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Influence of Couplings on the Buckling Behavior of Composite Laminates
with a Delamination

Hyo-Jin Kim and Chang-Sun Hong

Key Words : Embedded Delamination(\} a4} ¥l Z7}%-2]), Finite Element Modeling(+3t 24 =
1)), Degenerated Shell Element(2-Z&4 & 4), Global Buckling Mode(x 2] 2
X ), Mixed Buckling Mode(£3 zZ 2 =), Local Buckling Mode(ZX zZwxc),
Buckling Load(##3}%), Postbuckling Behavior(s#% 37 %)

Abstract

The finite element modeling is used to study the buckling and postbuckling behavior of
composite laminates with an embedded delamination. Degenerated shell element and rigid beam
element are utilized for the finite element modeling. In the nonlinear finite element formulation,
the updated Lagrangian description method based on the second Piola-Kirchhoff stress tensor and
the Green strain tensor is used. The buckling and postbuckling behavior of composite laminates
with a delamination are investigated for various delamination sizes, stacking sequences, and
boundary conditions. It is shown that the buckling load and postbuckling behavior of composite
laminates depend on the buckling mode which is determined by the delamination size, stacking
sequence, and boundary condition. Also, results show that introduction of couplings can reduce
greately the buckling load.
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Fig. 3 Deformation couplings exhibited by the con-
stitutive relations for composite laminate

A £AWEYs TYRY AW AW £
Yo v s QAR TR ¥ B
Hael dAHA 5ol Y 21Ed Ade vehd
o, AZA Buol EAdE A% A%, A
35 € sl "W +ARYE ohieh AW 43
Mes Gy ARl st FYAYl of
ss=2 49} 47195
4 SrRISHA Y AT 2

A7l HE AAA W4l AT 20220 43
sl AA Aol vlAE S4N E2EYZ A
ARl Afel AL de FHHYUE =
Ha qEAL Qs AT Y FEBA A5Te)

% AsHe) ¥4
olL)s H(W)el
3¢ 27lo we

}-& Fig 1o 3.9l whep 23
Z+zt 150 mmel A u}d o) o},
Gee A g8 WAE

N

37
=
[<]

RS APz sMgsd aris s
Graphite/Epoxy & g2 Ao A2

+ Table 1] B9 ujg} 72 HFG CU-125 =g

Table 1 Material properties of HFG CU-125
Graphite/Epoxy composite material

Property Value
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Fig. 4 Bucking loads and modes for various
delamination sizes in composite laminates
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Table 2 Nondimensional stiffnesses for several Graphite/Epoxy laminates

Laminate Normalized stiffness(GPa)
[0)er | [0/90]s | [0Jsr |[902/0}r|[0/90s]s | [0/90+45]s |[906/0]r | [90/45/—45,/45/90/0)
At 132.90 | 73.05 | 13290 | 53.09| 43.12 59.24 30.29 48.71
A3 1319 73.05 | 13.19| 93.00| 10.30 59.24 115.8 65.82
3 5.01 5.01 5.01 5.01 5.01 18.82 5.01 20.79
% 0 0 0 0 0 0 0 0
A% 0 0 0 0 0 0 0 0
& 6.4 6.4 6.4 6.4 6.4 20.21 6.4 22.18
Bh 0 0 0 | —26.60 0 0 —14.66 —12.03
B% 0 0 0 26.60 0 0 14.66 7.52
B} 0 0 0 0 0 0 0 2.25
Bfs 0 0 -0 0 0 0 0 0
% 0 0 0 0 0 0 0 0
B 0 0 0 0 0 0 0 2.25
D 13290 | 117.9 | 1329 70.83 | 824 86.43 51.23 58.38
D3 13.19 | 28.15 | 13.19 75.26 { 63.69 52.76 94.86 75.48
DY, 5.01 5.01 5.01 5.01 5.01 8.46 5.01 11.13
Di% 0 0 0 0 0 2.81 0 4.19
D 0 0 0 0 0 2.81 0 4.19
D& 6.4 6.4 6.4 6.4 6.4 9.85 6.4 12.52
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