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Abstract The effects of the hole size and the specimen width on the fracture behavior of several fabric
composite plates are experimentally investigated in tension. Tests are performed on plain woven glass/
epoxy, plain woven carbon/epoxy and satin woven glass/polyester specimens with a circular hole. It is
shown in this paper that the characteristic length according to the point stress criterion depends on the
hole size and the specimen width. An excellent agreement is found between the experimental results and
the analytical predictions of the modified failure criterion.

The notched strength increase with an increase in the damage ratio, which is explained by a stress re-
laxation due to the formation of damage zone. When the unstable fracture occurred, the critical crack
length equivalent for the damage zone is about twice the characteristic length.

The critical energy release rate G. is independent of hole size for the same specimen width. The varia-
tion of G. according to the material system, fiber volume fraction and specimen width relates to the
notch sensitivity factor. G, increases with a decrease in the notch sensitivity factor, which can be ex-

plained by a stress relaxation due to the increase of damage zone.
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Table 1. Materials and Summary of Experimental Results in Static Tension.

C it
omposite Eu E,y Gy Vay Fiber, Resin, Manufacturer
System
Korea Betrotex 37 1/0,
Glass/Epoxy 23.6 23.6 4.0 0.11 Kook Do Chemical YDO11,

21.6* 21.6* 3.9*%

Sung-Won Electric Co.

0.16* Asahi Fiber Glass S1.S212,

Dainippon Ink & Chem. Polylite 8010,

Glass/Polyester

147 | 147% [ 2.7% | 0.17** | Aqahi Fiber Glass Co.
Torayca Cloth #6343,
Carbon/Epoxy | 56.7 56.7 8.7 0.22 Toray Epoxy #2500,

Toray Industries, Inc.

Exx : Longitudinal Young’s modulus(GPa)
Evy : Transverse Young’s modulus(GPa)
Gxy : In-Plane Shear modulus(GPa)

vxy . Poisson’s ratio

* I Vi~60%, % % : V~445%
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Fig. 1. Configuration of test specimen.
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Table 2. Experimental results(W =10mm).
Materials 2R oy oN” ox/0q
0.5 295.2 295.9 0.840
Glass/Epoxy 1.0 247.0 249.8 0.703
(60=351.4MPa, 2.0 208.5 218.2 0.593
Vi=62%) 4.0 148.5 181.7 0.423
5.0 126.4 175.3 0.360
0.5 279.1 279.8 0.904
Glass/Polyester 1.0 245.0 247.6 0.794
(00=308.7MPa, 2.0 208.6 218.3 0.676
Vi=60%) 4.0 154.4 188.4 0.500
5.0 120.1 166.0 0.389
0.5 180.0 180.5 0.827
Glass/Polyester 1.0 163.4 165.1 0.751
(00=217.6MPa, 2.0 129.6 135.6 0.596
Vi=~44.5%) 4.0 89.8 109.6 0.413
5.0 80.0 110.6 0.368
0.5 5674 | 5689 | 0952
Carbon/Epoxy 1.0 507.3 512.7 0.851
(0,=596.2MPa, 2.0 435.2 455.4 0.730
~60% ) 4.0 208.1 375.9 0.517
5.0 262.2 362.4 0.440
2R : mm o
an, on” . MPa
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Fig. 2. Values of characteristic length according to
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Fig. 3. Comparisons between the test result and

the predicition of point stress criterion and modi-
fied point stress criterion in Glass/Epoxy specimen
(W=10mm).
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Fig. 4. Comparisons between the test result and
the prediction of point stress criterion and modi-
fied point stress criterion in Glass/Polyester speci-
men{(V=~60%, W=10mm).
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Fig. 5. Comparisons between the test result and
the prediction of point stress criterion and modi-
fied point stress criterion in Carbon/Epoxy speci-
men(W=10mm).
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Table 3. Values of k and m.

Materials llf( %) |W(mm)| k m
Glass/Epoxy 62 10 1.54 10.33
60.3 |10 1.19 }0.26
60.3 i30 0.80 1{0.34
44.5 10 1.54 | 0.31
445 | 30 1.18 | 0.29
Carbon/Epoxy | 60 10 1.11 |0.15
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Fig. 6. Comparisons between the test result and
the prediction of point stress criterion and modi-
fied point stress criterion in Glass/Polyester speci-
men(Vi=~60%, W=30mm).
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Fig. 7. Comparisons between the test result and
the prediction of point stress criterion and modi-
fied point stress criterion in Glass/Polyester speci-
men(V;=~44.5%, W=30mm).
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Fig.9. Photographs of microcracks observed on the
edge of circular hole after loading to 90% of the
average fracture stress in Glass/Polyester speci-
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