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ABSTRACT

Glass fiber reinforced polyester (GFRP) composites are widely used as structural materials in harsh environment such as
underground pipes, tanks and boat hulls, which requires long-term water resistance. Especially, these materials might be
damaged due to delamination between gelcoat and composites through an osmotic process when they are immersed in water.
In this study, GFRP laminates were prepared by surface treatment of UPE (unsaturated polyester) gelcoat by vacuum infusion
process to improve the durability of composite materials used in underground pipes. The composite surface coated with gelcoat
was examined for surface defects, cracking, and hardness change characteristics in water-immersion environments (different
temperatures of 60°C, 75°C, and 85°C). The penetration depth of cracks was investigated by micro CT imaging according
to water immersion temperature. It was confirmed that cracks developed into the composites material at 75°C and 85°C
causing loss of durability of the materials. The point at which the initial crack initiated was defined as the failure time
and the life expectancy at 23°C was measured using the Arrhenius equation. The results from this study is expected to
be applied to reliability evaluation of various industrial fields where gelcoat is applied such as civil engineering, construction,

and marine industry.
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de] A&t glot A5 wjA slo]z= ZAE fm9
A4, 5493} BAES H 2 2&3Q1

FQasto] Xt GFRP B2 4| =3l ¢l (Lee and
Park, 2015). GFRP E3t27j= B2 312 a0 A | 2L H]
do|AHE F @AM A8 FeEAAARl & 4

shsto] AlRele Ao, EREge] Agsi 49 T

rd

] g-&rgol 2,58 ARFEE Aer Huwa Ql
(Cho et al., 2002; Cho and Lee, 2011). =3t |5 ujAd
stolsmoll Agak A9 s ARkl A2 o] ot
at3) g4l sl Twet Astol oat Fw4ol &
o 50| 7] To|= YA ECE GFRPHY| A7/} 875
3L QUth(Park et al.,, 2011). AFE= 45, 51514 X4
& 7hES Aol o A7t kEqEHE ERAAE B
stol WAl 9 A=A shusty] gig A 2Y A9
2, AR WY Pl B £HAY] S
3 2qlo] e

1o

(a) Underground Pipes

7FA2EE A 28 o= dPdgth(Rockett and Rose,
1987). UPEQ} 22 T 2o] AAahd SefiE2 70°C
o] Lo A Aol oJsf 7kl =71 45 71
A w7t dA s oA dAo] WAttt 59| &
YFEE Qs 2AAREY o] 54 57H2 2/ (Glassy)oll
A} 374 (Rubbery) .= 7143} Ew, o] Qlaf f2]7lo]
Z&(Tg)7h WobA Fja s a7 HEE BolsHA &
o] ¥3l7} 71438} H i Broughton, 2012). Landowski et
al.(2011, 2012)> M=ol SRy}t e Ay e
AFH IHoR AFES FAE HEtte] EFaAE
AlArstar g 3] A A7 eE:AR At Qs
A Sl gF2 ARE FANAE +EFTE0] AT
won, B3 spgt oA ARE FAo| T SeiE
Aol tiet A5 Aste] AFE FA7} 1.5mm o4
oM HelAE WAl 2 Aolrt ¢S shelskirt
Norwood and Holton(1991)2 20°C AF-2-0]| 4 80°C7}A]
20°C 71707 12 23 Askelo] ATET} EEE GFRP
o) HefaE WA @l disl Atetalon], HF
A& 10mm GFRP 3tWHol| Se|2F 7H4=7F 370 o] 4¢l
A58 a0z Aok ok g2 S St
ARG Lo 41 9] 7S AAJSIGITE Davies and Evrard
(2007)= siFeHgol AME= E9 9"t 2A4E 50°C
oA 100°C7IA] FAE R 112 Qs> 3 F3fsto] 4l
o] 50% gt AdS 2o s Aoste] oly
S Ag BEsto] 15°C sl 2ol A9 S oS5}

itk Lemoine(1995)% §12 0] 227} th2 thapgt 44
o AIES 20°CoIA 8°CTH LEEE 18 SF 9
3 4goz AnES B} e E A7 1%
0 o] AFolAe] £E sk B Ao AL
A FHOR ATES BER BILAS AR F 1
£ 43 Bel 7|k B AA A 5 B4 W)

(b) Wind Blade

Fig. 1. Application example of GFRP in water environment
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Table 1. Experimental values of Polyester Gelcoat measured
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Viscosity Gel time Dry—through time Thermal properties after 2 weeks at room temperature,
(Poise/25°C) (min/25°C) (h) Tg (°C) Conversion (%)
30~40 5~15 16 83 97.0

(a) chopped strand mat

(b) Roving cloth mat

Fig. 2. Fiber reinforced material
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Fig. 3. Infusion manufacturing method
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Fig. 4. Preparation of water—immersion test (laboratory aging)

Table 2. Aging test conditions

Immersion Temperature (°C)

Aging period, days

Immersion (aging)

55
65
75
85

Distilled water
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(a) Control (b) 55°C

(c) 65°C

(d) 75°C (e) 85°C

Fig. 5. Photo images of gelcoat surface after distilled water aging at various immersion temperatures
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Fig. 8. Micro CT scan images of GFRP laminates after water immersion for 30 days
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Table 3. Shore D type hardness of Gelcoat resin immersed in distilled water at various temperatures for 24 hours

Shore D Immersion temperature (°C)
(hardness) 23 35 45 55 65 75 85
gelcoat 89 87 85 83 80 74 70
Table 4. First crack (h) in 65°C, 75°C, and 85°C Ortho type gelcoat specimens
Immersion Temperature (°C) First crack (h) Ln (time, h) 1T
65 360 5.886 0.002957
75 120 4787 0.002872
85 48 3.871 0.002792
7.0 4 50
® 65°C (first crack) g
851 @ 75C (first crack) w0
co] & 85C(firstcrack) i
— Linear fit =
. 55 g T 30
5 g
£ 504 . o)
= ] = 20 B
- 454 % \
4.0 0 &
e Y = 12208(1/T) - 30.237 ' \E\
35 R?= 0.99746 “
0 T T T T
000270 000275 000280 000285 000290 000295  0.00300 10 15 20 25
1T Temperature (‘C)
Fig. 10. Arrhenius plots, initial crack occurrence time of Fig. 11, Life time of the gelcoat as a function of temperature

Gelcoat after immersion test at high temperature
(65°C, 75°C, 85°C)
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