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Fig.12 Cohesive element subjected to compressive

loading model

&1 ERPIVK zHERKA(LAI:mm)
Table 1 Maximum displacement in the z-direction at the
center of upper subplate
HH 1 2 W3

1 -3.48948 -3.48948 -8.65022
2 ~10.4684 ~10.4684 -25.9507
3 -20.9369 -20.9369 -51.9013
4 ~34.8948 -34.8948 -86.5022
5 -52.3422 -52.3422 -129.753
6 -73.2791 -73.2791 ~181.655
7 -97.7055 -97.7055 -242.206
8 -125.621 -125.621 -311.408
9 ~157.027 ~157.027 -389.260
10 -191.921 -191.921 -475.762
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Fig.13 Displacement clouds for three cases

EiE 3
3.3 MBBEZRD BT &

AT BRI A TR GY , 43 b = B i A Ly
SRR TR AT R BTN 14 T3, RSF K a=100.0mm,
$& b=1.0mm, (5 2h =3.0mm, (L E AT P=12.0mm, Ifi S0 2E
B L FE R N G o=1.0N/mm, # B} 12 S50k « E=135.0%
10°Pa, G=54.0%10°Pa,r=0.25,

LRI B Ty ), 5 B 6 il I 4% 4] 43 : 40,50, 100, 200
400,800, B & J7 1] A& 3501 53 1, JREEE )y 1) T -4 2 4l
G320 4 A 5T A 25 o 4l TR U R oy 2 J 2
RSN, %8 5.7MPa, 20MPa, 57MPa —FfiAS [] L1
SR UV B R RN AR XS L B RS 2R

P.A o
e A L K R ’Eé‘ﬁﬂ)zﬁﬁi%ﬁz
X

y

4y |

b

-
-

4 ZAEMBUEGR R T
K14 BERUR DUE T TR Y
Fig.14 Discrete damage double cantilever beam model

W 15 B, B v 2 50 45 T 1T 58 B 49 314 5.7MPa.
20MPa ,57MPa ()3 faf i % 45 0L

HIZS SR AT LU H , B ST 3 1 38, 2r (6 RS 1 2k
S5 R WT ) T A T 5 SR TSR BE (AN TR] B2 1 BT )2
T LR B (AN T) , RIVAH [ PXUA% 2 BT, 3R A T o
BERWINI S AT , ARG B A 21T 0

Pl 15 th e (B T 2 m] 43y = B - AB FI CD B, 2%
i B 57 A% B0 A 00 28 S 2 P 1 8 0 B 2 i fin 2823 B
SbBt BRI GRS T G, BUE MR N B4, G,
HRT G, M2 REGY T, B T B ; BC BL & 2 134
i, N B IC T IRIR AL, N R T BRIT I E R T TR, 4
JEEEY R P R L I SR AR R R R R e T R
JR 32 IR A5 AT LUK AT ATy, O HL 28 LR il 4 S e
TARZ RN R BT BE I AR, 5 TR S )2 i R R
P IRAHSE, R A5 24 R80T R 1 50T Y T R

BiEi 5 DCB 5 ] WA R T i 235, 8 ap (7 i 2R AS
VR 368 AT AR AT iR, DA S5 8 Ol 40 x 1,50 x 11525 R S b
filk 2R M 22 002 , B 5 R AR BRI , S 8 s
PRIME . 3R R /N Do s B5ARY o 3R ) B e 0o L R R A
BT/ | BN PN IR T BT NI EE A, IS B B KA o7
R BT 1 A 3R 3 BTk R 10 K, e LA AS 31 5 o 32 # 2
TP B —HE—F R, bR IINIEE R
Al B T BUER G IS . A% 800 x 11532y 2k 5
Wang 125 W) 45 507 85 R R W, Y N5 %5 B2 > 200~800
B, B AR GRS AR AR SRR, Rl B IE T % 2
G RIS G EAR NI S RO e AT oy
RS A

2 JEJELRE T 1 X R FIOG AR5 B S e ST R
20MPa, llfi 51 22 GE 15 B IR G = 1.ON/mm, P A% 25
400 x 1, %F )y ] RSO 4 .8 12 16 HE1 T T 40 b7, 454
WnPE 16 Firs .

H ] 16 AT 41 Doy 25 HICH00 47 A TR 7 JEE 88 ) I 18 D) %
TR A T PN T ) P A SRR 5 JRE R T 1] XA B
JUFX ke i 25 5 TE I 5

17 455 T DCB BRI N 1 = B, A AL #% 8A {H -



AN A SE TR AR A PPRUA B B R 2 0T e EE 99

—+— 40x1

/N

1% /mm

(a) FHIHISHRE=5.7MPa

——40x1
—H—50x1
——100x1
—200x1
—=—400x1
T 800x1
T SURkE
Y.

1 F%/mm

(b) FHIHI ¥ =20MPa

/N

T 100x1

T 200x1

T 400%1
800x1
PN

6 8
i #/mm
(c) FLifI 51 =5TMPa

K15

10 12

A [ O e 3 D A T 5 B 452 % 2807 HIT &

Fig.15 Load-displacement curves obtained with different

mesh densities and interface strengths
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Fig.20 Delamination extension process of composite laminates
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Research on Delamination Damage Progressive Growth of Composite
Laminated Structures Based on Layerwise Theory

Li Dinghe, Cao Jiangtao, Guo Qiaorong
Civil Aviation University of China, Tianjin 300300, China

Abstract: Firstly, the Virtual Crack Closure Technique (VCCT) and Discrete Damage Zone Model (DDZM) is
introduced into the layerwise theory to establish a three-dimensional analytical model for the composite laminated
structures with delamination. The progressive growth and propagation behavior of delamination damage are
investigated. And then, the corresponding C++ code is developed, and the proposed method is verified by comparing
with the classical literatures. Finally, the numerical examples of the type | delamination extension behaviors in the
Double Cantilever Beam (DCB) and 3D DCB are investigated. And the effect of mesh size on convergence and the
interface strength on the results of the load-displacement curve are investigated. The proposed method combines the
advantages of three theoretical schemes, and the layerwise theory is extended into the delamination growth, and the
calculation efficiency is improved.
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