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Prediction and Analysis of Fracture Strength for Surface Flawed Laminates

D. H. Choi’, W. Hwang*+

ABSTRACT

In this paper, the fracture strength of the surface damaged laminates was predicted by applying the fracture
strengths of the unflawed and flawed laminates. For prediction, the theoretical equation about the fracture
strength of laminates was simplified applying classical laminate theory and was applied to the surface damaged
laminates. Lagace's and Tsai's experimental data were used for verifying the theoretical equation. Moreover, to
verify the theoretical prediction, an experiment was performed. Surface unflawed laminate and flawed laminates
were fabricated and the experiments were made and these results were compared with theoretical predictions.
The specimens' fiber direction was same to the tensile direction and the theoretical predictions and the
experimental results were showed good agreement. Therefore, by this equation, the fracture strength of
structures made of composites will be able to be predicted when the surface of the structures was damaged.
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Fig. 1 Load-Strain Curve for Uniaxial Loaded Laminat.
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Fig. 4 Experimental and Theoretical Stress-Strain Curves by Hahn and
Tsai{6] (a) [0/90]2 (b) [0/90;]..

1 n-l . .
S ol =__T [Z(Ku) _K<A+x))£k + K(")e,,:|
k=1

total

O]

A(k)z ‘ "
KW =AP -T2 V=370l
» p=k

4 @olA 4= 09 WAL Fa ANHY, 438
L FAE 12 AA4RL W T 5 258 A%7
o, 7,5 pHAl A3sE A3we) AF7 gk 4 @)
wEA Ao sfs AL wawel etk B3 WYY
g gli)RTh AL golojol Bk 9 e oA FAY

2 wgwe] £42 AYE WY AZwe HI FEeo|

U x4 o

2R
23 HE® m ZdxAe 45
gtoll A AAE st FEAe AFL A8 Lagace[S]2

Tsail6]e] 2@ doleje} Foixl EAAE FH3 FEA
tlsted vws] Bt Fig 4% Tsaiol A8 AFHe Tsai
7b AN o]2Ag Hlme #jZolrhe). Fig. 4(a)°lA
A5 453 33 3L F 14 ksiolL FHA HFH
93 $8e o 79 ksiolth Fig. 4b)olAE RHA HFH
o3 $8L ok 10 ksiolx FHA S o7 FHS ‘ﬂf
55 ksiolt}. Fig. 5= £ ATolA AANE HFH 29 ~%

Ag Fo) A& 3H-WYE 1HZolth Fig 49 Fig. soﬂ
A A A% B $E3 FAA 438 9 89
o F NS ¢ F Uk

Lagace[d] = HAA /A A& [0+0LBH} [x0
WAl 28T [+00-61(Chel 2 AFHe I3 F=
2 ZA3}9ch Table 1S Lagaceol 93] 49 2439 3
T dA AN HEpo mn FEAE ZIF Astd

7+ A% T3 Zrolth otdke HEHe AET HY
28 z2AL AMgs) A4l Lagaced] & A" 4
AXE 2AMA7F 3~15 %olth
100
GLASS/EPOXY[0/90]25
80 4
Z 60
o
v
['T}
E 40
20
¥ et gt
o T LA
0 05 1 15 2 2s 3
STRAIN, %
(a)
60
GLASS/EPOXY[0/902]s .
50
4
N,
930
w
Ezu
10 » + +
&1 €L
ob et
0 0s 12 18 24 3
STRAIN, %
(b)

Fig. 5 Theoretical Stress-Strain Curves (a) [0/90]x (b) [0/90:]..



18 e

i)
o
olth
o
of

BREAMRIEgE

Table 1 Fracture Strengths for Each Case(MPa)

Angle [0+6], [=600], [+80-9] Gradual
15 1003 998 999 1082
30 945 855 918 896
45 787 732 730 659
60 814 698 585 605
75 733 672 549 593
90 732 679 561 591
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Fig. 6 Theoretical and Experimental Data for Fracture Strength of Graphite/
Epoxy by Tsai & Wu and Lagace|5].
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Fig. 7 Real model and Simplified Model for the Surface Damaged
Laminate.
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