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Numerical Simulation of Earthquake Damage in Rural Masonry Buildings
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Abstract: Earthquake experience indicates that the buildings of the countryside have sustained
more serious damage and destruction than city buildings during recent earthquakes in China. A
main reason is that rural buildings have not been strictly designed and constructed according to
codes. The Code for Seismic Design of Buildings has been under development for fifty years in
China, but it has been given few chances to guide building construction at the countryside’s lower
economic level, Rural buildings have been constructed by the owners themselves and lack basic
earthquake provisions, causing rural buildings to be easily damaged during earthquakes. For this
reason, some measures have been proposed in recent years for improving the seismic performance
of rural buildings. But most earthquake guidelines have not been verified by building model ex-
periments or actual earthquake experiences. Fortunately, as numerical simulation skills develop,
it is becoming possible to simulate the entire earthquake response process for a building. This
study proposed a numerical dynamic inelastic earthquake response model for a single-story unrein-
forced masonry building, using the ABAQUS program. Three levels of earthquake provision
were considered: (1) the unreinforced masonry building, with no reinforced concrete (RC) tie
columns or RC tie beams; (2) the unreinforced masonry building, including RC tie columns and
RC tie beams; (3) the masonry building with reinforced steel in the corners and joints between
the horizontal wall and the longitudinal wall and including RC tie columns and RC tie beams.

Concrete damaged plasticity was used to represent the behavior of the masonry wall. Masonry in
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compression was modeled as an elastic-plastic material, and the stress-strain behavior of concrete

in compression was assumed to be linear elastic. The earthquake response processes of the three

models were simulated from the record of the Wenchuan earthquake, located in Wen County of

GanSu province. The analysis results indicated that the numerical method is a better tool for sim-

ulating the masonry building earthquake response process. The earthquake measures are very im-

portant for improving buildings in the countryside.

Key words: Rural building; Unreinforced masonry building; Time history analysis; Earthquake de-

tails

0 ®

2008 £ 5 A 12 HEEWMNBNEET M8.0
BEALR . AMUAHNEERE XM ARG TNE
TRk, R o Xt A AR B H R & ROk T E KA 45
KU, BRARERERERA, B EESRABER
WHRARGTMEFRENY - EEHRNER, BN
FRMBABERETRTIRTEHN.

Rt BEREFLLEN ERRFTEN TR
FHEERENBERHEARE, BAETHBHR
BT, REEEBRY FHRYWERNEE
TFEE, KRB AN AR HE RN
WRBEFRDIRERSI R K, XA GRS
BHELS. REREBNCEFREERAS T
BV AEME TR, BR_RB TS KR EE,
GEEEEL IS SN N AR - g: 0B R AV S o 1
ZMEH . FHXLEERABRB T ALEE A BRYE
R BIR AT 5 B P .

HTRHERNEEHIREER. TETHKE
EHRERATHBEAER. BRERERRIHEE
THEHMRRERE,. BEEREFERBRERZ A6
FR BRBEA S5 M BB 1 BE L X T 42 S SO R B
WEPEEIE. &3 6AERBEE TR RSN
MR EEE, BRI GEXBTTEBABER LRI R
BLHEEZARRERH, RELEE MR ER
B. MEETBEIELUKFRERS, RERAR
FHETEEMESE B T BN ED S W
REATHRDL, LEEBTERKEE ERBREHHR
RAERE ;AT IR R BT B R A EARE, XA E
IR HTRIR

% T, A SCR A ABAQUS B R ITH AN, X
E—MRENFRNR, BRI ABEOBELSH
BHRITTREL ST Bl 5 BAE MR AE A T B8RS
DU » B AR 20 BT 420 405 A 1A 3 1 ot vk 5 H T AR Pk BB Y
B, BR, TR A MBI R AR R E
A FER T EREREMB B E &K

il

K,
1 #EEHERITER

BREMEEHES BUARTER - BREH
FARFEBERE AR ME R, A E
BT 5T B M 4 ) R A b R I M B S EU BB R M
B SEHEEES RS WRBYHENE N,
FE B B A 2 R B L S b S B R 4R 45 4 RO B 3R
5, EEEIEHAEATERRKR, RE 45 ik
BIRLEH AT AR, BUA SOUR AR R R 4
) Hi 7B F DY .

