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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 shorter 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.

QI A>
Fig. 1(c)2} Zo] vfAdt Qo] qhatd B Ao U$ES
H Fsteel ring) k3P Y¥acryl disk)2 2 o] Fo]
Ei?H% ojgste] ZEch WA ME HAEe =Y
ig. 390 vpel Qlth o] W =¥ FRKband clamp)E
01%’}01 E*?HS’% BN Adstn nAdch W=
= 4 FHE utet 7hEg o Tl 7]
}*ﬂ 2 A4 ¥ aF AA

o

oL N,

Qoo JR N oY MU oE rir

ﬂ.L\.
g

99 #3029 ves

fst
o
%9,
o
1
= o
Lo
oX
Y
o
L e
al
[na}
#
Sl
2
I
pL
=
10

ig. )% Zo) F4% Gfe) A
FUF FA FHHE A48 RTM FHE o] §34

235 ZeEdxE $£AE FYIh AMSEHE EXE
g 28 FAE= G A (monomenE T4 o HE7l o

< Acryt Dis! -
\‘\‘
\
1
/
Y/
|

\<.

< Assembling Method >

Bolt

T
/

1’1

=g

Groove for Fitting
Band Clamp

< Steel Ring >
¢ \\
I \f\\ Palle
N \\ / O-Ring
A\
\\

Groove for O-Ring

(a)

Cover

Toner Film

(b)

Pasting Adhesive

Fig. 3 Cover design and assembling method: (a) detailed design
of the cover (steel ring + acryl disk) and its assembling
method; (b) clamping method of covers and positions for
pasting adhesive.

o13). wWeby FY F o)Fe] folatad, £ Fho] 2

E:E:\o] }\_1.11)_5‘.];] 0}:1;}_ %a}z—lo] RTM L\g— _‘% )
o2 AdyY 29 oz FAE ZA %%}"}E w2l o]},
714 71t glol #AE YRR 8T A /5ol
BAste] A FYAILe] dEsBR E* 4 F3ANZ
T Ao
<4HA]>
A %o FAE FUF F RTM BHE 4 F4
oA EeEjgch FUE Qe 7 FETE Bl &7
Fst Fig. 1(e)ot Zo] Bazi7t afjd o)
asmA F£9 FA7F HA ZEFe T Eol EAA
5-7b w94 A %E’r. ol W wiEx g9 Fy) wWEF
F %*EE dsted 3L Mo A ZeE
2o F7)7F W

oL 2 ot o

mﬁiﬂ
\0—1-'

7}711 drh $74 39 F 48t @
| 9AE AAs) FHE opLh

2.2 #xlof MH

A& e 71X1h 2L = Ao Mfe FH2
(fiber buckling)o] Yolrls 7L Ay, EFAs9
3]

-’x‘,-%}E(compresswe strength)2) kAol 7] gtei[14]. X 3}ul]
dae] 499 Zol FI}FE B TREA Qo 71H
7F B3 847 T nAE 9% w¢ 3oE, HF

g 1% Aae uf Fa3ich Ao dde] Ry
ZHE RTMEREL X3 olFoxrng, HA#(viscous

fluid)?) B 7 3H 4 (thermosetting) 323 X (polymer) FAE 7]

A2 AMgEol s, o] W AHRHE FAe vEe 9%
3 A% Frh ook dha, Al i ZeES &F



AIIS% 1 9k 2002, 2 A SHYEE ol &g v Fd Asiofdyt B BPgEY

25

3] ghAAlA o goi15).

AT e Bp-E7 FHY A4S Aaddn A8y
3ot 2308 AMS FAE ol FEHAFA ).
A2 A g B8l AAHE 4N Y
P Ao FHor wai 542 01%—8}0401: CAcN-
FA9 FE7h shojof 3w, stZo]l AFsoF Tk FA
Prksjol AL e RIME FAE oNE A (epoxy)St
Z 2lo)l ~F{(polyester) T 7} =& o].,_ 7 oon AL =
o] =4 AdeiZo] it Hith o] F AEAN FXE 1 B
dol 9Fste] T $F Ropo] F2 AlLELL J1FHo
vl #7] wjEol) o EAle] vl s}Zo] sH) AL HYPI A
Axe Bxs Eedl2E FRE AEslY d7E Fyst
Ak AHEE FAE oA sk PC670 RTME % 3
2ol 2E] 422 orthophthalic type®] Az, WNETEr A
(0.2 Paxsec) F=Aolt}. FdAl(filler)d H7}7} 7} 5t
7Hae 2EE F don WEd4 S F4NE F Aok
8 BAE ohg9 Table 13 2o}

