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Experimental analysis on shaking table tests of

Dougong in Tianwang Hall, Luzhi, Ming dynasty

Que Zeli, Li Zherui, Zhang Beibei, Hou Tongyu. Pan Biao

(Department of Wooden Architecture, Nanjing Forestry University, Nanjing 210037, P. R. China)

Abstract; Taking the Dougong of Tianwang palace in Baosheng Temple , Luzhi as a case, experimental study was
carried out on shaking table tests of the full-scale pine Dougong model. Analysing the acceleration and dynamic
magnification coefficient trends, the process of displacement characteristics of Dougong in response to changes of
vibration, and the rotary and sliding displacement values of Dougong and each component at the biggest deformation
moments. Major conclusions are as follows, Seismic acceleration indicates the response of seismic intensity, instead
of the maximum deformation of the Dougong specimens. Vibration frequency has important influence on the degree

of rotation deformation, while amplitude has decisive effect on the sliding displacement of each component. The
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maximum deformation of Dougong and each component all have a strong correlation, among which the rotary

displacement of Ludou and Huagong occupies a dominant position. Huagong with xia-ang, which is a special part

of Dougong, is mainly for decoration and it's weak on connection node position during the shaking table tests. So

more attention and relevant reinforcement measures should be taken on this part in the maintenance and

conservation of cultural relics.

Key words: timber structure; Dougong; pine; shaking table test; anti-seismic mechanism
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Table 1 Mechanical properties of materials

B A kA % NS PR 58 B / MPa YU 3/ MPa LR/ MPa
A 11.0 44.9%1.4%! 41.8%2 55.643.5 53.4 5601.7+52.1 5517.7
ETHEA 13.4 47.1%+3.6 50. 75.944.6 80. 2 7153.1£75.2 7303.3
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Fig. 1 Fixation of the Ludou component and displacement sensers
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Fig.2 Arrangement of rotary and slip deformation

measuring points
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Table 3 The acceleration and dynamic magnification coefficient

TH Peah PR EESN 503 i AR
WE Whh e EEUE W a/g  WEa/g KR
P1010  0.048 I\ 0. 052 0. 052 1.0
P1020  0.07 v 0.12 0.145 1.208
P1030  0.12 VI 0.15 0. 255 1.7
P1510  0.034 vV 0. 044 0. 045 1.022
P1520 0.1 (] 0.16 0.17 1.063
P1530  0.13 M 0.16 0.2 1.25
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Fig. 6 Rotary and slip deformation for Dougong
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Table 4 Deformation value for Dougong of each condition

. KA TE . ; KRR
T RRABTE .- IE/I%&' «’Er/‘?%’l =
%1 /s # /mm J& /mm J£ /mm (i /mm
P1010 10. 59 —0.5625 —0.3608 —0.1134 —0.474 2
P1020 3.21 —3.5041 —3.7407 —0.1184 —3.8591
P1030 27. 60 —8.2028 —9.6161 0.051 3 —9.564 8
P1510 25.95 —0.3678 —0.3023 —0.0127 —0.3150
P1520 0.16 —9.171 6 —10.091 6 0.5802 —9.51114
P1530 14. 11 —9.086 1 —7.3453 —1.3559 —8.7012
P2010 14. 39 —0.2583 —0.2138 0.001 —0.212 8
P2020 12. 89 3.213 3.426 1 —0. 249 3.177 1
P2030 29. 33 —6.332 —5.3322 —1.567 —6.899 2
P2510 0.07 0. 36 0.205 7 0.003 4 0.202 3
P2520 29.16 —4.046 4 —3.4175 —0.2611 —3.6786
P2530 29. 30 —3.460 2 —2.9923 —0.9825 —3.9748
P3010 27.61 0.997 4 0.993 2 0.080 4 1.073 6
P3020 0.42 —9.3558 —7.8601 —1.8439 —9.704
P3030 0.41 —13.2295—11.212 —2.55 —13.77
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Fig. 7 Rotary and slip deformation of each condition
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Table 5 Rotary and sliding displacement for
Dougong each part in condition P1510

[5] %% £y / rad
4]
ARy ppeopy
IV 3= Ni) ATENL]
[25.95s] [25.95s]
M3} —0.000 23 —0.000 23[25.95 s] —0.093 7 —0.097 6[25.41 s]
44t —0.000 52 —0.000 53[26.36 s]  0.035 0 —0.079 5[26.12 s]

W B Y /mm

3} 20 A8

2SN AR EN SCONALTEN

N «é—}[\_
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)
ZH. _
: —0.000 22 —0.000 24[18. 64 s] —0.014 8 —0.014 8[25. 95 s]
~+a
ZEH. _ _
T b 0.001 10 0.001 10 [25.95 s]—0.022 2 —0.022 2[25. 95 s]
EHE —0.000 39 0.000 57[3.22 s] 0.027 4 0.028 2[20. 41 s]
18 HE
rﬁ(f —0.000 18 0.000 28[21.32 s] —0.029 9 —0.029 9[25.95 s]
s
A
f;f —0.000 20 0.000 21[25.92 s] —0.046 8 —0.046 8[25. 95 s
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Table 6 Deformation scale for Dougong each Table 9 Rotary and sliding displacement for
part in condition P1510 Dougong each part in condition P1530
218 4 [Bl 56250 /mm e/ % WAL /mm /% (6] %% £ / rad AT /mm
4] N N
Hi 3} —0.1380  43.8 0.0937  —29.7 = e SRAE RN
) W wEAER RKREDNZT BEKN FRE %]
At —0.255 4 81.1 —0.0350 11.1

[14.11 s] [14.11 s]

VEB L —0.0515 16.3 0.014°9 AT B3 —0.003 16 —0.003 43[1.85 s] —0.439 8 —0.479 3[1.87 s]
S a —o.0712 226 —0.0l48 4.7 MEHE —0.01349 —0.013 85[14.13 s]  1.297 0  1.378 0[14. 09 s]
ZHA Db 0.356 5 —113.2  —0.0222 7.0 e T HE

s 0.001 76 0.003 08[13.14 s] —0.183 9 —0.215 5[13.81 s]
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