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3D stress analysis of composite laminate based on a kind of interfacial element

LI Yazhi®, GUO Xiaobo, HUANG Zhiyuan

(School of Aeronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; An interfacial element derived from the combination of two rigid elements and three spring elements was
developed to analyze the interfacial properties of composite laminates. The 3D stress distribution of a laminate was
determined by means of a quasi-3D finite element mesh, in which each layer of the laminate is modeled by Mindlin
plate elements, and the cohesion among the neighborhood layers is simulated by the interfacial elements, for which
none of the additional nodes and degrees of freedom are needed. The in-plane stress can be determined from the plate
elements, and the interlaminar stress can be confirmed from the spring force in interfacial elements. As an example,

a rectangular multidirectional laminate under tension was analyzed. The 3D stress determined correlates well with

that of a 3D solid element model. With the recommended interfacial elements, the delamination damage and its

evolution can be easily simulated by the degradation of the corresponding spring stiffness.
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En/  Ex/ Es/  Giz2/  Gu/ G/
Viz V23 Vi3

GPa GPa GPa GPa GPa GPa

135.0 8.8 8.8 4.47 3.2 4.47  0.33 0.48 0.15

I A B SRR S AE IR O o IR T

i, v BT S BE T . Ol T A S R E = 4
PR T2 [k SR R FH A BROGE P 1) 20 25
M HYESR B TTRI S W )RR DT W AR TR A
TG, B3 4 2 PhA FROTKE R A R A% . 2 AL
TUPIE ML R R =0, FEIEMIMA y=£12. 5 [ff
AT IE 0 A . SRR BT A - SR AR
TS R AR R Z )AL SR T AT 1 (b) (4 FE TR T . H T
AL 2 WAL w =05 MRHY— i BT A BT 4G
[ 5 A8 75 — I B 45 AROC 4 UGN o T i B4 067 A% 45
AT o X 2 SR 28T AT DA U 5 1
FERIE L b 22 8 Je 355 S B (s 8 . Rl 4% 52 %
BRI AT AR W BE A 3h 0 P .

Number of nodes: 9981  Degree of freedom: 49905
(a) Quasi-3D model

Number of nodes: 67937  Degree of freedom: 407622
(b) 3D model

3 o = 4R = 4E AT BRIT o) BT s
Fig. 3 Finite element meshes of the

quasi- 3D model and the 3D model

SRR Ry M A T RA 1 RS EROT,
HESETTZIEE., Mook SE, Boon
T80 PR RS A R T 8 BE 7 1) i ROSTR fig kK. an &
3(b) s AT B A 25 FE R . T = ZE B R X B
TR R M AR TR 43 TR B R R R Y X
SRR T ROEE AT AR s DT /N TS R ASE . X L =
HE SRR G R B2 S = 4RI 8 A
3.2 EENAST

B A S i L LA 45 A 2 Rl 4% 0~7
AT T o T BRA SO S T = 4ERE AL
PR, IFF 45 0 e = AT = A SRR R T Y
JE TN T3 534 o TRV R 45 8 7 A s gy 2 4 1 55
B, HA g X R 4 Fras, 2 1. 3 76 L0,
12.5)F1€0, —12.5) R E.L . 42K 1 mm {2 5 E
DX 3 N 2B S CRELE R s s I 3 ) . O 35 4 T



« 210 -

2 = H 5 R

A R S 32 S - F L iR g T DU AR IS B4 1 T KA B

/ BB AR TR BB 1K

1.0 mm
Y
\ \J/ /
/
~
Amplify // —

B4 3R X

Fig.4 The area of delamination damage

HIE 5 AT LA . (1) 52 11 A B A 2% 19 B i
) B SRRV IV E S R SN I IV LU PN
ANEEE AL AR N ST 1000, 2 T BT ) 6 TRLAL &
il 12 SOREFR 3 AT 5 J2 () IRV T 0 A S TR 2 Bl g
Fro (2)E =ZERERYREAS S e i A ey 2 B 3 1 0 A
JE R AR AR A o T = AR AR AR B S R T B AR
25 AL B2 IR Ty s = 4EBERY A J= 18] 7 ) U2y B

i, PR S AXE I EE R 8] 0~ 3 M RE g b A B e A R S A HE B 2 1] 45 5 5 BE 4 AT B
BEARAR N v ARAR A R AME 29/ W W R HRTE . A T AT RUE . (3) = 4R v = £ A5 3] 1

