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Fig.1 Xiaoyan Pagoda in Xi 'an
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Tab.1 Main dimensions of Xiaoyan Pagoda m

= G BRI WE Rl FF S

—_

6.84 11.38 3.57 2.68 1.770

2 3.75 10.68 3.38 1.45 0.968
3 3.43 10.56 3.28 1.40 0.942
4 3.34 10.41 3.20 1.36 0.882
5 3.09 10.32 3.10 1.22 0.756
6 2.91 10.00 3.00 1.20 0.733
7 2.62 9.64 2.85 0.85 0.655
8 2.47 9.13 2.78 0.80 0.614
9 2.28 8.62 2.50 0.80 0.590
10 1.98 8.04 2.26 0.60 0.537
11 1.60 7.64 2.20 0.40 0.488
12 1.54 7.18 1.94 0.37 0.406
13 1.45 6.53 1.82 0.37 0.360
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Fig.2 Materials used in the model
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Fig.3 Mechanical performance test
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Tab.2 Model similarity ratio
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(a) Bottom of the model
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Fig.4 Laying process of model structure
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Fig.5 Time history of seismic waves
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Tab.3 Test condition list

1 1WA x 50
2 SHW2 i

3 8JE/Ni% YL 200
4 El-Centro i

5 S 50
6 SHW2 i

7 S i Pk FaR ik x 600
8 El-Centro Jj%

9 SLI 50
10 SHW2 i 50
11 PN VL x

12 El-Centro i o
13 S 50

e SRR AR 23 A1) A BT /0N A B A 5 A B AN TR 6 L A
K6 Rz o 1A LA 327 in o JBE A5 S I A, D 3R
7L A TR I A

K6 s Al B 5]
Fig.6 Sensor layout
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Fig.7 Experimental phenomenon
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the Xiaoyan Pagoda model structure
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Fig.9 Amplification factor of acceleration of the structure un-
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Tab.4 Maximum inter-layer displacement angle of each layer of the tower body under 8-degree earthquake action

iz o
T2 T8 3 T84 TH6 TH 7 TH8 THI10 TR TH12
1 /10443 1/7059  1/12809  1/29483  1/8724  1/3621  1/14400  1/4071  1/2333
2 1/3 041 1/3304  1/3830  1/3444 1/3531  1/1319  1/2219 /1476 1/472
4 1/3975 1/5026  1/4513  1/2678  1/4399  1/1486  1/1799 1/2931  1/527
5 1/1401 1/1838  1/1650  1/622 1/1289  1/551 1/347 1/580 1/279
7 1/3636 1/3105  1/2212  1/2240  1/2086  1/1139  1/1844  1/2299  1/365
9 1/2285  1/2433  1/1340  1/1086 1/2156  1/636 1/807 1/1264  1/261
11 1/1254  1/1684  1/815 1/641 1/1582  1/383 1/335 1/934 1/169
13 1/935 1/1428  1/566 1/514 1/847 1/293 1/252 1/506 1/131
PR 2 WM 5 0k I R, — A 2 R B R, R E :g}%ﬂ;o& i; :%}%ﬁm& i; :gﬁ?&m&
PR AT S S PNIETLY 2 N A T N BT/ N B N
AT . OB LR RARE N B B ol =h!
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H 8 Fe AR Iy 5353 09 7.78,18.45, 27.82 kN, 1172 00 5101520253035 % 163248648096 0 30 60 90120150
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11 SRR AEHITF S5t itk )
Fig.11 Inertial forces of the structure under the action of 8-

degree earthquake

(a) Small earthquakes (b) Medium earthquakes (c) Major earthquakes
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Fig.12 Floor shear of the structure under the action of an 8-

degree earthquake
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Tab.5 Material parameter table

