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Abstract: To study the seismic vulnerability of brick masonry structures with openings in their
walls, we used ABAQUS finite-element-analysis software to construct a model of the walls of a
brick masonry structure, and established reasonable wall-model and numerical-simulation param-
eters. Comparing our simulated values with the test values obtained in previous research, we veri-
fied that the model parameter values were reasonable. Using measured mechanical change data,
we analyzed the earthquake vulnerability of a brick masonry structure. The analysis results show
that with increases in the number of wall openings, the load capacity of the wall decreases, the
horizontal bearing capacity increases, and the relative degradation rate of the wall stiffness increa-
ses. The more openings there are in a wall, the faster the lateral stiffness of the brick masonry
structure decreases. Therefore, the seismic vulnerability of a brick masonry structure is more ob-

vious as the number of wall openings increases.
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Table 1 Wall model parameters

i A 44 Bk T T LA P A 3 A 1= 58 16 FEIRE Ff e IR AN/ mmX &/ mm KM/ mm
C1 7 0.656 X J & 15
C2 % 0.656 % gy 1 100X 1 400 15
C3 & 0.656 % 1 RPN 1 400X 1 400 15
C4 w 0.656 % rpgy 17001 400 15
C5 & 0.656 R tpgy 2 4~ 850X 1 400 15
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Table 2 Parameters of ring beam, structural

column and lintel
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Table 3 Comparison errors between numerical simulated

and tested values (Unit: %)

1% 1k 2 R Cl c2 €3 C4  Ch

1 54 S AR 2L A 3 1.8 1.9 1.9 21 2.0
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5 e BR A 2% 2.2 36 25 26 2.3
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bR T 507 3 1.8 09 21 22 1.5
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Fig.1 Pressure-displacement comparison results of C1

S

ik
---------- B8

Il L 1
0 2 4 6 8 10 12 14 16 18 20

O Il Il 1 1

>
£ #%/mm
H2 C2oym-fafsisdR

Fig.2 Pressure-displacement comparison results of C2
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Fig.3 Time history of ground motion acceleration
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Fig.4 Diagram of wall openings



%541 % 5 3 W WO R TTIR T B A4 g R 5 M T 57T

AR SO T2 1% 1) 235 40 i 7 B 42 S R
FHA S S JI T2 S S i A 050 380 B8 4 ) M R U8 T
3 Ml Ao R TSI 5 R T I 5 R B R RE R L
FAFR.

R4 FRSAFREERE LR

Table 4 Seismic performance data of walls with

and without openings

1R 24 FR Cl1 C2 C3 C4
T 2451 4%/ kN 240.75 130.88 107.42 78.58
20/ mm 1.4 1.35 1.18 1.05
1% BR 7 2/ kN 387.8 265.36 241.35 213.13
e BR A / mm 8.12 9.33 8.5 8.28
Tl IR ff 42/ kN 328.06 224 203.48 180.5
W PR3 % / mm 17.3 11.75 10.52 10.08
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Fig.5 Calculation results of horizontal monotonic
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Fig.6 Calculation curve of lateral stiffness degradation
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Table 5 Relative stiffness degradation rates of walls with different openings

k1A 44 B C1 C2 C3 C4
WAL b B BN W B2 / (KN » mm— 1) 47.36 28.18 28.25 25.62
WAL b 1) B LW BE / (KN » mm 1) 17.31 17.16 17.34 16.08
FFRA AL ) FI LW BE /(KN » mm ™ 1) 156.13 96.14 83.02 67.60
IR/ mm 17.30 11.75 10.52 10.08
WEfE A%/ mm 8.12 9.33 8.50 8.28
AR A BE IR AR /(X102 mm ™ D) 1.66 3.20 4.17 5.03
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Fig.7 Diagram of wall with double openings
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Fig.8 Result of horizontal force-displacement of wall

20

with different number of openings
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Fig.9 Results of wall stiffness degradation with

different number of openings



%541 % 5 3 W WO R TTIR T B A4 g R 5 M T 579
. [3] BKRI, 4P, T W rE . % 58 5 5 HE 46 15 10 4K A7 TR Bk 1 HE 22
3 i

R A5 B AT R S R TR 52 00 R B 2R % 1) 1A 45 4
Mo 72 Sy P o B 45 2R 4R v i SR AR R B R R BLRR
PERE . R ABAQUS A7 BR T 73 v #1443 JT 1 55
PRASE L, 5 7R Sl A L B AUL SR AT IR S e T s 2
il WA 25 K 728 A 1 0 5 MR AR I 45 84 D7 8 il ) 4% 245 A
4 3 2 A8 A B 0 BT B TR e ) A 4 R Y b R
Witk

