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Abstract : In this study, a fiber reinforced plastic (FRP) pipe with superior wear resistance was developed to
replace the fly ash pipe of cast iron. Wear test was performed with various combinations of SiC filler and resin
materials of unsaturated polyester, vinylester, epoxy, and phenol. Test results of ASTM D4060 showed the
optimal combinations of resin, filler size, and resin/filler ratios. Test results of comparison between FRP and cast
iron showed the possibility to replace cast iron pipe with the FRP pipe. Field test executed to compare the wear
resistance between cast iron pipe and developed FRP pipe showed the superiority of the FRP pipe.
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Table 1. Wear test conditions

Fiber E-Glass (38 wt%)
Composite Matrix Unsaturated polyester, Yinyl ester,
Epoxy, Phenolic
Material SiC
Powder | Size (mesh) |46, 80, 100, 120, 150, 180, 320, 400
Ratio (%) 20 ~ 60
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Table 2. Data for resin materials

Resin U;(S)T;::f::d Vinylester Epoxy Phenolic
Model HG-3689FWT RF-1001 $5-2013W GP5018
Maker Cray Valley Cray Valley SNS Georgia-Pacific
Gel time 25 min 25 min
GTP 15 min 13 min
Pot life S hrs, 25C 90 min, 25T
Post-cure f4h}rlsr’s,1124(1)0(2C L br, 907C o

+4 hrs, 160 +60 hrs, 110TC
Catalyst MEKP55 1% MEKP55 1% $S-2013H 4/9 GP4839 6 pph
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Figure 1. Wear tester (Taber Model 5130).

Table 3. Wear test of unsaturated polyester matrix

Mixing ratio (wt%) Powder size  Wear size
Resin Powder (mesh) (mg)
70 30 46 51
50 50 46 39
70 30 80 28.2
60 40 80 28
55 " 45 80 24
50 50 80 26.5
60 40 100 41
60 40 120 41.5
60 40 150 74.6
80 20 180 155
60 40 180 129
80 20 320 194.5
60 40 320 207
40 60 320 200
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Table 4. Wear test of vinylester matrix

Mixing ratio (wt%) Powder size  Wear size

Resin Powder (mesh) (mg)
70 30 80 225
55 45 80 23.8
60 40 100 28
60 40 120 43.6
60 40 150 78.3
80 20 180 101.3
60 40 180 120.6
80 20 320 146.1
60 40 400 169.7

Table 5. Wear test of phenolic matrix

Mixing ratio (wt%) Powder size  Wear size
Resin Powder (mesh) (mg)
60 40 80 22
55 45 80 23
60 40 100 24.6
60 40 120 47
60 40 150 78.3
80 20 180 132.6
60 40 180 150
80 20 320 221
60 40 400 262.5
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Table 6. Wear test of epoxy matrix

Mixing ratio (wt%) Powder size  Wear size

Resin Powder (mesh) (mg)
70 30 80 21
55 45 80 21.5
60 40 100 23.6
60 40 120 35
60 40 150 43.5
80 20 180 73.4
60 40 180 91.7
80 20 320 113.9
60 40 400 173.7

Table 7. Comparison of wear size

Wear size (mg)
H-10 CS-17
FRP 34 25
Cast iron 720 72
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Figure 2. SEM pictures of FRP with unsaturated polyester
and SiC.
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Figure 3. Structure of spray wear tester.

Figure 4. Spray wear tester.

(a) Before (b) After

Figure 5. Wear test results of cast ivon (SEM).

(b) After

(a) Before

Figure 6. Wear test results of epoxy composite (SEM).
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Table 8. Specifications of epoxy FRP pipe

Filler SiC
Mesh size 80
Mixing ratio (wt%)

(resin : filler) 70230

Layering method Filament winding

Length (mm) 990
. Inner (mm) 305
Diameter
Outer (mm) 337
Connection Adapter
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Figure 7. Wear measuring points.
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Figure 9. Thickness change of FRP pipe for 6 points.

19 4

Thickness (mm)

13 L 1 1 L L O
1 14 30 50 72 98 130

Time (days)

Figure 10. Thickness change of cast iron pipe for 6 points.
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