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WFPERRSRE OB EE (330) : The aim of this research is to investigate the long term durability of GFRP in
hydrothermal environment and to propose its lifetime prediction model. The GFRP under study is
consisted with plain E-glass cloth and vinylester resin. The constant tensile load tests were
conducted in hydrothermal environment (i.e. deionized water) and in air. The fracture occurred only
in hydrothermal environment and the fracture time decreased with the increase in the applied stress
and the temperature. The fracture time was predicted based on Reiner-Weissenberg criterion and
the predicted results showed good agreement with the experimental data by considering the
degradation induced by the hydrothermal aging and its acceleration by the increasing temperature.
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Table 1 Material properties of the constituents.
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. Fiber Resin matrix
reinforcement
Material E-glass Vinylester
Stiffness £ (GPa) 72.5 3.00
Density p (g/cm’) 2.54 1.10
CTE a (K 5.5x10° 6.1x107
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Fig. 1Geometry of GFRP specimen. [mm]
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Fig. 2Experimental setup forstatic tensile tests in
hydrothermal environment.
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Fig. 3Experimental setup for constant tensile load
tests in hydrothermal environment.



(4) FMFAEDIRE AMF%EIE, GFRP
D 7K HE far 8 5 | BEFRER O Ak W7 IRR R 2 1319
WZhT= 0, BMIERREARD 7 ) —TFHmE
FHIT AT SN D
Reiner-Weissenberg(R-W) 7 7 4 7 U 4 % H
Wiz, RW 7 A4 7 VA U0E, 7V —7 3Bk
HUZAH BN EBIC BT D P = % L W, 35
FOHE R VX Wy OFIDNEME W T
HLEEITHHET D EWHIREETH D, A
TR W, 2 B8R T Ick T 2R
%@Mmﬁif GFRP [ZEE SN b =)L
XLz, £/, EmESIERBRFY OOT A
Bt e ~EFJANCCTERL L. HE W,
BLOOTHERA)TNEIUILL FOXD
LR END.
1

W, = 7(GUTS )zDo

) 3.1)

et)=¢; +¢&,(t)

= (D, + D" o,

T T Toyrs ITFFIBIERBR OIS /1%, &
EEHEOT H %, ey (TMMEOT B %, oy ld
B S1%&, DXy 7747 A%, D,
BEUn i*ﬂi%’%fét/\?)‘ AethThn®RL

(3.2)

TUW2%. GFRP [ZEMEEIND = FRILFE W 1T
SPETE I 3 K OSSR TE wy O FZ TR
B REND.
Weo =W +Wy (3.3)
W, = lDOG2
2

| ; 3.4
W, =— Dl[l - exp(— D
2 T,

T T Tro 1 EHEHERF[# (3600sec) 3 LTV 5
HETRLF We iFTKKNDBY RS 5.

Wdis = % (Gapp )2 Dl(l - exp{— f_:jj (35)

Z D L ZALIG S 0, I2F31T 5 GFRP DRk
i 1, RGE.D-G.5H0 6o v Ehrn
2.

1 1
tf:(lnjn Doy l_l nTo
2-2 D, y

(O-app )2 / (O-UTS )2

<
Il

4. HIEER

AWFFE Tld GFRP OFEMIIPEE DIRIER X
WRE EAIC Xk F2EREb L. 2L T
FAHIZIBWT—Ef E %% 1T 5 GFRP Ofi%
W HRF ] W%%%ﬁELMW%%@%ﬁEL
7o, S HITHIKHIZIS T D GFRP O FAn 1l

|| ®40°C (air)
40°C (water)
300+ A 80°C (air)

A 80°C (water)

Stress o (MPa)

H
* Knee point

0 05 1 15 2 25
Strain & (%)

Fig. 4Stess-strain curves of GFRP in various

environments.
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Table 2 Mechanical properties of woven GFRP in
deionized water under various temperatures.

Temperature ~ Strength ~ Rupture strain ~ Stiffness
7(°C) oyrs (MPa) g (%) E (GPa)

40 311 1.97 19.2

60 284 1.94 18.5

80 273 1.89 18.1

Table 3 Mechanical properties of woven GFRP in
air under various temperatures.

Temperature Strength ~ Rupture strain ~ Stiffness
T7(°C)  oyrs (MPa) £ (%) E (GPa)
40 327 2.10 19.2
60 309 2.02 18.6
80 289 1.93 18.4
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Fig. 5Strain curves of woven GFRP under constant

tensile load at 80°C.
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Fig. 6Relationship between applied stress and
fracture time in hydrothermal environment.
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Fig. 10.Fracture time predictions for constant
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using R-W criterion.
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