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Analysis of Nonlinear Damage of Ecological Composite Walls
Filled with Different Materials

CHEN Guo-xin, LI Jian-hua
(School of Hydraulic and Civil Engineering, Xinjiang Agricultural University, Urumgqi 830052, Xinjiang, China)

Abstract: The numerical models of the 5 ecological composite walls filled with different materials
were established by finite element analysis software ABAQUS, then the nonlinear damage
analysis was carried out, and the results were compared with experimental results. The damage
field distribution and plastic damage behavior of 5 ecological composite wall models were studied,
the damage evolution process of typical region of wall was analyzed, the idea of damage-reduction
design method based on the performance of ecological composite wall structure was put forward.
The results show that the damaged areas of ecological composite walls are mainly concentrated in
the middle layer of blocks, the junctions of ribbed beam, ribbed column and base and top of end
frame;the changing laws of damage indexes of local and global are increased by the effects of
accumulative deformation; global damage index provides certain theory basis for earthquake
evaluation of ecological composite wall structure; block, ribbed grid and frame are three seismic
fortification lines of ecological composite wall structure.

Key words: ecological composite wall structure; nonlinear; damage evolution; damage index;

block; ribbed beam; ribbed column
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Fig. 1 Construction Detail of
Ecological Composite Walls

ECW-1,ECW-7, H d1, XML-1 & N 3E ¥ ) T 4k 4=
THEBBA S E G IR XML-2 S5 N 4 EPS
BE RHRBE TR S A B AR XML-3 N IE AR
WA gk P M A R E A IR ECW-1 2y NI N
IR EE T WIP RS AR ECW-7 Sy Iy AR AL TS
M AESE G, BRI E S iR E . O % &
BEARF T AL 5 O Bl AR I &R 04 T o 10 AE AT 55 I8 22
S A [ 4 s QIR 22 5 IR R O B il 2 .
SRS TR BRE 0 R B SR FH 4 Atk 4 D8RR 3 — 4 S AR
JNTH AR B IT (C3DSR) 4N fifi &k AT T3D2 T, )
5 Tl A% 2 TR) 0 22 fish 5 & v, ) HR 4 ik 35 18D S DA Je T
JUh A% 5 b 2 T Ay 2 A5 T 5 A R 5 AAE 22 () Y 4 Ak T
I F P A% ik 2 T DA DA JR T L AMHE 5 finh 3 1 Ok 32
FETH

F1 KNSR

Tab.1 Dimensions and Reinforcements of Specimens
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Fig.2 Numerical Model of Ecological Composite Walls
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Fig.3 Comparisons of Skeleton Curves of Walls Between

Experimental Results and Numerical Simulation Results
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Fig. 5 Local Damage Indexes of Parts for

Ecological Composite Walls
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Fig. 6 Damage Evolution Processes of Parts for Ecological Composite Walls
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Fig.7 Damage Evolution Processes of

Ecological Composite Walls
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Tab.3 Damage Indexes of Ecological Composite Walls
Under Different Earthquake Levels

it 18 B

e LA ik
J e WA oh B B P
B W 25
B A rp 2 R R B D T 0 e X A il B
FUR B i A 248 O T IR 1 I B
AL GE i A R B il B )
EEEAT
IR 1 258 1 2 A 2= ) 3L
AR | R B TR R Y R A LU AT R R
GG FE0r
NSRS A AR (R N TR LY
FEEEIR | JE O S b S A B R R VR B
LB P R i 05R AR
IIHE A Ry 3% U A A e A R L

15035 ] (0.97,1.00]
FE TR, 3% 1A 25 4 Jm 8 3 2k T g

3 ORI I 07 15 RO RV AR S A R R
TIN5y R 5 G IR I 4 8 R A N 45 405
WL R IR . 0P SEPR A R AR R E AR . S IR
3 AT APl A 25 52 45 Bk 45 M AE A [7) i A T 114 45
s
3.4 3EMEMERETHRENS RIZITHE

