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Tab. 1 Test data of the compressive strength

of clay masonry bricks and mortar

HEY ERH PR HE/
(mxmxm) mm?>  JI/N  J£/MPa MPa

T x K x 1/

FORREY

1 20.2x60.4x60.2 1220 3123 2.56

B miknk

[\S}

19.8 x60.2 x60.1 1 191 3 109 2.61  2.58

3 20.1x60.1x60.2 1208 3117 2.58

1 40.1x40.3 x44.9 1616 451.3 0.279

IR

NS}

19.8 x60.2 x60.1 1591 442.7 0.278 0.276

3 20.1x60.1x60.2 1611 437.6 0.272
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Tab.2  Similarity ratio of various physical quantities

of the test model

LYBLE 2 ARG
PP 1/26
K 1/33.5
w5 1.33
GBS 5.788
i 0. 965
o] I 1

Fx3 HRREBFEEE
Tab.3 Wall thickness of the test model

J2H JER B R/ m RIS/ mm
1 1.04 30
2 0.98 30
3 0.95 25
4 0.76 25
5 0.71 20
6 0.82 25
7 0.71 20
8 0.71 20
9 0.71 20
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Test model of the Zhongjiang South Pogado (a)

Fig. 1

and its acceleration sensor deployment (b)
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Tab. 4 The basic information of the stations used

in this study (according to Yang et al, 2011)

A ER/ S S1AMK S AY PeA/G \
T pxw

2R m FHBE/m  EE2E/m EW [a] NS [A]

S 3450 0.00 0.00  23.036 26.489 HE#bilts

6 4170 304.55 72,00  40.735 42.244 HE# bl
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H2 BB EHERBIaFE (BHFF, 2011)
Fig. 2 Schematic profile of station arrangement

(according to Yang et al, 2011)
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The time history of acceleration (a)

and the response spectrum (b)
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Tab. 5  The test program
i AHTE BVEAE Gal
T
R (S1Ab) TS (S6 &%)
1 20 35.36
2 30 53.04
3 40 70.72
4 50 88.4
5 100 176. 8
6 150 265.2
7 200 353.6
8 300 530. 4
9 350 618.8
10 400 707.2
11 450 795.6

1.3 RIGHERIZh A4

PR By 7 5 1 S 3 A 4 A b 7R S R AT )
Bl AT ARAR IR IR A B R, FE A T2
GRS R e L TRNIE L S E L (BT Y Y
SINTARAF AR A PR R SR (6, K
4)  [RIE 5 T X v VLR B B3 s A5 Y A AR
W (FAEREE, 2012),
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Tab. 6 The natural frequencies of the pagodas

at the bottom and on top of the mountain

SR oY R SR s s
iR fH/Hz 4k, He S (%)

Wik —
W mm e Wm0 R T
WO W o Heoo s R

1 8.82 8.82 1.499 1.499 1.56 3.88 3.88

2 35.77 35.78 6.081 6.083 5.67 7.25 7.28

3 81.23 81.29 13.809 13.819 12.61 9.51 9.59
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Fig. 4  The first three frequencies of the pagodas

at the bottom and on top of the mountain

2 RIS

T AR — T 00 2 BEh B R A B4
AT DL AR AT LA T B IR A R, AR T
LEITo 4 T, PSR LR 5 2 5

TH 5, INEHZE SN 100 Gal B, L JE & 35 R
MR, AER 1L 00t 34 0% 2R 57 T — J2 i 38 7 A B
e, HFEMGE TR g0/ 7 2448, WA Sa
Fis. Mma s T80 6., i HiE 3 150 Gal
F, R3S JC B R IR, Ll T 5 AR 0
ugnker e, H SO EMER TS AR
SETE R AL, GnE S FrR . MmEkE T 7,
JEHE SR 200 Gal B, R E L2 S
JUCJBE T HE b 3 5%, Nl Sc TR, i #kE)
T 7 B LT S B R A ST A K
4, HrM4EC O KY-B0E, MR LT K2
P, K Sd ~f i, HEF e LIkt
— TR 2 A oy B B R L b 7R e 1Y) HE B B AR
PR A% 1R AR O 22