MRS 5L LRES R+
HER /N 0.15 0.16
%% /(kgem ) 1200 2400
HPERIE /MPa 703 30 000
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Tab.6 Natural vibration frequency of typical dense

eaves brick pagoda

A REER/Hz ARITHIR/Hz 3R/
LB 6.84 6.53 4.73
2B 18.12 19.03 4.78
3B 27.26 26.24 3.88

B g R A RITE SRR ER /DT 47800 L 7TH
I, 8 R RE N 3 4% MR P A I, i 28 4 4 5 e %
B B fie RO i () 10 24 SR R A BROC A5 2R R KR 22
h5.93 % , B TR RN B ) 3 6 245 2R [R) A7 BR O5 20
Pres SRR 22/ T 5005 R 8 nl [, 8 R AL 3 2% 4
RN IS, S 78 o 4 50 3 05 B de R A% B i
iR BROCE SRR ZETE 400 LN I TR KA
X 56 45 R [F) A7 BROC /AT 45 2R iR 22/ F 3000 X e
ER AT LI e ] — M sl B T g A Y ] A R
TR By S AR b B G, A R TR B RE A
Uy M Sz e SR 45 A 1) B 0 R

x7 ARTEXFERKNEE

Tab.7 Maximum acceleration of typical dense eaves brick pagoda

e ES)Z) BET(H 13)2)
A2 % - — y —
RIS /g ARITINE /g wE/% BN/ ARTmEE/g  RE/%
El-Centro 0.439 0.434 0.655 0.638 2.60
YL 0.573 0.607 0.850 0.810 4.71
SHW, i 0.635 0.659 0.962 0.923 4.05
*8 HBTEAZERIMLE
Tab.8 Maximum displacement of typical dense eaves brick pagoda
- BHHESE) BT 13)2)
WA B/ mm ARITEMAHE/ mm 3#2E/% KB/ mm GRITAE/ mm R2E/%
El-Centro % 88.93 85.86 118.49 121.75 2.75
AR iiFi3 53.28 51.45 59.08 57.60 2.51
SHW, i 155.26 153.00 318.37 317.90 0.15

4.3 N 100 R

MR AR T il ¥ 25 0 0 IR 32 R ) i
R B Y, AR A B0 S /0N 35 b A4 235 g kO e r
SR ¥ £, = 0.089 MPa. & 14 45 1 T A [ 5 B M %
W AEF T A PR ICAE B =R ) 4 A

ML 14 AT R AE T BB X SHW, i 3
R, RN S EEAE PR 2T E . R
F PN I3 0.078 MPa & A= 72 55 2 )2 , B AR KM o

0.089 MPa, {H AT AT ) 5 12 Ab Ay A5 7Y 55 4 114 24 4 U
iz 244 T AR, M PGA N 0.6g 0, A 7E
3t 52 % R Jmy &8 =B Ty ¥ i 0.089 MPa, i B
WPEREIR . Hop ElFCentro W /EH T, ERim ) £
SYARFEER AR 6 )2, e K BRI ) R AR 4)2 571
MPEAER T, BHN ) FEERESEIMT)ZE, K
TR SRS 3)2 s SHWLIER R, 5
FEAMEL2MO)Z , K ERN I EEESG6
2o PEL AT H G PR AE AT B R 2 T Ak 1



