, EL I 4 0 RS 1
K AR$EAN . 30.60,90 kN % [ i 48 F A9 0 {1 F1 4%

* k|

2 2 I
;;‘

. | .

L ~<‘ N ED

i § =5

7 RIGRTEHEDD O XL E
Fig. 7 Comparison of the mortise of column before and

after the test
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Fig. 8 Indentation at the bottom of the PBF after test
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Fig. 9 Indentation of pin after test"”
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Fig. 10 Hysteretic curves and skeleton curves under

different vertical loading"”
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Fig. 12 Initial stiffness curve
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Fig. 14 Structural deformation and inter story
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