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Tab.1 Similarity relation of test model
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Fig.1 Test model of free-standing stone cave dwelling
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Fig.2 Geometry dimention of the model( Unit: mm)
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Tab.2 Performance indexes of loess
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Tab. 3 Loading cases
_ o 60 AW B i /g
Fr TR X6 YE 20
1 WN1
2,3,4 Ex1,Lx1,Rx1 0.07 - -
5,6,7 Eyl,Lyl,Ryl - 007 -
8,9,10 Exyl,Lxyl,Rxyl 0.07 0.06 -
11,12,13 Ezl,1Lz1,Rz1 0.07 0.06 0.05
14 WN2
15,16,17 Ex2,1Lx2,Rx2 0.14 - -
VEIS I J2 A ekt A 18,19,20 Ey2.Ly2,Ry2 - 014 -
Fig. 3 Arrangement of acceleration sensors 21.22.23 Exy2,Lxy2, Rxy2 0.14 0.12 -
24,25,26 Ez2,1.22,Rz2 0.14 0.12 0.09
27 WN3
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40 WN4
41,42,43 Ex4,Lx4,Rx4 0.44 - -
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Fig.5 Comparison of seismic influence coefficient curves
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Fig. 7 FEA model of free-standing stone cave dwelling
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Tab. 4 Comparison of natural frequencies
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Fig.11 Comparison of X-direction displacement time history curves under LA-Hollywood Stor FF waves
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Tab.5 Comparison of X-direction peak acceleration at

the vault of middle entrance of cave dwelling
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ollywood = 5, 0295 0261  1.130
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(b) LA-Hollywood Stor FF
Fzo6 TiRERE OEMA X @B IEE 3T bk (b) LA-Hollywood Stor FF wave

Tab.6 Comparison of X-direction peak displacement at
the vault of west entrance of cave dwelling
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(a) PEIRIA DL TR

(a) The vault of west entrance of cave dwelling

(b) HAERRAR AL
(b) The bottom of middle leg of cave dwelling
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Fig. 13 Seismic damage of test model with input peak

acceleration of 0. 60g
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Fig. 14 Seismic damage of FEA model with input peak

acceleration of 0. 80g
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Fig. 15 Seismic damage of test model with input peak

acceleration of 0. 80g
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Fig. 16 Seismic damage of FEA model with input peak

acceleration of 1. 00g
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Tab.7 Acceleration peak with different soil thickness
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Tab. 8 Relative vertical displacement peak of the vault of

left cave entrance with different soil thickness
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Fig. 17 Mises stress of cave dwelling with different soil

thickness
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Fig. 18 Seismic damage status of cave dwelling with

different soil thickness
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Fig. 19 Mises stress of cave dwelling with different number

of arch spans
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Fig.20 Seismic damage status of cave dwelling with

different number of arch spans

5.3 #XELLHZmS R

A Sy XA 4 2 T A HE O B EL R AR i A [R] 114 4t )
BRI E R, LR R E 2 8 — o BOE 1 wO R
BEA =0 BHE S AT AS [ HE S 5 L A R, UK
o 1.3, L5 A 1.7 m 43 ) N7 A7 Xof g ) 4t 2k 125

e 5o 0.43, 0.50 F110.57, Hifth 25040 R . & 21
JIt 7 Ay B N T W A Ry 0.20,g Bk 4% A5 76 485 449 75 e
9 Mises I (28 ARG B0 o f 1L 21 AT, A [m] 4t
O 15 L Y 2R, G g 78 AR AN — 2 (E B R
ARG, 22 B HE A 155 L 02 T L 25 0 11 3h ) e AR A g
K A=A T . B 22 B R A A W (8 i B EE A
0.40g Fif 4% 155 80 45 4 1) b 52 8¢ 5 R 5 . el TB1 22 1]
AN [V HE O 5 L 0 A 3 T Il R A A K R
FE 1R R TRz 75 R AL ; Bl 48 0% B LR R, 7 R
) b 75 A5 405 ™ R DRk 5 R ) O AN TR T, R
B /Nt O B L AT AR 3 o A ST A i T Y R
PERE , (HHE 5 5 BU R /N 23 5% e 7 1) 19 4 ] 25 1]

MisesR./j / (N » mm )

W / s
21 AN ) O B LU 0 253 25 4 Mises I )
Fig. 21 Mises stress of cave dwelling with different arch rise

span ratio
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Fig.22 Seismic damage status of cave dwelling with

different arch rise span ratios
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Shaking table test and numerical simulation for free-standing

stone cave dwelling

LIU Zu-giang"?, MA Dong', ZHANG Feng-liang’, XUE Jian-yang"*, PAN Wen-bin'
(1.School of Civil Engineering, Xi’an University of Architecture & Technology, Xi’an 710055, China; 2.Key Lab of Structural
Engineering and Earthquake Resistance, Ministry of Education, Xi’an University of Architecture & Technology, Xi’an 710055,
Chinaj; 3.Shaanxi Architecture Science Research Institute Company Limited, Xi’an 710082, China)

Abstract: Taking a free-standing stone cave dwelling in Jingle county, Shanxi province as the prototype, the 1/4 scale test model
with three spans was manufactured and carried out by shaking table test. The failure process and failure pattern of cave dwelling un-
der earthquake action were analyzed. Based on the test, the finite element analysis (FEA) model of free-standing stone cave dwell-
ing was established by using ABAQUS. The dynamic characteristic, dynamic response and seismic damage, which were obtained
by simulation, were compared with test results to verify the rationality of the FEA model. And then the FEA models of prototype
structures were established, and the influence of soil thickness, number of arch spans and rise span ratio on the mechanical perfor-
mance of cave dwelling was analyzed. The results showed that the main failure of free-standing stone cave dwelling under earth-
quake action was the cracking of mortar joint, and the most serious cracking failure occurred at the vaults of cave dwelling entrance
and the connection between side walls and back wall. The simulation results agreed well with the test results, which can better re-
flect the mechanical performance of cave dwelling under earthquake action. The stiffness of longitudinal wall was larger than that of
horizontal wall. The acceleration and displacement responses of cave dwelling increased with the increasing of input peak accelera-
tion. As the decreasing of soil thickness and rise span ratio, the seismic performance of cave dwelling could be improved, but the in-

fluence of number of arch spans was insignificant.
Key words: free-standing stone cave dwelling; shaking table test; numerical simulation; seismic damage; dynamic response
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