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Buckling and Postbuckling Analysis of
Composite Laminates with Multiple Delaminations

W. M. Kyoung*, C. G. Kim*, C. S. Hong* and S. M. Jeon**

ABSTRACT

In this study, buckling and postbuckling analysis was conducted for the composite cross-ply
laminates with multiple delaminations under compressive loading. The geometries of multiple
delaminations are one-dimensional through-the-width types and two-dimesional embedded
circular types. The compressive behavior was studied for more realistic damage types in the
laminated composite structures than ever before. The effects of stacking sequence, delamination
size, and type of distribution are investigated. In a nonlinear finite element formulation, the
updated Lagrangian description and meodified arc-length method were adopted. For a finite
element modeling of composite laminates, the eight-node degenerated shell element was used. To
avoid the overlapping between delaminated layers, the contact node pair was defined by use of
virtual beam element. Numerical results showed that multiple delaminations lower buckling
loads and load carrying capacities in the postbuckling region.
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Table 2. The lengths of through-the-width multiple delaminations in cross—ply laminates.

(a) (04/904]s, unit (mm)

(b) (02/902)2s, unit {mm]

{04 // 90s // 0t (02 //902// 02//90a// 02// 902 // O

al 02 al az 03 a4 as (16
Type 1-30 30.0 30.0 Type 1-30] 30.0 300 30.0 30.0 30.0 30.0
Type 2-30 15.0 30.0 Type 2-30| 0.0 150 150 150 150 30.0
Type 3-30 0.0 30.0 Type 3-30| 00 00 00 00 00 30.0
Type 1-60 60.0 60.0 Type 1-60] 60.0 600 60.0 60.0 60.0 60.0
Type 260 30.0 60.0 Type 2-60] 0.0 00 300 300 300 60.0
Type 360 0.0 60.0 Type 360 0.0 00 00 00 00 60.0

(c) (0/90)4s, unit (mm)
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a a a a

a2, 4, 3 " 5 6
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09 a a

7 aB a!O all 12 a13 14

Type 1-30| 300 300 300 300 300 300
Type 2-30 00 150 150 150 150 150
Type 3-30 00 00 00 00 00 00
Type 1-60| 60.0 600 600 600 600 600
Type 2-60 0.0 300 300 30.0 300 300
Type 3-60 00 00 00 00 00 00

300 300 300 300 300 300 300 30.0
150 150 150 150 30.0 30.0 300 30.0
00 00 00 00 00 00 00 30.0
600 60.0 600 600 600 600 60.0 60.0
300 300 300 300 600 600 600 60.0
60 00 00 00 00 00 00 60.0
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L —
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30, 60 mm

(c) {0/90] s Laminates

- Typel-30, 1-60

30, 60 mm
15,30 mm_j—s{ § 0222 1

=7 T
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- Type3-30, 3-60 5 I P
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Fig. 7. Geometry of the cross-ply laminates with
through-the-width multiple delaminations.
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- Typel-30 -

M

—
3. P=0.9410 E:\\\\{;////ﬁ
T

B 2.P=0.8876 [T
L 1. P=0.8636 | ,
L [0,/90,]s Laminates - Type2-30 -
_ a,=30mm 4. P=0.9763 \/"
P 05 - _
3.P=09772 S
B ——o—— Typel-30 — e
(Multiple uniform delaminations) 2. P=0.9558 | _ ‘
" Py — Type2-30 1.P=08577 | — .
g —a—— Type3-30 - Type3-30 -
(Single delamination) 4 P=09833 [ !
i - '\\\V/
0.0 I L ! i 3. P=0.9807 T e )
-2.0 0.0 2.0 2.P=0.9708 [ —
w 1. P=0.8987 | ]

Fig. 8. Buckling and postbuckling behavior of (04/904)s laminates with through-the-width delaminations(a=
30mm).