JIt B o3 Bt T3 1 A7 AR LU T BRI G A4

(1) R H ABAQUS A7 FR IT 73 #r B A 4y A 14 i
PR RS 5 SRt 7 T o 8 A RS — B, 3 i ik
TEAT B A1 VAR 45 44 0= 1 B 2 JOnT S M i, BiE
% YHE T A 30 0 552 v e D K 45 ) 7 i 5 v Y L 2 AR Ak
00, DRI R A 5 5 B — BRSS9 35 (A Y Sy 2 B
Tk 27 1) 5 6 5 SR R A T ) K0 i

(2) S50 M AR T R /DN T i Kt v T T
I R 0 W (Y 45 48 2y 4 1 o 368 o R BBOAS [ O3] 4%
S5k A ) B 9 7 -0 B 4 R LR N I R A R AR A
R G N R VR US AR R N TP TR S E RV
F14 M 75 5 104 155 D0 5 308 5 2 BT AS ] O 31 K B 358 4 9 UK
VI3 B A5 R W B IR AL 5 2R BF 5T 5 R i 1) AR 4
F 1 M 72 2 P RE

EELEIE T Mo R I B A 5 R T IR R 030 S5k
PRI 4RBE 0T B 35 AR K S 7R 48 3 I i R AR L B
AR X PO J3E AR P 3R 8 5 5k R O ) e 22 L s e
I S5 K 00 1 W 38 e PR . PR L 20 BT AT S B
TR AR i AT T B 22 4 s T2 1 T A 45 4 19 ML 72
VRN IETE TN i

T SO T BIR S SR ) A B L A G TR 4 1Y
PRI BA REMOE 2 Vb A 68 1 352 5 n] 51
HERRTHE . AEH AR, SO 8 e 2 Ak L A iR
MES , BBV AR IE 9 I

5 % Lk (References)

(1] kMg, XUPRAR 25 8, 55 AR SO0 i) 1 45 4 s &t 42 4 Bt
AN 5 e [T TR HURZ 5 [E i, 2016, 38(3) :124-129.
ZHANG Mingiang, LIU Baodong, LI Yuzhong,et al.Safety and
Seismic Performance Detection and Identification of Typical
Masonry Structure Building in Rural Areas[]].Earthquake Re-
sistant Engineering and Retrofitting,2016,38(3):124-129.

[2] L 22 @S HOR 36 2 b L)1 Tolk, 2017, 44
(7):59-62.

LI Jia.Seismic Instance of a Multistory Masonry Building[ ] ].
China Forest Products Industry,2017,44(7):59-62.

[4]

(6]

(7]

(8]

9]

[10]

[11]

[12]

