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Size effect on tensile strength of filament wound CFRP composites

T. K. Hwang ', Y. D. Doh’, H. G. Kim'

ABSTRACT

This paper presents the results of theoretical analysis and experimental test to show the size effect on the
fiber strength of filament would pressure vessel. First, a series of fully scaled hoop ring tests with filament
would carbon-epoxy were conducted, which exhibited a remarkable size effect on the fiber strength. Next, the
failure analyses using WWLM(Weibull Weakest Link Model) and the SMFM(Sequential Multi-step Failure
Model) were performed and compared to the hoop ring test data, as well as to unidirectional specimens test
data from the literature. It was found that the analysis results significantly underestimated the fiber strengths
compared to the test data. In this study, a modified SMFM was proposed through the modification of the
length size effect. The fiber strengths from modified SMFM analysis showed good agreement with the test data.
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Fig. 3 Procedure to drive the fiber strength from hoop ring test result.
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Fig. 4 Failure mode for hoop ring specimen and pressure vessel.

Table 2 Summary of fiber strength from test results for each scaled
specimens

Ring P.V.

Unit: MPa [Ring ®157Ring ®250Ring P50 ©900 ®500

nl 2,518 2,520 2,446 2,250 2,327
Normal

vl 23% 5.0% 3.0% 3.1% 2.1%

Bl 2,526 2,559 2,474 2,270 -
Weibul

a 39 22 29 35 -

(w: B gL v HE A4 (Coefficient of variation), P.V : Pressure vessel)
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Fig. 5 Size effect on fiber strength in scaled specimens.
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Fig. 7 Cumulative reliability distribution from ®500.0mm hoop ring with
test and theories.
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Fig. 9 Cumulative reliability distribution from ®500.0mm pressure vessel
with test and theories.
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Table 3 Difference ratio based on test data for each theories

Unit: % (fﬁé‘;%) ((I;;%%) (gé%%) (cgé\éb)

WWLM 75 9.3 9.0 115
SMFM 01 7.5 8.5 6.3 8.5
SMFM_02 45 1.6 1.0 3.5
SMFM_02* 3.0 2.0 5.0 2.6

(*Shape parameter : 30)

Table 4 Comparison of test data and theoretical result for scale parameter

Ring Ring Ring P.V.

(MPa) (©250) (®500) (®900) (®500)
Exp. 2,559 2,474 2,270 2327
Theory 2,444 2,440 2,245 2,240

Table 5 Summary of tests on scaled unidirectional specimens[13]

Noo g AN sem 2s BT v
1 0.5 30 5 12 2,806 42
2 1.0 60 10 12 2,687 2.5
3 2.0 120 20 9 2,553 3.8
4 4.0 240 40 6 2,410 6.0
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Fig. 11 Cumulative reliability distribution obtained by test and theories
for 3_rd specimens.
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Fig. 12 Cumulative reliability distribution obtained by test and theories
for 4_th specimens.
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