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Fig. 4 Acceleration couple effect affected by El-Centro wave

3.2 REHRERBIMEE

YN 353 1= Rt ) IIBE 954 i ) QAT ES 3 ]
5 T 7 » R B RENE AR KR o R R AR AL BLAE S EL
Centro JiH #R B} X N T80 — 35, HOW ) i 2k 5 = 1) i
2 T00 2 (R R IR S5O N L 3 3 s . AT L 7 B2k
45 3000 s R IR 3550 0 (WS K T 8 B3 B A B 8 3 B I
v TN FEE A1 L A 4% T 00 WL 1a) 0 28 45 = 1o o 48 1 4
P 35 7 AT AT 8 S R D A0 07 11 73 Al 48 — 3

Xof b 19 ol 1 5 908 A 28R o o EE S R ) EB 8
A UL B 8 BEINER v 1) g B b, H Ay T 2w A
T B o 0 i) A0 28 5 = 1 o 288 s BB 2 17 A R /N 6 &R
— 5, FUAB ISk Bt 5 A AR AL L o T, 45 T
PLREIE R BT R 0. 8~1.5, AT ILJE A .8



166 & h. W

5540

1.0 \ ¢ 1.0
\‘\
0.8} Ny 0.8}
“»
0.6} 0.6}
m&: f/ mx
04} ! 04}
+
1
02f [T 02f
/ —_—
o=
/
0 L 0
0.5 1.0 1.5 2.0 0.5
C,
(a) 7HE [ (b) 7P yil

(a) x-direction at 7 degree (b) y-direction at 7 degree

1.0 1.0 e
\
0.8F 0.8F
—a— X Ny,
e--= O
0.6 0.6 -
) &)
0.4r 0.4
0.2F 0.2
0 0 Il ¥ Il
0.4 . . . 04 0.8 1.2 1.6
C, C

(b) 8y
(b) y-direction at 8 degree

P S SRR RN S R IR A

Fig. 5 Acceleration couple effect affected by Tianjin wave

(c) 8F xM

(c) x-direction at 8 degree

JEE B IR 35 (A DR 7 B R B 1~ 3 SR B R
P B K 2 23 SR T 0 ) I B R R S I A
L2553 2T O, 808 v m NI EE 53 i
SIS 249 2 s 5 XU pw) b = 1) 5 A R & 4% A8 43 1
S IR A A 22 TR A T EORR B S0 B R Y
AL HAL T A 58 4 — 2, w] WL B a5 =
i) JO 28 38 2 7 4P G 250 2 80114 74 A ML e S A
— B0 25 R A N U B

4 {7 ER R

4.1 El-Centro iZ1EB THII

El-Centro ¢ # il T 45 #4 37 # #8515 200 4 141 6
JIE 7« AN R4 T 00 T R K 250 007 A% 50 I 00 s 2 1Y
AR — 20, 7 BEIM AR o 16 57 B 1 15k 2 il
0 v L AR A AN WA 1] 57 s 8 BB 280 AR A 5
3 JRAEACER T KA IR F 3.5 XL 1) Jin 28 S = 1)
T A5 0 R B 25 1 AR RO(E 5 O B L T 8 BE o 28K
IS A 000 [T A R AR 22 K Hevh 1 )2 Tl i
4.2 REBREEATHALE

R IVl I RS M R I 28 il £k 1] 7

(a) 7/ xI]

(a) x-direction at 7 degree

(b) 7y
(b) y-direction at 7 degree

1.0 a\ A LO+—=
e |
0.8F \ 0.8F)
N |
I K ki
0.6 \ 0.6F !
& & |
T \ T !
04+ \ 04F !
b |
021 02
ol - 0
06 16 c 26 36 0.5
d
(c) 8FF xI (b) 8FF yi