55 2 4 Zeeft | A - UL B 2 B R 2 & U9 F 9 BOBUE 43 B 379
He | ol g ] 2 % x @
SHW, 3 ~—SHW, 3
| (1] eak gy A WS BN 5 M EE 00 X4 0 B
Beor FEL0]. MR TR TR AR 5, 2013, 33(2) : 163-167.
;: YUAN Jianli. Study on corresponding relation between
GO 0.03 0.66 0.09 G0 0.04 0.(I)8 0.I120.16 00 0.(I)9 0.I180.1270.36 seismic intensity and damage degree of ancient masonry
FHiRL ) / MPa FHiLF) / MPa FHLR ) / MPa pagodas [J]. Earthquake Engineering and Engineering
(a) ME (P) R (‘c) KE Vibration, 2013,33(2):163-167.(in Chinese)
AR S A I SRS ST IV R
Fig.14 Main stress diagram of Xiaoyan Pagoda structure TRSTERS,2018,38(2): 1827
YUAN lJianli. Analytical method on horizontal earth-
R T E L . FEE, 4 PCGA N quake action of ancient masonry pagodalJ]. Earthquake
0.9¢ 3 bl 7 O 1 TR AR S5 4 45 2 S R Engineering and Engineering Vibration, 2018, 38(2) :
18-27.(in Chinese)
B LI L Conro BRSSO RRIVE oy o mam man ot o 6 A0 MO R B
£10.322 MPa, £ £, 19 3.62 fff o {EJLILHH T, 2 4E JPHEBRAELT]. 2% MO KR, 2017,36(1) 14,28,
W A e, FR R PME S N ) A rh b SR AR R TR ZHANG Yongliang, NING Guixia, ZHAO Chengjiang.
FEXR Research on analysis method of elastic seismic response
for masonry pagoda [J]. Journal of Lanzhou Jiaotong
5 z:g _L/k\' University, 2017,36(1):1-4,28.(in Chinese)
[4] SRS RPN, X0 HR 55 A il B PR MR RE PP A

1) ZiAb AR T A 2 HhA L % B T g 5 KT R T R b B ¢ [T ]t B AR AR 2019,
92 A A R 0 A I 18 8 % b go(z)aatar. |

ZHANG Yongliang, WANG Zhenxin, LIU Zunwen, et
MIS AR B W8 . PGA Dy 0.2 W 2 g LW 0 53 al. Research on seismic performance assessment method
FEsPGAA/NT 0.6 1, SR 2 0 A 2 9 K and seismic strengthening measures for masonry pagodas
-5 A%, B b SR AL S T Rk 1) B 4%, BB A TS [J]. World Earthquake Engineering, 2019, 35(2) : 41-
R 47.(in Chinese)

2) Bl AW 1 M 3L 2 3 gy (0 I AR DAYALA Dina SR IRES
R R e 6 RS R 0
WA 2 IO 328 TR R 00 A BT SR A B 8 A 1 LI Sh’engcai,‘ZHAO. Youjun,D'AYALA D, et al. Num-
b, 3 B i) 24 4 e Jre TR TR R ORI 2 3 i O erical simulation on the seismic damage evolution of ma-
559 0 BEALZE K A B BRI B — o R E Y Ml AR sonry ancient pagodas[J]. Journal of Yangzhou Univer-
W sity (Natural Science Edition) , 2014,17(4) : 60-63. (in

3) MR {1 1T R4 1R BB 2 B 7 Chinese) b
R BRI S . posgy 0 TR B TR
Liﬁﬁﬁiﬁiﬁ/ {El ﬁ@%l‘@}ﬁ{g‘i}ﬂl E/J i*j( %ﬁ:ﬁ CHEN Ping, GUO Qi, ZHANG Pengli. Analysis of
RACNE g B R B A BT R . i T A R seismic damage and evaluation on the safety of Chon-
YA AR I FE BRI R T Y I B R 22 gwen Pagodal J]. Industrial Construction, 2015,45(2) :

4) B PGA Ny 0.2g I /N B 45 H 3 7 4b T 3 07/69.Lin Chinese)

(7] P95 BEA R 22 RN BE X i A ol 3 b 7% v i 5

PR ;24 PGA N 0.6g 1}, 7E El-Centro % .SHW., i
YEFRE /N HE 38 3 Tk A3 98 14 B B 24 PGA Oy
0.9g W, ZEVL AW AR IR, B IS J2 Ah X &b 7 58 98 1
IKJ/I\‘EQO

M T[T ] Hh AR TR AR, 2016, 38(4) : 498-503.
LU Wei, ZHAO Dong, WANG Yulan. Impact of foun-
dation stiffness on the seismic response of ancient ma-

sonry pagoda[J]. China Earthquake Engineering Jour-



380

E IR

5 ¢

W %42 5

[9]

[10]

[11]

[13]

[14]

nal, 2016,38(4) :498-503.(in Chinese)

WA D7, E kSRR AE PG B R S EE RLR B
WL T] L5240, 2018,39(12) : 128-138.
XIE Qifang, WANG Long, ZHANG Lipeng, et al.
Shaking table tests on wooden structure model of Xi'an
Bell Tower[J]. Journal of Building Structures, 2018,
39(12):128-138.(in Chinese)

KIMJK , RYU H . Seismic test of a full-scale model of
a five-storey stone pagoda[J]. Earthquake Engineering
&. Structural Dynamics, 2010,32(5):731-750.

