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Analysis on dynamic characteristics and seismic response
of Lingguan deity hall in Qingcheng Mountain by
considering effects of wall

PAN Yi'? YI Duhang' CHEN Jian' AN Renbing'
(1. School of Civil Engineering Southwest Jiaotong University Chengdu 610031 China;
2. Key Laboratory of Seismic Engineering of Sichuan Province Southwest Jiaotong University Chengdu 610031 China)

Abstract: There are numerous Chinese ancient buildings on a slope in southwest China. Because of the structural
characteristics of unequal height constraints at the bottom of columns and uneven lateral stiffnesses the seismic
performance of ancient timber structures on a slope is different from that of timber structures on a flat ground. To study
the dynamic characteristics and seismic response of ancient timber structures on a slope in which the Lingguan deity
hall was taken as the research object the in-situ dynamic characteristics of the structure were tested and the modal
parameters were obtained. Then the numerical models without walls and with the walls were established respectively.
The simulated values of the natural frequency of the wall model were compared with the measured values to verify the
correctness of the numerical model. Finally seven groups of ground motions with different amplitudes were input to the
two numerical models and the dynamic responses of the two numerical models were compared to analyse the seismic
performance of ancient timber structures on a slope. The results show that the first—and second-order frequencies of the
Lingguan deity hall are between 2. 90 Hz and 6. 88 Hz. The wall has a great contribution to the seismic stiffness of the
Lingguan deity hall by reducing the story displacement angle and the floor torsion angle by 11% and 16%
respectively. It is thus not safe to ignore the seismic action value of the wall in the calculation. The torsion angles of
the models change abruptly from the first floor to the second floor the shear force is the largest in the first floor while
the torsion angle is the largest in the second floor. Therefore the upper embedding story on the Lingguan deity hall is
its weak layer which should be paid more attention in seismic strengthening.

Keywords: ancient buildings on a slope; timber structure; wall; in-situ dynamic test; dynamic characteristic; seismic

performance
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Table 3 Real constants of tenon joints
and column base joints
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0.004 2.492 0.112 0 — — — —
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Table 4 Comparison of natural frequency between simulated values and measured values

/H.
. /Hz J. /e
(4,/%) (4,/%) (A:1%) (A21%)
3.23 2.90 1.75(45.82) 1.43(50. 68) 3.33(3.09) 2.83(3.34)
6.88 6.46 5.92(13.95) 3.52(45.51) 7.40(7.56) 5.97(7.58)
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Table 6 Mean values of internal forces of anchor beam

a,,l!

pgl wan] V! Muad Fuad Vi Mg/
BN KN (KNem) KN KN (kNem)
70 7.04 0.95 0.97 4.62 0.9 1.09
200 12.36  2.58 2.63 9.97 2.69 3.08
400 19.13 5.38 5.10 18.33 5.42 5.88
70 11.99 0.19 0.21 10.19 0.18 0.21
200 26.05 0.28 0.33 25.97 0.29 0.33
400 52.92 0.42  0.52 48.45 0.45 0.52
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Table 7 Floor shear forces under different
earthquake intensities

V- /kN

a,, /gal

pg

70 4.22  9.24 1.01 5.03 11.15 1.55
200 6.23 14.86 2.65 6.63 16.29 3.98
400 8.71 22.68 5.21 9.72 25.09 7.87

70 6.43 14.59 1.76 7.20 16.17 3.30
200 11.88 28.52 4.78 13.67 32.68 9.05
400 20.16 50.18 9.36 23.93 59.44 17.78
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