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Seismic response and damage analysis of the pagoda
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Abstract: In this paper, the failure mode and damage of pagoda on Shanxi Jiwang Mountain under different
earthquakes were calculated and analyzed by numerical method, which provides a basis for the seismic
reinforcement of Jiwang pagoda. The plastic damage constitutive model was applied to describe the damage
failure of masonry structures under earthquake. The displacement forms of the ancient pagoda under the
action of seismic waves with different amplitude-modulation coefficients were given, the seismic responses
values such as interlayer displacement and acceleration amplification factors were obtained, and the
distribution rules of earthquake-induced damage were discussed. The results show that the overall stiffness

distribution of the pagoda on Jiwang Mountain is uniform, and the acceleration amplification factor at the

Wes H#A:2020-12-31
EEWE : 175A AARA3E4 (201901D111089)
TEB R : W (1989- ) 2 A, FENF 555 J) 2= REANF T » E-mail : jiangshan0248(@163. com,
Wz GRIEEE) . 5, #3% . 1814 5, E-mail : luguoyun@tyut. edu. cn,
Received: 2020-12-31
Foundation item: Shanxi Natural Science Foundation (201901D111089)
Author brief: JIANG Shan (1989- ), PhD, main research interest: structural dynamics, E-mail: jiangshan0248 @
163. com.

LU Guoyun (corresponding author) , professor, doctorial supervisor, E-mail: luguoyun@tyut. edu. cn.



166 T K5z L4

FROF E O

% 44 %

top pagoda is the greatest. Although the bottom wall of the pagoda is thicker than that on top, the tensile

damage still initiated from the bottom under earthquake, and it expands upward with increase of seismic

intensity. The stress contours show that the maximum principal tensile stress area at the bottom of the

pagoda under earthquake expands obliquely, which easily leads to the formation of oblique cracks in the

pagoda. The weak layers of the pagoda are the bottom three layers and the top layer.

Keywords: masonry pagodas; seismic response; finite element simulation; damage factors; stress analysis
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Fig. 1 Full view of pagoda on Jiwang Mountain
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Table 1 Main geometric dimensions of the pagoda

BEC EEAK/m BRLK/m JZ i /m i /m
1 1.90 2.73 5.72 5.72
2 1.80 2.51 2.13 7.85
3 1. 65 2.36 1.92 9. 77
4 1.50 2.16 1.85 11. 62
5 1. 40 1.98 1. 64 13.26
6 1.36 1.82 1.41 14. 67
7 1.20 1.62 1.65 16. 32
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Fig. 2 Finite element model
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Fig. 3 Vibration modes of pagoda on Jiwang Mountain
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Fig. 9 Damage contour of pagoda under frequent earthquakes

DAMAGET
DAMAGET (Avg75%)
(Avg:75%) +7.033e-03
— +9.217e-01 +6.447¢-03

+9.000e-01 +5.861¢-03
[ +8.250e-01 +5.275¢-03

+7.500e-01 +4.688¢-03

+6.750e-01 +4.102¢-0!
| +6.000e-01 +3.516¢-03

+5.250e-01 +2.930e-03

+4.500e-01 +2.344¢-03

+3.750e-01 +1.758¢-03
; +3.000e-01 +1.172e-03

2250001 +5.8610-04

+1.. e—!

150001 +0.000e+00

+0.000e+00

A a IZ
YLX L Y X
(a) Zhifti=E (b) ZE#HG=E

E 10 ZptEERTHERGEE
Fig. 10 Damage contour of pagoda under design earthquakes
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Fig. 11 Damage contour of pagoda under rare earthquakes
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Fig. 13 Maximum principal tensile stress contour under design earthquakes
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