ol'

ol

F EZAAE wiEHE Yo 4
fr ZjEo] miAdE el &
PAY, i Adte 2ol 2 @HA XEES 5
% 715, R F HEAE 37 ¢8-S AAsE
2to] H3hg shA "o
ole)d FE2 ALEF7) AN FEIF AAPYE Yntr
A tlEo] RTM Al A5 & B2 Zajo28 429
°] gteta <t de] aFse, ol BXE Zrjd 4y
219 FAHED whEAd FEA SERAY SM(Styrene
Monomer)o] &2 ARt HEs ety wgg Ao
A BEAWEE ofrlslr) “HT':O]E}‘.

,..
oX n%

ﬁmmog;

=
fu
A

_!

Table 1 ‘Material Properties of the Cured Unsaturated
Polyester (AEKYUNG PC670)

Molded Plate Layered Plate

Property Property

Bending Strength (MPa) [ 104 | Bending Strength (MPa) | 167
Bending Stiffness (GPa) | 3.9 | Bending Stiffness (GPa) | 7.8
Tensile Strength (MPa) 54 Tensile Strength (MPa) 89
Tensile Modulus (GPa) 4.1 Tensile Modulus (GPa) 9.7

Tensile Strain (%) 1.5 Glass Fiber Content(%) |[31.3

<Curing Conditions>
Catalyst: 55 % MEKPO 1 % +6 % Co-Naph 0.1 %
Cure: Room Temp./24Hours + 60°C/5Hours
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Table 2 Specifications of Tarpaulin Materials

Product Name

Aqua-Tex

Pro-Top

Pro-Sol

Composition Polyester Fabric + PVC Resin
Thickness 045 ~10 | 035-~060 | 055~ 10
(mmm)
Price (won/m") 9,000 2,500 6,000
No Pin-Hole High D‘;rablhty
Specifications No Aff«Leakage Wear Resistance
Multi-Layered .
Acryl Coating User-Defined
eyl Loatng Strength
Air Channel
Tent Air Dome
Used for Boat, Pool, etc Sign Board | Connection Part
of a Train
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Table 3 Tensile Properties of Various Film Materials

Aqua- | Pro- Pro-

Materi PV p :
aterial C ] PE Tex Top Sol

Strength | A| 120 | 284 | 124 | 788 | 384 | 945
MPa) g | 95 | 122 | 124 | 632 | 364 | 803
Falre | A 27 | 30 | 48 | 033 | 029 | 030
Swain | g 33 | 61 | 48 | 030 | 028 | 035

Required | A| 2 09 | 20 | 032 | 065 | 026

Thickness

(mm) B 35 2.0 2.0 04 0.69 031

Available | A 0.1 0.1 0.1 045 035 0.55
Thickness ——  ~ ~ ~ ~ ~ ~
(mm) B 1.0 0.5 0.2 10 0.6 1.0

A 1 Without Soaking
B : Soaking in Unsaturated Polyester Resin(PC-670) for 12 Hours
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Table 4 Specifications of the MAXBOND2220

Main Component

Polyurethane Resin

Appearance

Semitransparent, Clear Liquid

Non Volatile (%) 18 £ 1
Viscosity (at 257C) 3.5 % 0.5 Pasec
Specific Gravity (at 207C) 0.8 = 0.05

Drying Time (at 25°C, min)

1 ~2

Pot Life (hour)

About 4 hour

Main Solvent

Acetone, MEK

Amount of Cure Agent
/Total Amount

0.75kg/15kg
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Table 5 Material Properties of the Cured Epoxy Adhesive

(3M DP460)

Properties

Value

CTE (10°m/mC)

59 (Below Tp)

159 (Above Ty)

Poisson Ratio 04
Density (kg/m®) 1100
Elastic Modulus (GPa) 2.7
Tensile Strength (MPa) 37
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<Renforcement > Breathing Tube

Outer Film

inner Fam T

iber Preform

(a)

Breathing Tube

(b)

Fig. §

g, Void removal method using the porous breathing tube: (a)

schematic diagram; (b) photograph of the reinforcement
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Fig. 6 Figure of completely wetted reinforcement.
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