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Abstract

The fatigue behavior of GFRP composites is affected by environmental parameters. Therefore,
we have to study on effect of sea water on fatigue behavior of GFRP composites as to maintain
the safety and confidence in design of ocean structure of GFRP. In this paper, we investigated
the fatigue properties of chopped strand glass mat/polyester composite in synthetic sea water.
(pH 8.2) In case of the glass fiber (CSM type)
fatigue crack in the both dry and wet specimens tested in air or synthetic sea water occurred at

reinforced polyester composite materials, the

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 extension. The transition point occurred during
the crack propagation shifted to high JK value as load increase but its point is not changed
regardless of immersion or test environment under a constant load. The synthetic sea water
degrades the bond strength between fiber and matrix, thereby the tendency of rapid deceleration
and acceleration of the crack growth was appeared.
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Table 1 Chemical composition and mechanical properties of E-glass fiber
(a) Composition{wt. %)

SiO,

A1203 B203 Cao, MgO Nazo Kzo Fe203 Fz
55.2 14.8 7.3 22.0 0.3 0.2 0.3 0.3
(b) Mechanical properties(25°C)
Filament tensile Strand tensile Coefficient of Young’s
strength strength thermal expansion modulus
(kgf/mm?) (kgf/mm?) (10-%/C) (kgf/mm?)
370 225 5 7700
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Fig. 3 Diffusion behavior of synthetic sea water into
GFRP at room temperature (20+3C)
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Table 2 Chemical composition of synthetic sea
water (pH 8.2)
{in 10 liter water)

Composition Quantity (gf)
NaCl 245.34
MgCl; - 6H,0 111.11
Na,S0O, 40.94
CaCl, 11.58
KCi 6.95
NaHCO, 2.01
KBr 1.01
SrCl, « 6H,0 0.42
H,BO;, 0.27
NaF 0.03
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(b) Wet specimen in synthetic sea water for 4 months

SEM photographs of dry and wet specimen surface of GFRP (X200)
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(a) In air-air
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Fig. 7 SEM photographs of outward appearance of
single fiber pulled-out at various condition
(X5000)
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Fig. 8 Fatigue crack growth of dry and wet specimen
tested in air or synthetic sea water (5,=4.0
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Fig. 9 Axial cracking along the fiber-matrix inter-
face at load direction in air-air specimen
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Fig. 12 Relation between crack growth rate(da/dN)

and stress intensity factor range(AK) of dry
specimens tested in synthetic sea water (pH.

8.2)
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Table 3 Paris equation from da/dN-AK relation for each condition
(a) In air-air
Maximum da/dN=C(AK)"
stress Region | Region [
3.5 kgf/mm? 1.42x107*(AK) ~10 7.53x 1078 (AK) 0
4.0 kef/mm? 3.55x107*(aK) 1 1.00x 1077 (AK)
4.5 kgf/mm? 2.40x107*(aK) 1% 100 X107 (aK) 8
5.0 kgf/mm? 2.01x 1073 (AK) 1M 1.00x 1077 (aK) 108
Average n=—1.08 n=1.02
(b) In seawater-air(pH 8.2)
Maximum da/dN=C(AK)"
stress Region | Region [
3.5 kgf/mm? 1.93x1073(AK) 15 8.97x 108 (AK) 17
4.0 kgf/mm? 5.01x1073(AK) -1 1.00x 1077 (AK) 08
4.5 kgf/mm? 1.17x1073(AK) 12 3.00x 1077 (aK) M7
5.0 kgf/mm? 547x1072(AK) 1% 200x1077(aK)®
Average =-—1.53 n=1.11
(¢c) In seawater-seawater (pH 8.2)
Maximum da/dN=C(aK)"
stress Region | Region [
3.5 kgf/mm?® 5.43x107*(AK) -1 1501077 (AK) -
4.0 kgf/mm? 1.06 X101 (AK) ¢ 2.61x1078(aK)*
4.5 kgf/mm? 2.34 %101 (aK) ~t#0 2.00x 1077 (aK)
5.0 kgf/mm? 8.86 10" (AK) 198 3.00x1077(aK) 14

Average

=-—1.90

n=1.38
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(a) In air-air

(b) In seawater-air
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Fig. 15 SEM photographs of fracture surface of GFRP tested in various conditions. (X1000)
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