W BRI B R T, LT B kA A
S IR B LR T AR A R T
N, ENTEMbRRAE R L T 38 5 S R AR IR, i
HEMBEIREI “ FRTE” FHE,

3 WL R Kb

3.1 BRMEMTHESR

SRR YR TR AT RAF 254 () AR, 6
S5 T B SR A TOU T I RT = B 4R A R AR
fkash, mE 6 AIAL, N T AL 1 mEE) T4 4
BF, 2 ISR A IRBR R kAR B AL, R
Wl 2 ISR R AW IR, Mk E TH 5, 1
S H 2 SR 100 Gal B, Ll i 38 [ 48 iR
IR /N AL, E L T 38 9 [ PR 00 % B
S /0N, HET = B A Ay 0 N 10% . 9% F
8% , W] LI Ly T00 iy 3% 25 40 A T IR IR
BN ETH 6. IWEHR SR N 150 Gal B,
LR B 1T = B A AR AR N 6%, Ll T 3
A T = B 480 3R /N S B2 24 R 20% , FBH LR 2
WIEB R T BN, I T 5 Yl R
PEE, MR E T 7. LR = hE Al R
200 Gal B, (LR o 58 A = By A B 450 9/ 24
10% , W0 85 0 17 = B A 2% 43 590 3/ 33%
29% F128% , AT L oy 35 5 35 o B0 B GE R 4k
SERE R I



164 5=

N

Ek;?::@x p > S

(d) T 7 Nl sr i —2

(e) TH7 FILTHIE R )2

c~

(f)y TH 7 P IEEm—)2

j

A5 ZTRATLERILTAEEXBAR

Fig. 5
2
10 e o K4
TV e M
Ve RS 2
—v— LR 3
g o |-o- LTI
Beg |-B- TSR
= —o— TR 3B
<
101 L
oo o9 o o
\@\
. ©
1 3 5 7
T

A6 JTiTFL&EFliESemeg
W= B PRI A B
Fig. 6  The variation trend of natural frequencies

of the ancient pagodas at the botrom and on top

of the mountain on various conditions

3.2 HEREMEREMNEHED

N T WESE LR B X Tl A iy B 4 72 o 5 )
PLRSZM AL, PO T 2 e B A SR W i R
REI AL S, T TR S TS
PRIEAE AR R LU(E, ik 7 B, 49K, 78

Damage to the ancient pagodas at the bottom and on top of the mountain on various working conditions

S TOUT BEE S50 2 E0n 3G I, 45 J2 hn 8 B 4
Y LB A R B, L T B Y oo 0
R LR oy B o W B Y AR B, Il T
RSV N A LR IR 2 ~ 3 A%, Rk T b
TR ARG % 235 Ky b 52 o B8 w7 1 5 W), G HE T
Tt 254 R T, M RN X 25 44 3l g
PR el SN, @R A, RO E
SR A& A= T 724k, (H 2 B J2 0 i o skt 32 7k K
BT AL,
3.3 MEMMBHETRER

AHRT LS S48 1 35 45 J2 55 I A 1 2 W B 22
25, A TR LR MR X 1% A iy 38 B AR XA
N SZ LA, B8 4 ih T IR 5 Wik S R
AR RS BE N 28 T o0 g 28 Ak i 34, i AT 0, Bl
i A b S (T BE A RGN R R AR X A A
WHGIN 2 J ol 3 4% J2 S5 KORE X7 7% Bt 6 4 2 1Y)
B B G g, R IR D A b RE B LB
R G ZE R S R i, B EA T
PISEARYR T Ry PR s i, A5 A% J2 [R) ) e K B
73 e BE 98 NS AN, (A5 8 J2 2 8] 8T T3 ek



