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Study of structural properties and development of high strength
Cured-In-Place Pipe (CIPP) liner for sewer pipes using glass fiber
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ABSTRACT

Cured-in-place-pipe(CIPP) is the most adopted trenchless application for sewer rehabilitation to extend the life of the existing
sewer without compromising both direct construction and indirect social costs especially applied in the congested urban
area. This technology is globally and domestically known to be the most suitable for partial and full deteriorated pipe structure
rehabilitation in a sewer system. The typical design of CIPP requires a significant thickness of lining to support loading causing
sewage flow interruption and increasing material cost. This paper presents development of a high strength glass fiber composite
lining material for the CIPP application and structural test results. The test results exhibit that the new glass fiber composite
lining material has 12 times of flexural strength, 6.2 times of flexural modulus, and 0.5 Creep Retention Factor. These test
results can reduce lining design thickness 35% at minimum. Even though taking into consideration extra materials such
as outer and inner films for actual field applications, the structural capacity of the composite material significantly increases
and it reduces 20 percent or more line thickness as compared to the conventional CIPP. We expect that the newly developed
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CIPP lining material lowers material costs and minimizes flow capacity reduction, and fully replaceable to the conventional

CIPP lining materials.

Key words: Trenchless technology, Sewer rehabilitation, CIPP, Glass fiber reinforced plastic, Creep test
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(a) Pulling method
Fig. 1. Cured-In-Place Pipe (CIPP) installation.

(b) Inversion method
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Table 1. Composite CIPP sample materials for short-term tests (Ji et al., 2018)

Materials Abbreviation Thickness (mm) |Unit Weight (g/cm?)
Unsaturated Polyester Resin N/A N/A 1.13
Thin Polyester Woven Fabric TF <0.5 0.637
Polyester Needle Felt F 2.0 0.306
Coating Polyester Needle Felt CF 1.5 0.469
Thin Roving Cross Glass Fiber Mat TG 0.5 0.9
Roving Cross Glass Fiber and Chopped Strand Mat G 1.0 0.96
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Table 2. Summary of mechanical property test results

Group | Too and Bottom Thickness and the Number of Thickness Flexural Flexural Flexural Strain at
No P P laver Layer of Glass Fiber (mm) Modulus Strength maximum load
' Y (mm / layers) (Gpa) (Mpa) (mm/mm)

1/ 4 5.61 12.83 304 0.033
. 1/5 6.12 12.86 371 0.031

1 Only Glass Fiber
1/6 8.49 10.51 319 0.034
1/7 9.05 10.88 357 0.036
1/ 4 5.84 9.00 297 0.042

2 1 & 1 mm Felt
1/5 6.35 9.88 353 0.042
3 2 & 1 mm Felt 1/4 6.97 5.60 218 0.047
1 & 2 mm Felt 1/4 7.07 5.60 172 0.046
1/2 7.31 3.59 91 0.080
1/3 8.07 3.78 136 0.067

4 2 & 2 mm Felt
1/ 4 9.71 4.59 158 0.062
1/5 13.07 4.00 141 0.059
5 | ©°&15mm 1/3 5.98 4.29 149 0.054
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