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Study on the Analysis of Failure Mechanism and Strength Prediction of

Composite Laminates with a Central Hole
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(2. Institute of Engineering Thermophysics. Chinese Academy of Sciences. Beijing 100190, China)

Abstract: The open holes of the composite structure will lead to a significant decrease in the structural strength.
It takes the composite laminates with a central hole as the research object. Tensile tests are conduct on speci-
mens with three different ply ratio according to ASTM D 5766 standard to study the influence of ply ratio on the
tensile properties and failure modes on composite laminates. Based on continuum damage mechanics, the maxi-
mum strain criterion and non-linear Puck criterion which is physical-based are employed to predict the initiation
of fiber and matrix damage respectively. The evolution of damage is based on strain on the fracture plane. Three
dimensional finite element model of composite laminates with a central hole is built. The results of FEA model
proved that the model can efficiently predict the tensile strength and damage evolution of composite laminates
with a central hole.
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Table 1 Stack sequences of specimens

W2 W2 L

= %)
5 (0°/45°/90%) L gt

A 30/60/10  [(45)/—45/90/45/—45/0/0/45/—45/0]s

B 40/50/10 [(45)/—45/90/0/—45/0/0/45/—45/0]s
C 50/40/10 [(45)/—45/90/0/—45/0/0/45/0/0]s
# 2 JFALA A 4h
Table 2 Results of open hole tensile test

2 2 5 W /MPa KA AL/ pe

A 432.74 7694. 67

B 470. 48 8467.45

C 554. 25 8699. 62
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Fig. 2 Fracture modes of different laminates
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Table 4 Recommended inclination parameters

t

MEEZE  py Ly Pl Pl
GFRP 0. 30 0. 25 0.20~0. 25 0.20~0. 25
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Table 5 Material properties of undirectional laminates

EI Bl E Bl

E1/GPa 140 R, /MPa 2186

E;/GPa 8.8 R /MPa 1240

E;/GPa 8.8 R'| /MPa 87.1
V12 0.27 R /MPa 229
Vi3 0. 27 R/ /MPa 165
Vo3 0. 36

*6 BIRPESH

Table 6 Fracture toughness properties

G/ (k] » m™%) 90 Gize/(J e+ m™ %) 920
Gy /(&) « m™?) 82 Gas./(J = m™?) 920
G /(J = m™ %) 520 Gio/(J+m™®) 520
Gue/(J+m™ %) 1610 Gue/(J+m™®) 920
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Fig. 3 Compared load-displacement curves of laminates
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Table 7 Results of finite element model

Cil=E A= R {H/MPa  BUEIHAE/MPa R/ %
A 432.74 470. 82 8. 80
B 470. 48 502. 16 6.73
C 554. 25 578.75 4.42
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