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Table 2. Experimental results of edge-delamination onset
stress and ultimate tensile strength

Serial no. Ultimate tensile

stress (MPa)

Onset stress (MPa)

1 652.89 676.29
2 665.01 707.40
3 695.57 715.47
4 718.52 731.48
5 721.09 735.89
6 729.13 737.38
7 733.63 794.89
8 733.80 804.21
9 741.93 812.66
10 758.70 815.69
11 758.88 819.10
12 767.74 821.78
13 777.33 836.89
14 782.87 838.08
15 790.68 851.31
16 834.44 855.41

where i is the ith specimen for a sample size of n speci-
mens in an increasing strength sequence. It is assumed
that the edge-delamination onset stress and the ultimate
tensile strength of the laminate tested obey two two-pa-
rameter Weibull distributions, respectively, such that

3)
The mean value is determined as

(4)
where m and ¢, are the shape and scale parameters of

a two-parameter Weibull distribution, respectively, and
I'() is the I'-function defined as

®)

Figure 15. SEM fractographic analysis of 12°/-12° interfaces.

Table 3. Weibull distribution parameters

Onset stress 0, 762.51 (MPa)
M 17.98
Mean value 740.26 (MPa)

Ultimate strength 0, 808.32 (MPa)
M 14.94
Mean value 780.46 (MPa)

Figure 16. Probability distributions of edge-delamination on-
set stress and ultimate tensile strength.

The two unknown parameters, m and ¢, can be deter-
mined by means of the maximum-likelihood estimation
method as shown in Table 3. In each case, the two-pa-
rameter Weibull distribution has an acceptable credibil-
ity with R > 0.95.

Survival probabilities for the measured edge-delam-
ination onset and ultimate tensile failure of the [12,/-
12,/0,]g laminate tested are plotted with symbols in
Figure 16, while those predicted by the two-parameter

Figure 17. Failure probability density.
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Weibull distribution models are plotted with solid
curves. The corresponding failure density distributions
are plotted in Figure 17. From Figure 16 and Figure 17,
it can be found that the edge-delamination onset stress
and the ultimate tensile strength obey the two-param-
eter Weibull distributions very well, while the onset
stress distribution has a relatively higher concentration
than the ultimate tensile strength does.

5. Concluding remarks

Edge-delamination tensile test has been performed suc-
cessfully for examining the probabilistic distribution and
evaluating the failure mechanisms of a thermosetting
graphite-fiber/epoxy laminate made of Toray P7051S-
20Q-1000 prepregs. Lay-up optimization has been used
for laminate design in order to induce maximum out-of-
plane stress near free-edges of the composite laminate
under constant axial strain. AE equipment and optical
microscope were used successfully to capture the edge-
delamination initiation, which confirmed the edge-de-
lamination of the laminate predicted numerically. Fur-
thermore, SEM fractographical evaluation of the failed
specimens indicated that the main microscopic failure
mechanisms of the edge delamination of the laminate
tested are mode II shear failure of polymer matrix be-
tween two neighboring laminas. Consequently, proba-
bilistic models of two-parameter Weibull distribution
have been introduced for data reduction. It has shown
that the edge-delamination onset stress and the ultimate
tensile strength obey two two-parameter Weibull dis-
tributions very well, while the onset stress distribution
has a relatively higher concentration than the ultimate
tensile strength does. The latter is mainly controlled by
the probabilistic distribution of the fiber tensile strength.
The methods presented in this research are applicable
for the study of reliability of composite laminates, eval-
uation of interface toughening mechanisms of compos-
ite laminates, and the optimization of edge-delamina-
tion suppression designs etc.
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