LK bR B BV 2 B L) ] SR A 4 2 408, 2016, 37(9) : 26-32,
LU Dagang. JIN Guoqing, YU Xiaohui. Modified Seismic Fra-
gility Analysis of Reinforced Concrete Frame Structures in
Consideration of Collapse Probability[J]. Journal of Building
Structures,2016,37(9) :26-32.
Gy PN I AR T HE B BT T 35k 2 45 4 M AR B 4k 4y
BrlJ] AR SURL % 5 TR 24, 2015,32(5) : 17-24,
YT Weijian, SUN Wen. Seismic Fragility Analysis of Frame-
wall High-rise Structures Under Near-fault Ground Motions
[J].Journal of Architecture and Civil Engineering, 2015, 32
(5):17-24.
PBLEL, T B L E R R 7.1 GO 2 S T A X
i R 47 B WP WE 5 [0, 4t 7R TR 24 4, 2016, 38 K 2)
314-318.
YANG Lichen, LU Ning,FAN Guangjie,et al. The Analysis of
Vulnerability of Reconstruction Buildings in the AreaStricken
by Yushu 7.1 Earthquake, Qinghai[ J].China Earthquake Engi-
neering Journal,2016,38(Supp2) :314-318.
BT IR LA L T Push-over B4R A 14K B )2 Hb &
WA R A (). At ARl R 22441, 2016, 39(2) - 341-348.
ZHAO Jikun,ZHANG Huiqing, HUANG Shujun. Seismic Re-
sponse Analysis of Rural Masonry Building Based on Push-over
[J].Journal of Nanjing Agricultural University,2016,39(2):
341-348.
N XCZE R /INGE S A2 B 9 R b E SR A b R 5 M T
(J.45 4 T/ ,2015,31(3) . 114-121.
JIANG Huanjun, LIU Xiaojuan, BO Junjing. Seismic Fragility
Analysis of RC Moment-Resisting Frames[ ] ].Structural Engi-
neers,2015,31(3):114-121.
XURLTC , 25 ¥ 1 Hh A5 5| G A SR 445 A 400 405 AT Sk L 0 B (T .
WM E,2017,34(1) :423-426.
LIU Keyuan, LI Haibin. Prediction and Simulation of Damage
Reliability of Building Structure Caused by Earthquake[ ] ].
Computer Simulation,2017,34(1) :423-426.
F BN X0, B i A 37 5z IR L R AR T B0 4 AR
3 Hr L] R HR 5 TR, 2018,18(15) : 281-286.
WANG Feijian, LIU Rushan, MA Zhaohui. Damage Measures
Analysis of Independent Cave Dwelling under Earthquake[ ]J].
Science Technology and Engineering,2018,18(15) :281-286.
MAVROULI O, GIANNOPOULOS P G, CARBONELL ]
M, et al.Damage Analysis of Masonry Structures Subjected to
Rockfalls[J].Landslides,2017,14(3) :891-904.
XA B 45 B L T, 4B ORI B At S5 ) S 0 e ) A1 e
S T B 150 DX e () ] 0w BB R 2 A 4R CH AR RO
2016,31(4):57-64.
LIU Ye,DAI Yimin, LEI Jingmin, et al.Influence of Opening
and Distance on Vulnerable Areas of Tandem Low-rise Build-
ings[J].Journal of Hunan University of Science &. Technolo-
gy (Natural Science Edition) ,2016,31(4) :57-64.
WD - BY IR TER . TR M MR 5 B 5 & v



580

},?ji-

Hi

T

B R

2019 4

[13]

[14]

PTG 7 SR L) . @ SR % 5 TR 4R, 2015, 32(6) -
17-29.

WENLIU HAN Heisha, ZHANG Yong-shan, WANG Day-
ang.Review on Seismic Vulnerability and Economic Loss As-
sessment of Engineering Structures[ ]].Journal of Architec-
ture and Civil Engineering,2015,32(6) :17-29.

MORANDI P, MAGENES G, GRIFFITH M. Second Order
Effects in Out-Of-Plane Strength of Unreinforced Masonry
Walls Subjected to Bending and Compression[ ]]. Australian
Journal of Structural Engineering,2008,8(2) :133-144.
SRR, R AR T WO, A5 AR HL N FF TR 25 A 4 R 1 hE

[15]

FELI TSR, 2015,31(3) :102-109.

ZONG Lina, DU Dongsheng, WANG Shuguang, et al.Seismic
Performance Analysis of Structure with Opening Slab Irregu-
larity[ JJ].Building Science,2015,31(3):102-109.

BAZE, F1fH, % R, 5. 26T Probit-Bayes J5 2 19 fiff i b
BRI B % A B R, 2017,13C11) < 17-
21.

WEI Lijun, WANG Xiangyang, LUO Aimin, et al. Investiga-
tion on Seismic Vulnerability of Storage Tanks Based on
Probit-Bayes Method[J].Journal of Safety Science and Tech-
nology,2017,13(11):17-21.

Nz Az Ve Az Ve Az Ve Az Az Az Az Az A Az A Az A e A e e e A e e Ve e e e Az e A e A e e e e e e e AE e e e e e e e e

(E#% 560 T)

[20]

[21]

HESHUE AL GB 50011-2010[ ST. A6 50 . o B 4t 51 Tl i iR
#,2016.

Code for Seismic Design of Buildings: GB 50011-2010[ S].Bei-
jing:China Architecture and Building Press,2016.

o SR o 1 T F 9 BE . SAP2000 i SCRR A 5 e LML AL

AU N RS R 2012.
China Institute of Building Standard Design &. Research Co. ,
Ltd.Guide of the Chinese Version of SAP2000[ M]. Beijing:

China Communications Press,2012.