1.1 ABAQUS HRiTH#%

BT B0 R A R 2 M 1 B A 4 o6 R AV 3R
W5 Ze SR, R HE B S W RSB
43t BRTE A MR N H T REES Mo
oA BRITEKME . AR % ABAQUS # 2
MRS HMAERTEE, FEXEH ABAQUS B
4 B AR LR T BB 7 R0 BE A5 R LRI AR B IK B A e R
MBTEY , B A% 5 A TS H 0T
BAHC . BEMERARE T MG AR
(Concrete Damaged Plasticity) ,{HFF B 5B &
T AR B,

1.2 ABAQUS ##HiBR T My EEER

1B BE 1 451t 2B PE A5 258 3 (F F &% 1) [R] P4 0 5
WS & R FEHERHMERBENERERFRE
THRIERERES B EEN BT BN BRGE
B, AFHEE EAMBMHESMBREEN, LR
ARIFMRSE. Bikpn REMEBHN HRE
JE R &4 5% ABAQUS #AF M,

SR B ERG R RERETRR AR
MEEEESRHEFRHXERX:

E= (1—d)E, (D
RHHE, AMEBRAGE R Ed IRGE T, 4
BRBG, MEREERE TR I=0; M %ES
e d=1,



234 W B T OB % W

2013 4§

1.3 BN N—BEXFR
AXSEERNIIFRBEAM R, KRB
KERBEVRBELIRERTALNWAEE LABEMT R

BMH BB AEZEARXRE .
£
13
—_— e < g
o _ J0.24+ 06—086 (2)
1.2 — 0—2€ € > [

€o
A reo L — R AR 36 2R WL A BT X B 2 2 5 B
0.002, R BRIER B 1. 6ep. X THIRLSHZ R A
WER, M TERFEARSHBRERR . ATMES
%R Bk - % e A9 B IR AR A, AR R BB AR L
0.000 1,

2 B ERTITEERHEIE

F OB PEE S BEA XA LR,
A % B E AR BB AT AT
2.1 B84

SCHRE5 18X 10 AR R KB W BIASE T T
BRAPREmMB AR . ACEH 2 FXBEHETE
iE, 545k W—2 #1 BCW1, 4 W—2 Z%&
AR AE A, A TR K& 5B A XA
BCW1 Jy ¥ @ B Fe# Ak, A TF 719R A 3 @ 7% B3k
. BAAERSH 5] A HONCE

400, 1000 450 , 1550 400
] T ]
< (w2 mE R |
o c‘_
~ B S ) S -3
o o S S S S
oc I[][[Illl‘ lllllllllllllll -
w R T T T 1T T T T T T T T 1 S
L e o L =
5 - S -
= I ) I I O J.-\_l 11T I 1.1 I
= R
| 600 p4q 2520 @4(11 600 |
;I, 4200
(a) RRHHFW-2
400, 3000 400,

350

[ BCW-1 R |

500
189 180 180 1420
g0 180 188 b

|

400

600 240 2520
T 2200 "

(b) ABKHFFBCWI

A1 &4 W—2 f BCW1 JLATR T+
Fig.1 The geometries of the walls W—2 and BCW1.
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Table 1 The basic parameters of walls

WER  ERE DRE  BEL
B %m m/MPa M7 g MPa 3RpE/MPa
W—2 X 0.5 I 4.5 /
BCW1 E2ps] 0.5 X 3 16.9
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Table 2 The mechanical properties of steel

ER JE IR 3% JE B L 1 R 3R B
/mm B /MPa AF [ u& B /MPa £ /MPa
10 266 1204 451 220 845
6.5 278 1352 493 205 591
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Table 3 Reuslts of experiment and simulation
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nE & K B#l BB #
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BCW 200 185 349 337 2.3 1.7
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