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Trenchless Repairing-Reinforcing Process of Underground Pipes with Advanced
Composite Materials

Woo Seok Chin*, Jae Wook Kwon*, Dai Gil Lee”, Ae Kwon Yoo

ABSTRACT

To overcome the disadvantages of conventional excavation technology, various trenchless (or excavation free, or
no-dig) repair-reinforcement technologies have been developed and tried. But trenchless technologies so far
developed have some drawbacks such as high cost and inconvenience of operation. In this study, a
repairing-reinforcing process for underground pipes with glass fiber fabric polymer composites using VARTM
(Vacuum Assisted Resin Transfer Molding) has been developed. The developed process requires shorier operation
time and lower cost with smaller and simpler operating equipments than those of the conventional trenchless
technologies. For the reliable operation of the developed method, a simple method to apply pressure and vacuum
to the reinforcement was devised and flexible mold technology was tried. Also, resin filling and cure status
during RTM process were monitored with a commercial dielectrometry cure monitoring system, LACOMCURE.
From the investigation, it has been found that the developed repairing-reinforcing technology with appropriate

process variables and on-line cure monitoring has many advantages over conventional methods.
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Fig. 1 Repairing-reinforcing processes of underground pipes with

RTM: (a) removing deposits and protrusions in the pipe;
(b) the reinforcement is connected to a rope and pulled;
(c) closing two covers at the both ends of reinforcement;
(d) resin injection; (e) resin wetting and curing,
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Fig. 2 Preparation of the reinforcement.
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Fig. 3 Cover design and assembling method: (a) detailed design
of the cover (steel ring + acryl disk) and its assembllng
method; (b) clamping method of covers and positions for
pasting adhesive.
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Table 2 Specifications of Tarpaulin Materials

FA 8 FAHEA 0 FHH IFAA SM(Styrene
Monomer)o] &z} A9 HEFsle 38HE WeS qo Product Name Aqua-Tex Pro-Top Pro-Sol
A BAWESE opr]sty] wiEolth
Composition Polyester Fabric + PVC Resin
Table 1 Material Properties of the Cured Unsaturated Thickness -
Polyester (AEKYUNG PC670) (mnm) 045 ~ 1.0 0.35 ~ 0.60 0.55 ~ 1.0
Molded Plate Layered Plate Price (won/mz) 9,000 2,500 6,000
Property Property : o
. ‘ No Pin-Hole High Durability
Bending Strength (MPa) | 104 | Bending Strength (MPa) | 167 No Air-Leakage &
Bending Stiffness (GPa) | 3.9 | Bending Stiffness (GPa) | 7.8 Specifications Multi-Layered Wear Resn§tance
Acryl Coating User-Defined
Tensile Strength (MPa) | 54 | Tensile Strength (MPa) | 89 aryl Coating Strength
Tensile Modulus (GPa) | 4.1 | Tensile Modulus (GPa) | 9.7 Air Channel
Tensile Strain (%) 1.5 | Glass Fiber Content(%) |31.3 Used for Boat, Pool, ctc ) Tent Air POITIC
Sign Board | Connection Part
<Curing Conditions> of a Train

Catalyst: 55 % MEKPO 1 % +6 % Co-Naph 0.1 %
Cure: Room Temp./24Hours + 60°C/5Hours
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Table 4 Specifications of the MAXBOND2220

Main Component Polyurethane Resin
Appearance Semitransparent, Clear Liquid
Non Volatile (%) 18 = 1
Viscosity (at 25TC) 3.5 + 0.5 Pasec
Specific Gravity (at 207C) 0.8 + 005
Drying Time (at 25°C, min) 1~2
Pot Life (hour) About 4 hour
Main Solvent Acetone, MEK
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Table 5 Material Properties of the Cured Epoxy Adhesive
(3M DP460)

Properties Value

59 (Below Tg)
159 (Above Ty)

CTE (10*m/m<)

Poisson Ratio 04
Density (kg/m’) 1100
Elastic Modulus (GPa) 2.7

Tensile Strength (MPa) 37
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< Reinforcement > Breathing Tube

Quter Film

Breathing Tube
(b)

Fig. 5§ Void removal method using the porous breathing tube: (a)
schematic diagram; (b) photograph of the reinforcement
applying this method.

Fig. 6 Figure of completely wetted reinforcement.
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