(c) x-direction at 8 degree (b) y-direction at 8 degree

6 El-Centro J sl T {3 5% F8 B 280 i

Fig. 6 Displacement couple effect affected by El-Centro wave

PR B 8 BE AR 1Yy A2 F% 41, AR A0 F A n]
FIZR 5 = 1] a0 28 P A 3R 240 02 A 178 /N O 2 DA B o s
JE B S AR R — 30 B ORI A N R 1.6,
Forp 7 FE AN AT 2o 10 6 B S R IR 5 2R KR
R BE B 9 28 A RN

X L T A b 52 38 D T A R B A5 Rzl £ ET L
25 T 0 R B A8 7 A Ak A AR — B BR A
I T8 A A I8N A8 A8 A IR 3 /N s AN [a] 00 B 7 %
R 007 i o B A 728 A R AN — B0, B 7 B 2k B
x [ LA A o A T X IO A A D6 280 T 2 A 25
Ko A8 00BN 3855 = 1o Jn 28k i 35 o047 3% 2 I 1Y)
FREX R BUE B BN . R A — L4 F R i
5 A0 B R K RO R B B B A El-Centro
BF S B 7 BEIN BT o ) A B R ) R G 2500 B
JEARAE B R A — OO, Hom 00 = 3 A 22 48
s HT A R B A5 00 0 55 7 B R I R
{H B2 0 e R 728 Ak R A S AR 22 B K. A A DR A
KL REEMTE 7 B El-Centro JE/E T BERP T34, 77
S5 Uk 2 AR T LB AR T K DRI > 245 4 in 28 i
AT L I3 B2 5 A R IR R FE A — B, T 454
— I3, 3 R0 AH 25 BE B3 K

5 HEMERNMAMBEKSE
I 4 R AT L 0 A 2 DA T o8 S M



%1 PRI 4 2 A AR RN R A ol 3 B0 o 50 R IR 0 B 167
1.0 1.0
36 0 hERE
08F 08 m AR
0.6} 0.6 ) aadl
sy = )
04} 04} 12+
02 | S 02}
——e--"Jn 0
0 o--=H 0 7D2-x 7D2-y TD3-x 7D3-y 8D2-x 8D2-y 8D3-x 8D3-y
0.6 c 1.8 24 0.6 T
4 (a) El-Centro J{EH]
(a) 7 x/H (b) 7y (a) Excited by El-Centro wave

(a) x-direction at 7 degree (b) y-direction at 7 degree

1.0 1.0
08F 08F
06 \ 0.6
sy sy
041 041
02F 0.2
0 0
0.4 0.4

d

(c) 8EE xff1

(c) x-direction at 8 degree

7 R HE A T o B AR IR AL

Fig. 7 Displacement couple effect affected by Tianjin wave

(b) 8y
(b) y-direction at 8 degree

1) 2y 3 BN, A7 AE — RE B AR I 8000 A BB 5
P e s e I BT 1 A S EE R RA K. S
M T A8 A T O SR IR B R AT DL A 7K
T J 7 A T+ 45 4 T 2R 7K - T 4 S R L T
3 ST 14 7K V-5 1) B U0 W JBE 3% BHLS 7 LK B
245 500 3 A AR 25 IR 3852 W) SF- TG W 32 0 A AN 4
B G- T A0 20 SR S I R R A R L ALy
iy 15 JUART s, 52 3 22 e 3t 5V S, R B
TR0 T 7K TG A A2 AR F- 30 -5 5 3l I AT LA ; 2
i A = 1) MR I 5 R AR TR A 0 2RI LA 1) O
T i o D) 1) 5 32 i R 4% Oy 3 2 A8 A A SR T
IR L2 s 1) 19 B L) W JRE A0 o B AR S I A L FE B
VEFHR H2 f 1871 508 25 g [ ) 26 7 1T A AL 5 %8 1)
gl 55 45K - 3l A A AR

o BT 22 4 R R T s Bl R AR AR S L 3
S5 LR AU 1) Jee KA W L 8 s, o T 7D2-
> FoR T BRI 1 i R N, H A T
FORTTEME . Al UL A5 00 AL A% B A I R
BB HAD T 00K 1G24 i AE 5 ¥ T80 450
W 8 28 o JHL D TR S 45 g R 5 2887 2 ) e o 35
G 5 A o HEAR T B0 T i B L% A3 B N R IR A
RE I RA B O i Bl o 1.2 72