165

%51 FHARAAE . I HIE T Hh Ve B 5 e O R S
7 7
7 7
6 6
6 6
5 5 3 >
I I
il il 4 4
ﬁ 4 ﬁ 4 X 3%
3 5 3 3
P 451 Pl 48]
2 —a— L& 2 2 —a— 1L 2
. —e— 1L TH . . +—e— TR
f 1
0 100 200 1 2 3 4 0 200 400 1 3 4
VAR N3 B /Gal [EaYics VAR fIn3E BF/Gal At
(a) T4L1 (b) ILH3
7 7 7 7
6 6 6 6
5 5 5 5
i I il iy
e 4 R 4
3 3 3 3
&1 <K
2 He— L 2 2 +a— 1§ 2
L e um ) o~ iR
0 500 1000 ]1 2 3 4 0 500 1000 ! 1 2 3 4
IR N2 BE/Gal =i VAR i BE/Gal ZAi=A
(e) TS5 (d) T 6
B7 &L kel T S (w3 A 4 2
Fig. 7 Distribution characteristics of the peak acceleration of the pagodas at the bottom
and on top of the mountain on various conditions
7 Tr H 7 7 2
! i
; !
6 6r 6 6 !
\ 1
5 S5t 3 5 5 I
4 i
s m,| m I /
1 4 =il w4 w4 '
~. A
3 3t RN 3 3 A
B Y B7 —
2 —— 2t i 2 —a— )i 2 ;
—— TR —e— | TH _/‘
1 1 1 1 L
0 0.1 0.2 1.7 1.8 1.9 0 0.2 0.4 1 1.5 2
AR AL /mm Bz B KA AL /mm [Eei=s
(a) TEL1 (b) T4L3
7 7 7 7 !
!
6 6 6 6 !
. !
5 5 ; 5 5 i
g g / I g /
i ;
4 4 v £ 4 T i
\ i
3 3 3 3 3 (
ol / E ol !
2 —a— 2 i 2 —e— ) 2 A
—— (ITH / —e— LT \
1 1 £ 1 1 A
0 0.5 1 1 1.5 2 0 1 2 3 4 5
B KA AL /mm Bz 5 KA XS AL #/mm i1
(e) TS5 (d) T 6
B8 &I IUT b JkAe ¥ 2k K AR A 0 T ALAS 3
Fig. 8  Trend of the maximum relative displacement of the pagodas at the bottom

and on top of the mountain on various conditions



166 Moo=

5

48 &

AR 2T, % O Ak, Xt aE
Hlgs W2, RASBHKEREVRER, 5K
B G —3, Wt v, IR A A K
A REEME . AR Bl A B0 RS R DL S SR A
1 R AR R PE

KT R e E— T 0T 2 5 B B R AR
YRS FR, AR T I 3 5 e s
[F] {37 b Y e AR RS LUAE, aniEl 8 Fis . AA
IR RT LA 1, AR T80T, T 35 09 de K AH
XPALRS W] R T I e 8, oM 24580 1.4 ~
4.5, HMERNRE, HILHE S IRE Y 150 Gal
B, AR A AR A S S 2 n Bt 2 ity
PEAXT B8 i 22000 0 o 25, LR R Ry B A 1 T
HECER P A KT ) BT M AE, B A 4
JE 34 R FE R A %
3.4 EEIBANTZLER

T B LA b X % A B R U2 ) S A
MR, B9 4 T 2 Tl R K2 I % M

7 7 .
j
i
6 6f A
|
5 5 \
/
I il K
4 i B
3 3 \
C !
2 —a— LJJE 2 \
P \
1 1 i
0 2 4 1 2 3 4
B K2R F/(x10 rad) LhAE
(a) T 1
7 T
i
6 6 A
j
f
5 5 J
Y
iy il /
w4 w4 \7\
3 3t
1 i
2 —a— LK 2
—e— LT !
1 1 L
0 10 20 1 2 3 4
B KZE RN /(<10 rad) Eeiz
(¢) TS

BEREZ AR b B, B AT, B O E S
B, ERJZE AL RS B W N, AT A
UL b 53 B b T 5007 XoF 235 ) J2 TR1 2 3% fA I S e, AR
SCHA T Al — T80 F T 35 5 1 i i 35 19 45 2
K2 B F B F 0 F AR, 45 50 R 2 L i b 7% 5
WEAE/NT 150 Gal B, Z HAEIEA/NF 2, HEUE
AT, HA2 Y IR SR {E 0 150 Gal B, %I
HEEE T 4, XRS50 &4 ] BBk, 2
[, B A K S 2B HE