Normalized stress

0.005

0.000f
—-0.005}
-0.010}
-0.015}

-0.020

Normalized stress Normalized stress

Normalized stress

0.03

0.02}
0.01}
0.00}
-0.01t
-0.02}

-0.03

0.12

0.08}

0.04

0.00}
—-0.04}

-0.08

0.12

0.08}
0.04}

0.00}
—-0.04}

—-0.08f

| (a) Ply interface 0 of the 3D

|

1.0

model (0°/0°)
I
I
- sz
----- Tz
o.
-1.0 -0.5 0.0 0.5
2y/W
I (d) Ply interface 1 of the 3D
model (0°/45°%)
— Ty
,,,,, T,
0.

210 05 00 05
2y /W

1.0

(g) Ply interface 2 of the 3D
model (45°/0%)

-1.0 =05 00 05
2y/W

1.0

(j) Ply interface 3 of the 3D
model (0°/—45°%)

210 05 00 05
2y/W

1.0

Fig.

Normalized stress

Normalized stress Normalized stress

Normalized stress

0.005} (b) Ply interface 0 of the gggf [ (c) Ply interface 0 of the damaged
quasi-3D model (0°/0°) @ Do quasi-3D model (0°/0°)
T e 2 0.002f
. = 1
@ 0.001
—0.005} T 0.000¢
= -0.001}
-0.010F — £ —0.002f —,
----- 7. =} : e Ty
~0.015} Ty z —0.003f v
o, : -0.004F | o, {
-0.020 -0.005L— . . . .
-1.0 -05 00 05 1.0 -1.0 -05 00 05 1.0
2y/W 2y/W
0.03} (e) Ply interface 1 of the 0.008} () Ply interface 1 of the damaged
quasi-3D model (0°/45°) , 0.006f  quasi-3D model (07/45%)
0.02 £ 0.004f
0.01f J 2 0002}
0.00} 4 N 0.000f
[ —, : s —0.002f
-ootp b 7 ; E oooaf | z
-0.02} o. - Z _0.006[ o,
—0.03L— : . . : -0.008 L— : . : .
-1.0 -05 00 05 1.0 -1.0 -05 00 05 1.0
2y/W 2y/W
0.12 - - -
(h) Ply interface 2 of the 0.08[ (i) Ply interface 2 of the damaged
0.08} quasi-3D model (45°/0%) n 006 quasi-3D model (45°/0°)
0.04} g 0.04f
y 2 0.02
0.00f = 0.00}
—0.04L — T g -0.02
;f-" Zo —0.04
-0.08} z —0.06}
-1.0 -05 00 05 1.0 -1.0 -05 00 05 1.0
2y/W 2y/W
0.12 - .
(k) Ply 1pterface 3 of the 0.04 (I) Ply interface 3 of the damaged
0.08}  quasi-3D model (0°/—45°) » 0031 quasi-3D model (0°/—45°)
0.04 £ 002p
' < 001f
0.00F = 0.00}
-0.04} £ -o001f
0.08 4 -0.02}
’ -0.03

5 JRIARL S A 4 R

The distribution of the interlaminar stresses



W A ST UG BT R RS A AR =GR ) A

0.8 - o .
2.5} (@) Ply 1 of the quasi-3D model (0°) 0.7k (b) Ply 2 of the quasi-3D model (45°) 8 3 (c) Ply 4 of the quasi-3D model (-45°)
g 20p g % o6}
2 [ 17 @ 05 i
-§ 1.5 — & 'q;) E oal
Té; rop 0 2'2 g g 0.3}
= 12 =
ZO 0.5F 2 2 0.2}
0.0F < e 8(1) [
-1.0 =05 0.0 0.5 1.0 T 210 =05 0.0 0.5 1.0
2y/W 2y/W
0.4
0.2
2 2 2
£ 00} 8 8
@ @ *3
g 02} 3 3
N N N
Té -0.4¢ Té =
5 —0.6} 5 §
Z Z
-0.8f ~

-1.0

2y/W

PE 6 RSy o3 A

Fig. 6 In-plane stress distributions

JE ALY JZ R g 4 A3 (45 2 PR () & 30k
8T A ERAE . (4) 4 JZ 35005 fili 1L P 7 2 1a] (R
5(H .51 K5 ZHAB T4 2 E R (B 5 (o)
50D BN Ty 53 A KA AR A
3.3 AANASH

