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Abstract This paper deals with the fatigue properties of chopped strand glass mat/polyester composite
to understand the effect of water absorption on fatigue behavior of GFRP. The fatigue crack in the both
no water and a water absorption materials initiated at the initial of cycle. Thereafter, it was divided with
two regions that one decreased with the crack extension and the other increased with the crack exten-
sion. The absorption of distilled water degrades the bond strength between fiber and matrix, thereby the
tendency of fiber pull-out is increased in perpendicular to crack growth deirection and the debonding of
fibers increased to the place which is parallel to crack growth direction. Therefore, the reduction of fa-

tigue strength was caused by these factors.
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Table 1. Chemical composition and mechanical properties of E-glass fiber.

(a) Composition(wt.%)

SIOz Alea B203 CaO, MgO NazO Kzo F9203 Fz
55.2 14.8 7.3 22.0 0.3 0.2 0.3 0.3
(b) Mechanical properties(25TC)
Filament tensile Strand tensile Coefficient of thermal Young's modulus(Kgf
strength(Kgf/mm?) strength(Kgf/mm?) expansion(1075/°C) /mm?)
370 225 5 7700
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Fig. 1. Dimension of specimen for fatigue test.(JIS
K 7119)
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Fig. 2. Diffusion behavior of distilled water into
GFRP at 50+3C.
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Fig. 3. Effect of water absorption on fatigue

strength.
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Fig. 4. Relation between hardness of resin and

water absorption rate.
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Fig. 5. SEM photographs of GFRP surface.(X200)
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Fig. 6. SEM photographs of outward appearance of single fiber pull-out.(X5000)
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Fig. 7. Fracture surface of specimens of fatigue test.(X100)
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Fig. 10. Relation between crack growth rate(da/
dN) and stress intensity factor range(AK) of no
water absorption material.
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Fig. 11. Relation between crack growth rate(da/
dN) and stress intensity factor range(AK) of 0.3
% water absorption material.
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Fig. 12. Relation between crack growth rate(da/
dN) and stress intensity factor range( AK) of 0.45
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Fig. 13. Relation between crack growth rate(da/
dN) and stress intensity factor range(AK) as o=
3.0Kgf /mm?
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Table 2. paris’ equation from da/dN-4K relation for each condition.

(a)No water absorption

Maximum stress - da/dN - (‘—(i}glf -
Region I Region I
3.0Kgf/mm? 9.22 X107 °(4K) ' *® _ABTX10K)'
4.0Kgf/mm® 3.55x 10 4(4K) ' 100X 10 /(4K)'
5.0Kgf/mm? 2.01x 10 (4K) ' 1.00 x 10 7(4K)*
6.0Kgf/mm? 4.92 X 10 S(4K) ' 1.00 X 107 7(4K)'
Average n= -1.10 Jf“" n = 1.04 -
(b)0.3% water absorption
Maximum stress Real da/_dN jC(_AK)" e
egion [ ! Region 1
3.0Kgf/mm? 1.03x 107 4K) ' % 1.00x 107 7(4K) ™
4.0Kgf /mm? 239x10°(4K)='® | 1.00x10 7(4K)' -
5.0Kgf/mm? 1.04 X 107 2(4K) =¥ 300X 1077(4K)' "
6.0Kgf /mm? 114 %10 1(4K) '@ ! 130 x 10 %(4K)
Average n= -1.33 B nﬁé’I.Z)iS)—# o
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(¢)0.45% water absorption

) da/dN = C(4K)"
Maximum stress - -

Region 1 Region 1
3.0Kgf/mm? B 8.63 x 10~ (4K) ¥ 3.00 X 10~ 7(4K)'
4.0Kgf /mm? 2.46 X 1072(4K) % 1.10x 10785(4K) "1
5.0Kgf /mm? 7.43 X 107%(4K) ¥ 1.30 X 1075(4K)"#
6.0Kgf/mm?* 3.89x107'(4K) "% | 1.90 x 1075(4K)"' 3

Average n= -1.39 —‘[ n = 1.17
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Fig. 14. Axial cracking along the fiber-matrix interface at load direction in each specimens.(X300)
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Fig. 15. Debonding at load direction in each specimens.(X1000)
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