TR AR A P R A T AE 45 B B
BIIR R BL T AR SO R B S B
RS TRV R A S A A R A T R 5 A A
IR ITTAE 2 ANy Horh s RS A O SMERE | I 1
HE 1 538 LB 058 R AR S ) S L 23 RT3
Bt FEARREEN T AESE G T
PR GCOCHE R[] T AR Bl oy — 1k . MR T 58
203 AR P (9 SEC T R AR D S5 R S T o K B
2k Ji R — IR R T IR I8 B AR A RE R VIR
PCLE ARG WL AL 2548 Bl 7 ek A5 B 0 s B2 o 4k

[0,0.10)

LR [0.10,0.20)

(0.20,0. 5%

w
(521
[}

(0.55,0.97]




%3

MR AT, R E R SLAT A S B AR XA 2T 37

SEHEN S 5 24 0 R TS5 R BB AT S W AL A D S5 A
(565 2 18 73 K B 2% AR AH 45 K B ) MK Y- £ 25 T A1
HE 28 Je e 4 i F i 2 25 A IR R 0 3 BBk, 48
ST Sy A AR S R A 10 O KPR BT

N B A 25 5 G B AR oy RFEE Al A L R
M AR S B S ST A R A R R A R
(GG 1 2 0 G R DE VAR T B Q9 o R ey
A AT R B RE H AR . LUA B R 3 185y
LUEE

(D2 1B KBk /N i A B Bt ONERD
S5 DR FF BRI B A 1 Bl i B/ B 45 A

(2)%5 2 38 7y F By e - vF 25 fE i A B BE (R
) o D B K 2 R RO B 5 R T S AR
WAR A G I BEZE Al 45 45 T 5 ol A e A0 05 AR 20
B AL

(3D 3 18 73 J B £k « 53 BE B o A Be (RR2)
PEAS B A SRR 2 H R B 46 B B BRGE ) TAR L 45
Hey it P B 55 b — TR 10 B E IR AR SRR I R LT

HEHR S S5 H A5 22 LR I A5 /N
4 45 i

(15 Hin 3k U (9 B (e T 30 485 2R AR A 1 10
2R 2 W) 5 B UL P A S A FR OC B (e A T L
A — R RS B R g

(2) 2S5 5 Sk A 1) 90 A0 DX 3 2 2 46 P 7 v (]
JZ 1B Ul 5 A0 AT 5 B AL DL R SIMHE A BRI ThU A
A T B A 11 1) B A5 3 e IR A A 22 5 JRg IS R A 43
P45 Bk R AR e R — B, 7R AR BB T £ B
H AR R

(3T A Hh 11 o A 450 3 4% K50mT LA 355 1 )
DRFEREHEAT VMY - O A 25 5 6 B A5 4 752 I VAl 3R 1
T —E B AR .

CAO JORE AL 2 8 19 4523 3 40F 5 20 M A ROV 2 T
EABRER A 3 AN E A — BB A S SMIE
532 I 3 B v o3 B BORE O 72 RE B L 92 B 3 JH BT AR
Bl 2 11 4 aed it 2 0L S W 485 78 2 5 AR B RUZE ) 4
FHB B 1 B RUBE (4 4 1 458 003 3 A% A R A O AR
A GRS AR A Z 18] 9 Bk ] A A 23
PRt T —E Y FIEAKHE  [R] i 42 AR A R B R A
He T YEREMY 0 KBTI L M L
S E 3k

References:

L1 = g0 fd. fR o, 55 I IR BE b B i ) o

[2]

[3]

[4]

[6]

[7]

[8]

HEREMF R RS RBLT] &S TR0,
2012,29(4) :44-52.

GUO Meng, XU Jian, XU Fu-quan, et al. Research
Status and Prospect in Mechanical Properties of Aera-
ted Concrete Block Wall [J]. Journal of Architecture
and Civil Engineering,2012,29(4) :44-52.