10 25 T I T LG vy 3 b R ) 7 L B
T (A BRI ENRE) AL,
METE—EF/ W, FTEEmEEmS, W
55 ILR ot 5 A o B W (E LB 5 A ER 3R b AR B
WEAELAH DG PE R 55, (EJE X T 8% )2 B KA XT3 7% A
RKRZEM MM S, % ES A R 5)
R LA 0 35 A oG, Ry 3 245 A 1 J22 A X7 %
FIZ R A7 09 bV R 3800 5 1l 78 3l o B LA
— A M

Tr f
/
i
A
st \
/
iy 4
A
1
3t 3
\
i ;
—a—lg]u_,;% 2} ;
+—e— 10 7
< 1 Vi
5 1 2 3 4
B KZ RN /(<10 rad) [EaYi=
(b) THL3
7 7 A
iy
6 6 1
!
5 5 i
7
il iy /
3 3 {
E 41 1
2 a— 1)E 2 A
1e— LLITH \-\
1 1
0 50 1 2 3 4
B KZERNLE /(<10 rad) LAl
(d) The

A9 ZIATLELLMELRKERNZS A TR

Fig. 9
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FARTEAE LT PR B A= o 1 AR A 167

K (@

N

W

oI R e L A
N

B P

11 2 3 4 5 6 7
HE
10 K1 (b)
—e— TH1
—8— T2
g 81— T3
3_§ Lo TH4
& gffm THLS
E B L6
@ 4 [ [ oo > > s

B2
= Pl 3] ©
)
—=— TH2
g 8 —p— T3
gé oo T4
R g LIS
%‘ 6 B LHL6
5‘5 41 b e > P
'3

B 10 LT LR & 2R R e 2 e E
R T L8 T ACAS B
Fig. 10 The variation trend of the ratio of

seismic response along with the variation

of the input amplitude

ARSCPIASEF 9 1] T B 1L T VT R
YEMIEIY BB M8, 0 Hb R} [ 57 6 M 3K B
M B e S R BE A, /N R B 5 T R
RIRHIGY, A2 it AR A5 IR 00 X iy 38 Hl = B2 1 1)
S, AR BB .

(1) 7EMRIE(E R S E T, W 8 A IR
AR Y HbRE Sl WEAE 43 5135 F 100 F 150 Gal
LLTGURR LU RS ol 55 [ A 5 B S N, R
IR, HALT 5 5 MR

(2) MIBLEMARIR R « FRTE” AEE
i, EZREEH A IREEE . A R SIS FRIE
AR S5 R R 1 R i R R e

(3) Sl i B A A, LT 35 b 7% i i B
BRI, IOy 55 45 15 V23 WA 0 o okt | e R A X
MRS I KZRMEES F 4 B IS A 319 2 ~ 3 £
1.5 ~4.56%, 1.5 ~4.5 fi5, HAp i KM M
e KZ R RS A 8RR 450 5 b 7 sl i B AH G

Zi b, MR R A ik Il A b IR A A5 1L T 3
Hbu e 1, B O R, Ol Ll TR IS AR RS Y A
T 2 B T BPAT & A 3R, R iy e 1) A
XL T B SR R4 TAE

SE K.

WA, 25/INEE BRIk, %5 . 2015. 2014 4F5247 “5307 2 V1M 7% v i
e R RSN D R R R S AT ()] iR TR S TRERR 3l
35(2):54 -55.