R, EAL R, FARAR, 5 A iR ) & IR T 5
[T] AR T 5 K, 2012, 34(1) :69-75.

ZHAO Xiang, WANG Sheliang, ZHOU Fulin, et al.
Shaking table test of mosque pagoda model structure
[J]. World Sci-Tech R & D, 2012, 34(1) : 69-75. (in
Chinese)

R, R, P20, % AR ARG R 8 &
e[ T] R EE 240, 2017, 38(2) : 10-19.
SONG Xiaobin, WU Yajie, LUO Lie, et al. Shaking ta-
ble test on a traditional pavilion-style wooden pagoda
[J]. Journal of Building Structures, 2017,38(2):10-19.
(in Chinese)

PRGN 4 500 G5 i B R ) 5 X 06 B
FELI] @A 4R ,2017,38(12) : 154-162.

LU Junlong, LI Xiaolei. Shaking table test on brick ma-
sonry pagoda with solid structure in-filled by clay [J].
Journal of Building Structures, 2017, 38(12) : 154-162.
(in Chinese)

JIR e 2R GETE AR BE R A5 | S0 G5 R vl T I A
e WA N g BF 5T [T 4k 3 5 bl 2019, 38(9) ¢
238-245.

LU Junlong, LI Xiaolei, CUI Xiaoling, et al. Tests for
frequency domain seismic responses of masonry pagoda
with solid structure[ J]. Journal of Vibration and Shock,
2019,38(9):238-245.(in Chinese)

W, EALR X ED] 45 BT IDA J5 i 1Y /) T B 45
a4 5 vk BE AT AN (V] M B 5% TR | 2020, 36 (1) «

[15]

[16]

[17]

[18]

162-174.

YANG Tao, WANG Sheliang, LIU Deming, et al.
Seismic performance evaluation of small wild goose pa-
goda structure based on IDA method[J]. World Earth-
quake Engineering, 2020,36(1):162-174.(in Chinese)
XU Q K,ZHANG H,LIU Q, et al. Seismic analysis on
reinforced concrete group silos through shaking table
tests[ J]. Structural Concrete, 2021,22(3):1285-1296.
VR, 5K s 3, ThI A, 45 L 2 R IR B AR S R U
S EIRBA T[T, LA TR, 2018,51(12) : 52-62.
XU Qingfeng, ZHANG Fuwen, MA Yurong, et al.
Shaking table test on a five-story post-and-beam glulam
structure [ J]. China Civil Engineering, 2018, 51(12) :
52-62.(in Chinese)

MoH A RNl I R BUR  BT L) DA U
1990(3) :37-42.

LIN Jiansheng. Seismic analysis of Quanzhou ancient
stone pagoda [J]. Earthquake Resistant Engineering,
1990(3) :37-42.(in Chinese)

JalsE, T /ANPE BB R )2 AN IR B R ) AR B
T A RS B KIS [J]. A A,
2020,41(1):1-14.

ZHOU lJing, FANG Xiaodan, ZENG Fanliang. Shaking
table test of super-high-rise concrete-filled steel tube
gravity column-concrete core tube structure[J]. Journal

of Building Structures, 2020,41(1):1-14.(in Chinese)

E—EE®E T FMMAE, B 199649 A
AL WA EBAFSE O O LRSS
Pk

E-mail: liyanwei1996(@126.com

BEEEBE N %, 5, 198446 74,
[ N N o R T Al L A = i
PRAPA LARSEH B -

E-mail : yangtao0604(@163.com