PREDRT. 8 .9k 1. PUIROR [R)ARL I 7S ) P A 25
A AP R LT ], g R A AR
f,2012,43(11) :4491-4500.

CHEN Guo-xin, HUANG Wei, ZHANG Yin. Com-
parison on Seismic Behavior of Ecological Composite
Walls Filled with Different Materials Block[]]. Jour-
nal of Central South University:Science and Technol-
0gy»2012,43(11) : 4491-4500.

WRAE A Bl RTAE AT 22 2R, . B T AR e R TG KK
TZRZWE LAER AL BT ()], BN a 1 % 4R
2009,30(6) :44-53.

CHEN Shi-cai, LU Xin-zheng, REN Ai-zhu, et al.
Nonlinear Analysis of Muliti-story Concrete Frame
Under Fire with Fiber Beam Model[ ] ]. Journal of
Building Structures,2009,30(6) ;44-53.

TRBCRI L i 8 95 4 KM . 25 SEBEORHI A5 SR AR 0 = ] 19
R R T e I N | T =R I
2011,27(2) .38-44.

ZHANG Yi-gang, ZHOU Hai-tao, YANG Da-bin.
Modeling Method on the Elastic-plastic Analysis of
Spatial Grid Structures Considering Cumulative Dam-
age Effect[J]. World Earthquake Engineering, 2011,
27(2) :38-44.

PIRER. 0 01 RO M. Jemt B 24 AL
2002.

LI Zhao-xia. Damage Mechanics and Application[ M].
Beijing: Science Press,2002.

M. L HRIEA TSR SR
WEL] ARKESIR,.2010,19(5) :115-118.

ZENG Gui-xiang, HUANG Hui. Structural Energy
Dissipation and Setting Up of Multiple Lines of De-
fence Under Seismic Action[ ] ]. Journal of Natural
Disasters,2010,19(5) :115-118.

Weikws g 2 L E B TR MRS
W52 & s p AL B A5 M AR R T . A 5t 5838 R 222 4l
2010,34(4) :50-55.

YAO Qian-feng, PANG Nai-yong, XIA Lei,et al. De-
velopment of a New Seismic Structure with Multi-rib-
bed Composite Wall Based on Seismic Concept Design
[J]. Journal of Beijing Jiaotong University, 2010, 34
(4):50-55.

0, A IRER L BRAE S T T S5 IR A TRAL 1 2 ROE



38

EAMFE TRFR

2013 %

L9]

[10]

[11]

3 3 3 3 3 3 3 3 3 B3 E B E B E DO E DI E IO IOCICIOC D0

PRI ], AR B R 2 2 e A A B2 i, 2010, 40
(5):1047-1051.

GUO Li, LI Zhao-xia, CHEN Zhi-wen. Structural
State Assessment Oriented Multi-scale Damage Model
[J]. Journal of Southeast University: Natural Science
Edition,2010.40(5):1047-1051.

Z ERWE.ZE T ET ABAQUS BN i i &
T AHE ARG M R A BT LT DL RS54 . 2011, 41 (3
1):249-252.

LI Zheng, ZHU Bing-yin, LI Ning. Seismic Damage
Analysis of Reinforced Concrete Frame Structures
Based on ABAQUS[ J]. Building Structure, 2011, 41
(S1):249-252.

o BB BRI DG R w4 A A 2 P R R
P AL B AT [T ], AR HUAR 5 0m & B, 2010, 32
(1):110-116.

ZUO Xi, YANG Shu-cai, CHEN Guo-xing. Analysis
on Evolution of Nonlinear Seismic Damage of Subway
Station Structure[ J ]. Earthquake Resistant Engineer-
ing and Retrofitting.2010,32(1):110-116.

i £0. 7 F. HUBRH T 2R b 5 R Y b R B R
BFELT ] b 58 ol oK 2% 2% 4, 2011, 37 (11) £ 1692-
1698.

