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Abstract This research conducted an in-depth experimental study on the selection of resin materials for curing at normal temperature
of trenchless lining rehabilitation technique and the curing process of resin under low temperature conditions. A new plan for the
application of curing and overturning at normal temperature of trenchless lining rehabilitation technique for pipelines was proposed. It
was determined that epoxy resin materials were more suitable for the application of trenchless lining rehabilitation for pipelines cured at
normal temperature. The ratio design of epoxy resin component A :diluent :curing agent=100:20:1 was reasonable. It was determined
the application method of resin curing at normal temperature in winter in cold areas. This research had created conditions for the
application of curing at normal temperature of trenchless lining rehabilitation technique in the field of one-time long-distance pipeline.
It also provided a theoretical basis and practical reference for the construction of this technique applied under low temperature
conditions.
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Fig. 1 Schematic Diagram of CIPP Pipeline Rehabilitation
Technology
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Fig.3 Usual Air Pressure Flipping Equipment
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Fig.4 Low Temperature Infusion Equipment Based on the Principle of " Resin Material No Moving,

and Empty Felt Hose Dragging and Dispersing"
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Fig.5 Side Perspective of Hose Pneumatic Turnover Equipment with Cold Water Circulation Device
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Fig. 6 Implementation Steps of Trenchless Pipe Lining with Curing Repair Technology under Normal Temperature
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Tab.1 Design of Unsaturated Polyester Resin Ratio
Bl MERELAIRIER  fRBER BRI RLRLAEE

¥ MR A /ke ke kg /(kgem )
LL1 100 0.5 0.5 0.8
1.1.2 100 1.0 0.5 0.8
113 100 1.5 0.5 0.8
121 100 0.5 L0 0.8
1.2.2 100 1.0 L0 0.8
1.2.3 100 .5 1.0 0.8
1.3.1 100 0.5 L5 0.8
1.3.2 100 1.0 L5 0.8
1.3.3 100 L5 1.5 0.8
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Tab.2 Mechanical Data of Unsaturated Polyester Resin Specimens

fott  BUhoREE DliGREE DiEt: FERE EMbetR | Bl PiRRE DieRE DihEdE FESRE B
Fre /MPa /MPa  ii/MPa  /MPa /h 75 /MPa /MPa  Bift/MPa  /MPa /h
1.1.1 15.1 22.1 1783 1.5 168 1.2.3 33.6 39.3 1 080 5.8 16
15.9 22.8 1720 1.7 153 33.9 40. 1 1 809 6.2 18
16.2 23.0 1 688 1.7 124 32.5 39.5 2 101 5.9 20
S 15.7 22.6 1730.3 1.6 148.3 || SEHMH 33.3 39.6 1663.3 6.0 18.0
1.1.2 18.7 26. 8 1770 1.5 56 1.3.1 43.0 48.0 2 591 3.6 89
20.5 26.6 1920 1.1 47 45.6 48.9 2612 2.9 9
21.0 25.9 2 005 0.9 43 38.9 45.7 2 260 3.1 102
RSl 20. 1 26. 4 1898.3 1.2 48.7 || FHafl 42.5 47.5 2487.7 3.2 95.7
1.1.3 22.0 26.9 1780 1.4 25 1.3.2 40. 1 50. 1 2 459 1.9 36
19.4 27.4 1790 1.5 25 38.2 48. 1 2435 2.5 33
23.7 27.5 2100 1.4 22 39.2 46. 6 2 790 2.2 33
FHME 21.7 27.3 1.890.0 1.4 24.0 || FIMH 39.2 48.3 2561.3 2.2 34.0
1.2.1 29.5 30.4 1901 5.7 150 1.3.3 22.7 28.9 1760 0 5
29.5 30. 1 1890 6.9 142 23.5 25.4 1 650 0 7
28.9 32.6 2010 6.8 131 22.0 29. 1 1797 0 5
S 29.3 31.0 1933.7 6.5 141.0 || V{4 22.7 27.8 17357 0 5.7
1.2.2 33.1 37.8 1898 5.6 36
33.6 39.0 1999 5.0 43
32.0 36. 8 2108 6.2 43
44 {H 32.9 37.9 2001.7 5.6 40.7
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Tab.3  Proportioning Design of Vinyl Ester Unsaturated Resin

