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Fig. 1 Xuanzang Tower of Xingjiao Temple
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Fig. 2 Discrete element three-dimensional numerical model

3.2 BEMERERTHESH

B B AR Wb J ) B R ELAE ol B R R
B WAL RE SC, B 1A e A B D) A8 JE 0L AR Al IR
I, K 4% 6] 5y 77 HE 3 R T 10K L R AR S I AR 2tk
FT R AF A BEIR PR R v U 42 fh T R A G 41 3
7R

T AR TR AR
(a) HpHEfs

Tinax

K,

Au,
(b) FIR-FASH AR

(c) ‘i) Fr=-RE
3 PR AR K T 24T

Fig. 3 Block contact model and mechanical behavior

WG R B e U 50 0 2 2% SCk([12], U
TR RHEY PR RS B E=1000 MPa, AR L 1=0. 15,
W 0=1800 kg/m’; WIH + Ve E =
26 MPa AWML 10 =0. 21, %% 0=1950 kg/m’,

il AR T A AR vh Y B I A 9 1 R AN BT B
W 3 e 7 e A TR % 4 o B R 3R S 4

K=E/[301—2m] D
G=E/[201+m] (2
K, <10[(K+3/4G)/AZuin ] (3
K,=0.4K, €Y

Ao K ORI R, G BT VB R, E Mg [GHL
H. O, K, Em R, K 8T UIRIEE
AZin HAAB A ICAE I 7 W) b /N SE R, &0
fEH 0.4,

WA P 25 RACA (A ~4) SR S ik
57 L A R AR T 7SR ORE 2 B B R R RRUR
K =480 MPa, B ¥J#i4g G =435 MPa, 35 # 2 [5] W
FE Jx, =10 GPa/m, W ER B YIWI B Jx =4 GPa/m,
WIREEAE A e =427, WA E J. =5 MPa,
WHAER S Jon =5 MPa; WL EEKBIE K=
15 MPa, 8§ Yl 5 & G =11 MPa, 75 3 3 [ K &
Jk, =11 MPa/m, W BT UINIEE T« =4 MPa/m, ¥
RPEEEA J o= 33", WIRPLHIRIE Jw=0.5 MPa, 7
HAEER T Jon =0.5 MPa,
3.3 AL
3.3.1 BFME

HEAT R (Y TCBEJE B H HR 30 3 BT, 10 5% 4% T A
o 7 o R o . R IBCTOEJZE U AR P ) A R b )
FR) 3 B Ao AR T L AN P 4 TR . o P e B AR
e A5 B J7 8] R BB R — B a5 (] 5 (a)) 15
RUZR VG [ AR b ) — B 26 80 13,3 Hzs ikl &



g2 FRAE, % B EEEAR &K B0 & #H TR N 367

I BT AR TR IR 45 50 13, 27 Hz (B 5(b)) . i
FRAR—F,

% 0.001- ‘ (AT |
;AN

PRl 4 TOUJZ 0 AN Tl 7 i 3 B8 I %y £

Fig. 4 Time-history curve of velocity in different directions

at the top measuring point
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Fig.5 First-order frequency of model
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Fig. 8 Comparison diagram of horizontal peak acceleration amplification coefficient after 7 degree seismic wave loading
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Fig. 9 Comparison diagram of horizontal peak acceleration amplification coefficient after 8 degree seismic wave loading
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Fig. 11 Comparison of displacement time-history curves of the
top layer loaded by 7-degree El-Centro wave along X direction
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top layer along X direction under 7-degree Tianjin wave loading
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Fig. 13 Comparison of displacement time-history curves of the top
layer loaded by 8-degree El-Centro wave along X direction
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Fig. 15 Cloud image of model displacement after unidirectional
loading of 7-degree El-Centro wave
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Fig. 14 Comparison of time-history curve of displacement of top

layer along X direction under 8-degree Tianjin wave loading
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Fig. 16 Damage diagram of tower after three dimensional

loading of 7-degree seismic wave
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Fig. 17 Damage map of the west side of the tower after

8-degree three-dimensional seismic wave loading
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Fig. 18 Damage map of the east side of the tower after 8-degree

three-dimensional seismic wave loading
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Discrete element simulation analysis of shaking table test of

masonry ancient pagoda model

LU Jun-long™', LI Ming-dong', TIAN Peng-gang®, WANG Zhen-shan', YUN Zuo-yi’
(1. School of Civil Engineering and Architecture, Xi’an University of Technology,Xi’an 710048, China;

2. Shanxi Architecture Science Research Institute Company Limited, Xi’an 710082, China)

Abstract: Historical masonry pagodas have low bonding strength, which is easy to crack and destroy
under earthquake action. How to study the cracking and fracture development mechanism of masonry
pagodas under earthquake excitation,a discrete element model was established for the 1/8 scale model
structure of the pagoda of Xuanzang,and the acceleration and displacement responses of the structure
under seismic wave excitation was analyzed. Compared with the shaking table test results, the whole
tower cracking and destruction. The results show that the acceleration and displacement responses of the
structure obtained by numerical calculation are consistent with the shaking table test results. When the
earthquake intensity is low,the displacement curves of the top floor from the numerical analysis and the
experiment are close. After the earthquake intensity increases, the numerical results of the structural
dynamic response caused by the tower cracking differ from the test results. Still, the trends of both are
the same. Under the excitation of seismic waves,the tower's first floor cracked first,and with the increase
of seismic intensity,cracking extended to the middle tower floor,and the block staggered on the second
floor. The damage process of the model is consistent with the development of experimental cracks. The
research results provide a reference for the analysis of earthquake damage and the failure process of

masonry pagodas.

Key words: masonry pagoda;discrete element method;shaking table test;damage analysis
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