LR Oy M 4% 0L B4 45 44 30 7 SO (4 R IR 285 1z
AL L B R TE AR AT R T RS R B 2 by L %)
25K 2l 3 5 S PR R TR A 1A T A R T 2 2 T

1.8
0
[ EiVkz2
12}
Dé
0.6}

0 D2 7D2-y 7D3-x 7D3-y 8D2-x 8D2-y 8D3-x 8D3-y
Th
(b) REBAEH
(b) Excited by Tianjin wave
B8 g Jy i BRI R B R (E
Fig. 8 The maximum value of couple coefficient of dy-

namic response

JRU Xk 22 2 3t R A T A R 2800 T S R
DR e A 247 ot 38 B RR RE 1 20 AT I o AN 5 R AT
LRG0 ALK SR AR AR R i 30 00 RN K 20 %
V8 7% 18 2 4 i R IR 52 W) Jis 194

6 % B

D) i AR A 7E R AR TR R 5 O
24, 2455 T T RS B LK BE o A R ¥ 5], R B
- 18 W B T 5 LA e i B 7 2 2 R AR
RS- RS B

2) RS HRAE R T P 2 B R DL
T2 ¥ Be s 4 I 5% oy 5 S5 K0 K P32 3h & A K i
ST T AR B A7 AR I RN A — S RE ]

3) T 2% b AR U N 2R T BT oy B8 i R R B sk
I ZR B8R B 1) 78 b A 3R A — 0 T A B R I K
i 1= 85 11 A8 b B s A N ]

O WIS Z YE R AE AR L 2 R0
SENA I« TR AN 2 R IBC 52 ) B 1) 3 g s g {3 K
20%.,

Z % X ik

(1] BRV. 530 SC AR PR 4. 55, Bk 1y 35 3 5% 5 31 1 1P A
[J]. TAH0E 5 E el . 2013,35(6) :59-63.



168 C S IS R . %540 %
CHEN Ping, YUN Zuoyi, SONG Zewei, et al. Seis- brick masonry structure in ancient pagodal J]. Journal
mic vulnerability assessment of ancient masonry tower of Vibration Engineering, 2018,31(2):314-322. (in
[J]. Earthquake Resistant Engineering and Retrofit- Chinese)
ting, 2013.35(6):59-63. (in Chinese) (107 EALE XU 0. 7622 /8 i 15 25 1 3% 0 425 01 3k 58 1

(2] BV, BAE S REELE. 6 A 7l 38 0 i XU PR A L. gelJ]. 3 5updi, 2017, 36(16):113-121.

Tk #5,2015,45(4) :98-102. WANG Sheliang, LIU Wei, YANG Tao. Experimen-
CHEN Ping, YUN Zuoyi, SONG Zewei. Earthquake tal study on vibration control of Xiaoyan pagoda in Xi’
risk assessment of ancient masonry tower[ J |. Industri- an[J]. Journal of Vibration and Shock, 2017, 36(16) :
al Construction, 2015,45(4):98-102. (in Chinese) 113-121. (in Chinese)

(3] BRF. o %, sk WS IH. 5% 3038 & 5 2 0 %2 & M Al (1] & pf X, F4b R, 5. ARBH e 20 TMD X /N i 55 sl
[J]. Tk 5%, 2015, 45(2) :65-69. A Hprall]. fRsh5 i, 2018, 37(8): 93-98.
CHEN Ping,GUO Qi.Zhang Pengli. Analysis of seis- ZHAO Xiang, LIU Zhonghua, WANG Sheliang., et al.
mic damage and evaluation on the safety of Chongwen The seismic control research of the small wild goose
Pagoda [J]. Industrial Construction, 2015, 45(2) :65- pagoda with variable damping type TMD[J]. Journal
69. (in Chinese) of Vibration and Shock, 2018, 37(8): 93-98. (in Chi-