Chi M J,Li X J, Chen B,et al. 2015. The effects of topographical and soil
conditions on housing damage during the Yingjiang earthquakes[ J].
Earthquake Engineering and Engineering Dynamics, 35 (2) : 54 —
55. (in Chinese)

HIBRH: . 2012, HE T 3R 35 3 071050 1 % A oty B A8 25 2 U i Y
[D]. M AR

Hu Y X. 2012. Research on modal parameter identification of masonry pa-
goda based on environmental dynamic test[ D ]. Yangzhou : Yangzhou
University. (in Chinese)

ZEYCR FEERE , 29 e, 4 2020, 1L HE RC HEZRZSHIR 31 & 1
BT [T]. ESL =4 ,41(8) .68 - 78,

Li Y M,Tang Y Y, Jiang B L,et al. 2020. Shaking table test of RC frame
structure on a slope and supported by foundations with different ele-
vations[ J ]. Journal of Building Structures, 41 (8): 68 - 78.
(in Chinese)

Zeok A TR SRR, 45 L 2018, SRR A4 1L LS PR U
KNE L], TARPURE S 806E ,40 (1) 122 - 129.

Li Y H,Jiang Z H,Ye M J, et al. 2018. Seismic identification and rein-
forcement of a typical mountain masonry structure building with
wooden floor[ J ] . Earthquake Resistant Engineering and Retrofitting,
40(1):122 = 129. (in Chinese)

XIGEF] . 2014, FE BRI HR ST SB[ D], M A5 K%

Liu X L.2014. Shaking table test on reduced scale model simulated
ancient masonry pagoda [ D ]. Yangzhou: Yangzhou University.

(in Chinese)



168 o=

Wt

48 &

&

TR, S B, MR, 55 . 2022, 25 IBRE A A 0 3R 1L R T BRE) )
PE R MR N A4 [T ] AR A R 24,43 (1) 195 - 104

Pan Y,Yi D H, Chen J, et al. 2022. Analysis on dynamic characteristics
and seismic response of Lingguan deity hall in Qingcheng Mountain
by considering effects of wall[ J]. Journal of Building Structures,43
(1):95 —104. (in Chinese)

W WAL, = BT, 55 . 2008, 13 Bl ) R 5 8l g ma R g R
RS G RBIRIRIT [J]. A A 1% 5 TR R, 27(3) :624
-632.

Xu G X,Yao L K,Gao Z N, et al. 2008a. Large-scale shaking table model
test study on dynamic characteristics and dynamic responses of slope
[J]. Chinese Journal of Rock Mechanics and Engineering,27(3) :
624 —632. (in Chinese)

B, WA, 258140, %5 . 2008b. 1k i 7% B 7 i 1 R0 A L b 7S
SHCEMPSE[)]. A+ TR ,30(6) 1918 —923.

Xu G X,Yao L K,Li Z H,et al. 2008b. Dynamic response of slopes under
earthquakes and influence of ground motion parameters[ J]. Chinese
Journal of Geotechnical Engineering, 30 (6 ). 918 - 923.
(in Chinese)

W, 28 /INEE BB . 2010, 1 BTG L2 e L 3 O A
REEAERAU[T]. SRR BRI ,6(4) :436 - 447,

Yang Y, Li X J, He Q M. 2011. Numerical simulation for site effect of
ridge terrain and overlaying soil in Zigong Xishan Park[ J]. Technol-
ogy for Earthquake Disaster Prevention, 6 (4 ): 436 — 447.
(in Chinese)

FETT . 2013, kA IR R BE S MR ZUE A XSG R BT[]
iR TR S TR RS ,33(2) 163 - 167.

Yuan J L. 2013. Study on corresponding relation between seismic intensity
and damage degree of ancient masonry pagodas| J ]. Earthquake En-
gineering and Engineering Dynamics, 33 (2); 163 — 167.
(in Chinese)

FETT . 2018, WIEPURMERERF T M] . dbat BbE i

Yuan J L.2018. Study on seismic performance of ancient pagoda[ M].
Beijing: Science Press. (in Chinese)

TRVTAH 2/ R, 4L 2017, HRE BB BOuH i I 7% R 57 14 5 1)
AL ], HhAR2%4E ,39(5) - 798 - 805.