(BHERIZE)2014 F4EITIE

CRFBLZ )R T T 1985 4F 02 th vp e AR IE AN AT 55 I & i al 3248 v Bt SR 2 ik 5 e &2
IPBTE SR R IR B VERHEON TGRSR )2 U B AR A 75 B39 1)L 9l b SO0 9 FI2E H D
2004 AR RRSCSTRe 2 v TR A0 300 1 L I 2 AR 3 1) Ol 28 RO K6 38 45 AN Bl RV A R 2R 30 D
(7] ff s 2 [ b CODEN At e sge 391 1) | [ B 3 25 R 40 %08k 28 G i3 303 1) LICONDA [ B gt SR SC ik %
P PRI T . A 3 7 > i SRR R R M T L CE AR ) T 2006 4R 6 R B sUH Il H T OF
TG R RS A T
CREFURE2A)TE A L TE T TR 1 S5 PR AT A S 4k L 200 B 3 48 {1 b SR Aty L i SR 45 4 L 3 3B
GBI 3 SRR A S B A L Ml U F T R AR BOR AR R AR R AR A S
191 L R b o WY 18 15 5 S 25 L IR A R S R e ik e 9 4

CREGTRE )™ R R g 507 RSCTAT A2 U0 36 oA 2 S SP0RT RE IR B BOR B o BB RE LB ™ il B9 T &
FIAE) L AR 19 RE AT 5 22 2 500 v i RUBEAL B 3 RO SRBET T 0 e s R L S SR B LK B IR LR
TR F RS AL
CREFBLE) A TR 16 TFAL 112 5T, 87 20 H H b B2 0 12 Jo. 2 4R 38 144 50 B N R &
AT 2-381 5o B4R B AS TR AT FR I 3K L K 9% 4 5 T i 2004

[12]

[13]

[14]

Hio HE: W T SR AR 30 F(EAAF BN

B 15:0010)64517786 64517427

E-mail: busc@263. net; bjb365@126. com

NI Hong, ZUO Xi. Seismic Response Characteristics
of Subway Station Structure[]]. Journal of Beijing
University of Technology,2011,37(11):1692-1698.
REWETS Wkl , B . A2 5 BEAEAR BT Y 5 4
FNFERE 43 BT LT 1. Wk BH & 51 K 24 2 4. B AR Bl 22 1t
2011,27(5) :859-866.

XIONG Yao-qing, YAO Qian-feng, XIA Lei. Study on
Damage and Energy-dissipation of the Fundamental
Element of Multi-ribbed Composite Wall[ J]. Journal
of Shenyang Jianzhu University: Natural Science,
2011,27(5) :859-866.

FHOORRL G AL S A R (R BT AR P R TE AN BT
210, TR H2%:,2010,27(3) :123-132.

YIN Jiang, YI Wei-jian, HU Qi-gao. The New Method
for Estimating Seismic Performance Structures[]].
Engineering Mechanics,2010,27(3):123-132.
LR R GRGEFR IR Ty RO A HE SR M BT
mmE k0] EAR TR 54 H24. 2011, 28
(3):40-45.

SU Yuan, WU Sheng,ZHAO Chong-feng. Design for
Frame Structures Seismic Retrofitting Based on Dam-
age-reduction Model[ J]. Journal of Civil Engineering
and Management,2011,28(3) :40-45.

BB 4% :100013

R B B P B P P PP PP B P B P B P B o B o 3o

>
A
v
A
v
A
v
A
v
A
v
A
v
A
.4
A
y
A
.4
A
4
A
.4
A
¥
A
4
A
4
A
4
A
4
A
4
A
4
A
4
A
14
A
4
A
14
A
14
A
14
A
14
A
14
A
14
A
14
A
14
A
14
A
14
A
14
A
14
A
v
A
14
A
14
A
v
A
14
A
v
A
v
A
v
A
v
A
v
A
v
A
v
A
v
TL