- Typel-60 - /\f\
1.0 g Z
—— — — Typel-60 (Multiple uniform delaminations) 4.P=0.2897 [::::/‘a >‘*~—~———J
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3 I Type3~60 (Single delamination) 3. P=0.2865

[0,/90,]s Laminates 2 P=0.2702 | |
a,=60mm 1.P=0.2385 | ]

- Type2-60 - %\X\&
0.5 F 4.P=0.4770 S
3. P=0.4486

2.P=03114 | ]
1. P=0.2423 [ }

- Type3-60 - ’\/‘X

4. P=0.4896 %\vf

0.0 ‘ ‘ ‘ ! ‘ 3. P=0.4564 :j<—©/_\\3
-2.0 0.0 2.0

2.P=03227 [ ]
w 1. P=0.2408 [ ]

=

Fig. 9. Buckling and postbuckling behavior of (04/904)s laminates with through-the-width delaminations(a >
60mm).
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- Typel-30 -
1.0 4.P=0.3668
PR N — Typel-30 {Multiple uniform delaminations) =
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PR . W— T 63-30 {Single delamination)
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B 2,=30mm 4.P=0.7568
0.0 ' ! — 3P=07039 [

-2.0 0.0 20 2. p=06204 T ]

Ww 1. P=0.3608 [ ]

Fig. 10. Buckling and postbuckling behavior of (02/902)2s laminates with through-the-width delaminations(a =

30mm).
- Typel-60 -
1.0 4. P=0.3668
oy - Typel-60 ~ [0,/90,] s Laminates
—v— Type2-60  2,=60mm 3.P=03591
I (Multiple various delaminations) ’
—&— Type3-60 4 2.P=0.3576

(Single delamination)

1. P=0.3020
B 4 - Type2-60 - r""/\\\\
P os | ( 4. P=0.7443 ]
L 3\ 3. P=0.6786 =S

2. P=0.5780
1. P=0.3257

B 4& 1 2 2 3 e - Type3-60 - m
TETTTR e 4. P=0.7568 S

0.0 : . . ' L ! 3.P=0.7039 :’f@ﬁ

2.0 0.0 2.0 5 p=0.6204 | J

w 1. P=0.3608 [ i

Fig. 11. Buckling and postbuckling behavior of {02/902)2s laminates with through-the-width delaminations(a =
60mm).
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- Typel-30 - &
10 el I\
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| Multiple niforn delaminations) .
— »—Type2-30 3. P=0.0924 | 7 |
L ( ple various ) R
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4 3 R - Type3-30 -
T e o——= 4. P=0.8550
0.0 IR 3.P=08072 [ Ty
2.0

2.P=03756 [ ]
L P=0.1036 [ ]

Fig. 12. Buckling and postbuckling behavior of (0/90)4s laminates with through-the-width delaminations(a =

30mm).
1.0
L [0/90],
Laminates 4 4
" a,~60mm
B 3
P o5 ~—o—- Typel-60
(Multiple uniform delaminations)
2
" *— Type2-60
(Multiple various delaminations)
3 b Type3-60
{Single delamination)
B 4 3 3 4
AN e
-, , ’ ; .
0.0 CrTThATRTmesyee T T T
-2.0 0.0 2.0

- Typel-60 -
4. P=0.0373

3. P=0.0372 f::@:j

2.P=00300 [ EE——m

1. P=0.0227 e

- Type2-60 - A
4.P=0.1360 ::_,@;*ﬁ
3.P=0.1518 c:”’f.,%

2. P=0.1085 -
1. P=0.0392 e

Pty m
4. P=0.8159
L L e ———

2.P=04139 [ ]
1. P=0.0421 [ 1

Fig. 13. Buckling and postbuckling behavior of {0/30)4s laminates with through-the-width delaminations(a,=

60mm).