¥ TG hi AR 2 i LR 4 F 248 1~8 i
9. #i 2=0 L& FZ2Z2NEMN T 6\ 0 Fl
I HE 6 . T2 1. 3. 7388 0°Hi 2,
CATH I R o A AR, B AL T2 11
SERAE ARG . M = LA R R — 4 AR () 1T N R A
ZERAM —5, B 6 BT R, BAh, IR
i 4k 2 B2 FEARES T A N S . TR
LA . (1) M0 M 4% 52 10 N 3 ST R e, 4
JZ AR B AT B W N ) A AT 5T . SR SEBR TN
I 1 7E Bl B A R AR AR . &L 6 45
RO H B 45 RS 2 i 2 R EE R 1Y 4 R S AR A
M. (OFEZ M2 FEACEIE o, X FR A2 32 10 3R
Ao B LA A ()4 35 A R 0 45 )2 T8 PN R ) 4 A A
W) o SR FEfE = 4E B 0 TF 5 45 SR v s 2 0 X
LA A [ e 15 45 2 100 1T P L 0 43 A A R T

TR R
(D FFHRIPE ST BT S T — M5 4
JE A ARZ 18] ST R OG . R AN il AR T A S 2

e S5 B2 s Al = 4 B 7 19 o = 4 A7 BROCABE AL
1 2o = A S A BRI K 28 i T AR B 8 0 A 2
XL . 2 WGBS 1T B0 R o = 2 AR 11 1 B

(2) XARSCHIN 22 1) B 2 AR 01 el 2 (]
IO 3 4 i R AR IR AN 3 B9 1096 . [RlRE . 5 28 i
JZ AR BRI 45 R AN IR . AE A B I TP Rt A
TEBR I AL

(3) i = 58 R0 K J2= 18] B2 3 RS P9 B ) 53 5 T
oK ] a8 AR T R 3 G IR R T AR AR e
B A T P9 AR T4 £ - PR 391 36 2R AT 2 TR AR
WA 98 5 R A% 588 E ST

S Lk

[1] Kant T, Swaminathan K. Estimation of transverse/
interlaminar stress in laminated composites: A selective review
and survey of current developments [J]. Composite Structure,
2000, 49 65-75.

[2] Pipes R B, Pagno N J. Interlaminar stresses in composite
laminates under uniform axial extension [ J]. Journal of
Composite Materials, 1970, 4. 538-548.

[3] Caron ] F, Ehrlacher A. Modeling the kinetics of transverse
cracking in composite laminates [ J]. Composites Science and
Technology, 1997, 57. 1261-1270.

[4] Nguyen V T, Caron J F. A new finite element for free edge
effect analysis in laminated composites [ J]. Computers and

Structures, 2006, 84 1538-1546.



¢ 212 -

2 = H 5 R

(5]

[6]

7]

(8]

FRIRER, BRI, 81 7. T =E4EA ROTE MRS AR SN
J1o3#ELT]. AR EER . 2003, 20(2): 88-93.

Cheng Lejin, Xue Mingde, Hu Ning. Stress analysis of the
laminated cylindrical shells based on the 3D FEM [J]. Acta
Materiae Compositae Sinica, 2003, 20(2): 88-93.

Ghoshal A, Kim H S, Chattopadhyay A, William H P. Effect of
delamination on transient history of smart composite plates [ J].
Finite Elements in Analysis and Design, 2005, 41. 850-874.
Shiah Y C, Chen Y H, Kuo W S. Analysis for the
interlaminar stresses of thin layered composites subjected to
thermal loads [J]. Composites Science and Technology, 2007,
67: 2485-2492.

k. RER, KT, BEE. B S MR R BT b

9]

[10]

TER T B G A BR T/ AT )], Ll s8 K228 3], 2006, 40
(8): 1348-1353.

Zhang Yan, Lai Xinmin, Zhu Ping, Liang Xinhua. The finite
element analysis of low velocity impact damage in composite
laminated plates [J]. Journal of Shanghai Jiaotong University,
2006, 40(8): 1348-1553

SRESHT . AR, 32 B R R G RORRY JZ B R g 43
MrlI]. BLARHEE . 2006, 28(2) . 224-228.

Zhang Peixin, Li Yazhi. Interlaminar stress analysis of
composite laminates subjected to in-plane loading [J]. Journal
of Mechanical Strength, 2006, 28(2) . 224-228.

fp kO, TG, ARSEBIIEIMI. VU4 . V9% 508 R AL,
1993, 190-222.