Zhang ] W,Li X J, Yuan Y, et al. 2017. Influence law of ground motion
parameters on soil slope seismic response[ J]. Acta Seismologica Sin-
ica,39(5) ;798 —805. (in Chinese)

RV, SRR EE BT, 45 . 2016, 3 T-H05 m R B L 75 b TR 24
REAATLT]. HbFRAIFFT ,39(4) :598 - 604.

Zhao F X,Guo M Z,Hu H Q, et al. 2016. Research on terrain effect of
valley based on digital elevation model[ J]. Journal of seismological
research,39(4) ;598 — 604. (in Chinese)

JRHEE, R, RIE A, 45 2022, LA TR RN AY 3 7% S 0L AF 58
[J]. HhfE TRE2HR ,44(5) 1110 - 1116.

Zhou G S,Zhou Y, Zhou Z H et al. 2022. Topographic effect of ridge ter-
rains based on strong motion observation data[ J]. China Earthquake
Engineering Journal ,44(5) :1110 — 1116. (in Chinese)

JAF, BPUA. 2016, AR GBS Tk SHOARIM]. dL
IRk A

Zhou Y, Lyu X L. 2016. Shaking table model test method and technology
of building structure[ M]. Beijing:Science Press. (in Chinese)

Farghaly A A. 2015. Evaluation of seismic performance of buildings con-
structed on hillside slope of Dronka village — Egypt[ J]. International
Journal of Geotechnical Engineering,9(2) :176 - 189.

Shabani M J, Ghanbaril A.2020. Comparison of seismic behavior of steel
building adjacent to slope topography by considering fixedbase , SSI
and TSSI [ J]. Asian Journal of Civil Engineering, 21 (4): 1151
-1169.

Shabani M J, Shamsi M, Ghanbari A. 2021. Slope topography effect on the
seismic response of mid-rise buildings considering topography — soil
- structure interaction[ J | . Earthquakes and Structures,20(2) ;187
- 200.



LAl FARTEAE LT PR B A= o 1 AR A 169

Experimental Study on Seismic Response of The Zhongjiang
South Pagoda in Mountainous Terrain

JIANG Zhijun'*, ZHONG Ronggiang', ZHANG Lei'”, LI Shengcai', ZHANG Feng', WEI Chunming’
(1. College of Architectural Science and Engineering, Yangzhou University, Yangzhou 225100, Jiangsu, China)
(2. Jiangsu Huajian Construction Co. , Ltd. , Yangzhou 225000, Jiangsu, China)
(3. The Key Laboratory of Urban Security and Disaster Engineering of Ministry of Education,
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Abstract

In order to study the influence of mountainous topography on the seismic response of the ancient masonry pago-
da, we took the Zhongjiang South Pagoda located on top of the Tongyu Mountain in Zhongjiang County, Sichuan
Province as a prototype, and selected the acceleration recordings by the stations of the Zigong Array during the
Wenchuan M(8. 0 earthquake as the input, and studied through a small shaking table test the variation trend of the
natural vibration frequency of the structure at the bottom and on top of the mountain with the amplitude of input
ground motion. We further analyzed the influence of the topographic effect on the seismic response of the ancient pa-
goda and the failure mode of the pagoda. The results show that the natural frequency of the ancient pagoda remains
unchanged under the action of low-amplitude ground motion, and when the peak of free surface ground motion rea-
ches 100 Gal and 150 Gal respectively, the ancient pagodas on top and at the bottom of the mountain is dam-
aged. Under the influence of the natural vibration characteristics of the ancient pagoda, the spectral characteristics
of the input ground motion and the building constitution, the ancient pagoda has undergone a failure mode of
“slight on top and severe at the bottom” . The peak acceleration, maximum relative displacement and maximum in-
ter-story drift of each floor of the ancient pagoda at the top of the mountain are 2 -3 times, 1.5 —4.5 times and
1.5 -4.5 times of those at the bottom of the mountain under the same working conditions, and the amplification
factor of maximum relative displacement and maximum inter-story drift is related to the amplitude of input seismic
motion. Thus, it is necessary to pay attention to the seismic safety of the ancient pagoda on the mountain.

Keywords: mountainous topography; the Zhongjiang South Pagoda; seismic response; shaking table test