[e]
D

CFAA A%

HESIOMREGR

p

2, A okl AT DS F
£ 7A-$(typed)z AAslich #EH
EAste HSE WM oPATEA R type 1o
et 718k 27| 38E FHon, EL
AR hFoi. M AT k-
e At Wy os et

3-4-1. [04/904]59] 73-%-

[04/904)s A Z2] A, olellZe] S22 9
AEDye] 20, 40mmel FA4E F3HEe] £xY
e o)) ule} typel-20, 2-20, 3-203} typel-40, 2-40,
34002 T3t vtehliglch. Typel-20% 1-
402] 7%= A &) 20, 40mmel E7H2e]7} 0°=
3} 90°%F<] AHF F Fol £A3}ka, type 2-20,
2-402 AY o} AHZ(h,=1.332mm)o = A&
20, 40mme] FZhEE]7h, 2 99 AHF(k,=0
444mm)ell = A F 10, 20mme| F7HE-e]7} Zh7}
Tk Afeldt. F, type2-202 A F 10-
20mme] Z7+32-e)7}, type2-402 A E 20-40mm
9] Z7HE7l 0/90 Aol FAd7 AR 9
=g}, type3-20, 3-40-2 A Y ol AH S |
£ 20, 40mme] Z7HEe]r} Xk yAfolh.
Zkzhe] typeel W&l A& 1Y 149} & 3ol e}
Wit

23 15914 vebdl shE-H A= typel-20,
(a) [04/90,)g Laminates  z 30444 mm
- Typel-20, 1-40 'TH _}_n an mmI——>
D=20,40 mmF
Z) D=10.20mm 0.444 mm
- Type2-20, 2-40 H T Fy132mm
D,=20, 40 mule——3 x
F4
- Type3-20, 3-40 ' IH ___@_l 332 mml-;
D= 20, 40 mm€———————>1
F A
(b) [0,/90,],s Laminates  z 40222 mm
- Typel-20, 1-40 H e —— i 1.554 mm
D, =30, 60 mm x
24D Dy=15,30 man,
D, =0. My 0.444 mm
- Type2-20,2-40 || | == ¥ _13 554 ﬂl_,
(D630, 60 mm

- Type3-20,3-40 || [

D, =30, 60 m

i 1.554 mm h

L >

Fig. 14. Geometry of the cross-ply laminates with
embedded multiple delaminations.

Table 3. The diameters of embedded multiple de-
laminations in cross—ply laminates.

(@) (04/904]s, unit (mm)

0 // 908 // Od)r

Dl 2
Type 1-20 20.0 20.0
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Type 3-40 0.0 40.0
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1 2 3 4 D5 D6
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Type 330 00 00 00 00 00 20.0
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Type 360 0.0 00 00 00 00 400
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. el A, —-— Type2-20
L et I {Multiple various delaminations)
T Type3-20
- [T A {Single delamination)
0 i { i 1 ! 1
-2.0 0.0 2.0

w

Fig. 15. Load-deflection curves of the (04/904]s
laminates with embedded multiple de-

laminations(D =20mm).
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- 0]+ [
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i
. !
!
[
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Load ! // ,/ Top surface
iy 5T ! 7
[04/90,]s i
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DA=04 2
B ~7———— Typel-40
oty s i vt {Multiple uniform delaminations)
Ry B — -~ Type2-40
;""“"""‘1:_1 (Multiple various delaminations)
- L LY Type3-40
(Single delamination)
0 i i | i H 1
-2.0 0.0 2.0

Fig. 16. Load-deflection curves of the (04/904)s
laminates with embedded multiple de-
laminations(D =40mm).
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Fig. 17. Load-deflection curves of the [(02/902)2s
laminates with embedded multiple de-
laminations(D =20mm).

(b) Cross-sectional view of the y-z plane(x=0.0)

Fig. 18. Unsymmetric deformed shape of the (0z/
90z]2s laminates with embedded multiple
delaminations(D =20mm) at the load of

26kN.
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laminations(D ~40mm).
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