(4] ). ok Al 36 78 R 5 Hh iR 20 1 % 7 5¢ 3R b nese)

FE[J] B TR S TR ¥R 5),2013,33(2) :164-167. [12] R, TRME. ZEFBLRICIZE £ HE 8 1h
YUAN Jianli. Study on corresponding relation be- P25 H b 5= S A BR e A L) 1. IR 3 5 b il L 2012, 31
tween seismic intensity and damage degree of ancient (20) :38-45.

masonry pagodas [ J]. Journal of Earthquake Engi- HUANG Xiangyun, WANG Fenghua. Finite-element
neering and Engineering Vibration, 2013,33(2):164- analysis for seismic response of an ancient pagoda with
167. (in Chinese) installed SMA damper[ J]. Journal of Vibration and

(5] =@k wabEEAR R HeT R I k] iR Shock, 2012,31(20):38-45. (in Chinese)

TS TR, 2015,35(2):151-156. [13] &, T4k R JAIE, %, FT SMA L% i ol 35 5
YUAN Jianli. A simplified method for calculating the MRz a8 s (T]. b5 apdi, 2011, 30
fundamental period of ancient masonry pagodas[]J]. (11):219-223.

Journal of Earthquake Engineering and Engineering ZHAO Xiang, WANG Sheliang, ZHOU Fulin, et al.
Vibration, 2015,35(2) :151-156. (in Chinese) Shaking table tests for ancient pagoda model structure

(6] EmEN.BAEEBKEMEERGSTEL] iR based on shape memory alloy actuating devices[]].
TES TEIRS.2018,38(2):18-27. Journal of Vibration and Shock, 2011, 30 (11): 219-
YUAN Jianli. Analytical method on horizontal earth- 223. (in Chinese)
quake action of ancient masonry pagodal[ J]. Earth- (147 SR XA KE,. 2. oS- mEHE/ER
quake Engineering and Engineering Dynamics,2018,38 RGEMER M AT Tk g4, 2012,42(6):102-
(2):18-27. (in Chinese) 105,147.

(7] Z=WA . BEZE,DAYALA D, 2. A &8 B2 Hi4 LU Junlong, LIU Boquan, ZHANG Yin, et al. Seis-
AL B BE AR AL LT . B K223, 2014, 17 (4) £ 60- mic response analysis of interaction system of masonry
63. pagoda and subsoil[ J]. Industrial Construction, 2012,
LI Shengcai,ZHAO Youjun,D'AYALA D,et al. Nu- 42(6):102-105,147. (in Chinese)
merical simulation on the seismic damage evolution of [15] AR Je. 205, IR 520 S5 e 35 3k g & 1 08 oF
masonry ancient pagodas[J]. Journal of Yangzhou U- FE0T . R A A3 .2017,38(12) : 154-162.
niversity, 2014,17(4) :60-63. (in Chinese) LU Junlong, LI Xiaolei. Shaking table test on brick

[8] W, EF#, M, & WA AR ZEmn masonry pagoda with solid structure in-filled by clay
B 5 RO FE [T PR 2038 K22 4R, 2018, 53(3): [J]. Journal of Building Structures, 2017,38(12):154-
540-547. 162. (in Chinese)

Pan Yi, WANG Zichao, SHANG Feng, et al. Study

on isolated reinforcement scheme of ancient masonry E—1EE"N:-SAH K, B ,1978 4 11

pagoda in sichuan province[J]. Journal of Southwest At B, FEWIE RN

Jiaotong University, 2018, 53(3): 540-547. (in Chi- TREMBIR SN . B EERA

nese) HUK £ 520 45T S UR 3) £ ik 5 50
(9] 2. B4R Bk it a B8RS & X mg R

P55 58 E [T ). 9% 3h T #2244, 2018, 31(2) . 314-
322.
LI Tao, WANG Sheliang, YANG Tao.

experimental verification of shaking table test model of

Design and

(CEESLEE R 24 4002017 4E4F 38 4546 12
WD,

E-mail ; lujunlong(@ sohu. com