. SR ZIEEE  SHME S ﬁ.hﬁi&.ﬂm ‘L%%%E
R BEARAR AR AR LT YR
BEF 45/ ke #/kg /kg /(kg-m™?)
2.1.1 100 10 0.5 0.8
2.1.2 100 20 0.5 0.8
2.1.3 100 30 0.5 0.8
2.2.1 100 10 1.0 0.8
2.2.2 100 20 1.0 0.8
2.2.3 100 30 1.0 0.8
2.3.1 100 10 1.5 0.8
2.3.2 100 20 1.5 0.8
2.3.3 100 30 1.5 0.8
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Tab.4 Mechanical Data of Vinyl Ester Unsaturated Resin Specimens

Bt brhoampr SR st FiEsREE Bkt Bobb  prhiampr DsREE DhERtE FEsREE EERE
Jre /MPa /MPa  Hiit/MPa  /MPa /h 75 /MPa /MPa  Bikt/MPa  /MPa /h
2.1.1 20.2 25.6 2 008 5.1 23 2.2.3 19.3 24.2 1920 6.4 42
21.1 26. 1 2014 5.5 24 19.5 23.3 1 898 6.8 46
21.7 24.8 1993 6.0 26 19.9 25.5 1 930 7.1 49
FHME 21.0 25.5 2 005.0 5.5 24.3 || FHE 19.6 24.3 1916.0 6.8 45.7
2.1.2 17.6 23.1 1906 3.9 35 2.3.1 38.2 45.8 3 840 4.3 8
18.3 22.7 1 898 4.5 33 38.7 46.1 3777 4.6 9
18. 8 24. 1 1922 4.4 37 39.0 46.9 3890 4.8 9
TG 18.2 23.3 1908.7 4.3 35.0 || EHHE 38.6 46.3 3835.7 4.6 8.7
2.1.3 15.2 21.1 1561 2.3 56 2.3.2 25.6 38.2 3021 3.9 11
15.7 22.9 1 456 2.6 58 26. 6 38.9 3009 4.2 13
16.6 23.3 1601 3.1 60 26.3 39.1 3045 4.6 15
TG 15.8 22.4 1539.3 2.7 58.0 || Ty 26.2 38.7 3025.0 4.2 13.0
2.2.1 27.9 32.2 3520 8.3 16 2.3.3 20. 0 30.9 2510 2.8 25
28.3 33.4 3361 7.9 18 19.8 31.4 2459 2.7 26
29.1 35.0 3478 8.9 19 21.2 32.5 2 640 3.1 28
S 28.4 33.5 3453.0 8.4 17.7 || FHE 20.3 31.6 2536.3 2.9 26.3
2.2.2 24.3 27.7 2109 7.5 28
24.9 26.3 2 098 6.9 31
25.4 28.9 2202 7.1 29
T E 24.9 27.6 2136.3 7.2 29.3
5 WAMIRR L 4.2 FREUHEEREZFHFTHEWLT
Tab.5 Design of Epoxy Resin Ratio e 7T
—_ e BN =R
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I ARIEE EAMAE TMEAHHE  dY4H S ? X 2= 3L b XHE IE Vi : £
Uoik/ke BRIk BAEA/kg  /(kgem2) BREFEARNHAEZRNZE, WA DZTT R
311 100 10 0.5 0.8 HUE T B 422 (5 C LT ) RIS T a9t 1.1
3.1.2 100 20 0.5 0.8 ST
a1 % o3 o8 ARLA 3 VEL AL PR Ao B A B A, L 1k
U . ., o FEAE 5~50 °C 52, 75 B ik A6 T BT fig )
1 100 “ Lo os WEATEN 5~50 CRY¥ARE , B WA E HF B R
A N o s IR BRERI 7% 5 B SR R A Z 05 K
1 " L o FRINE g 0, 2 8 2 LR A T2 D2 AT 2k
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A RAFRE SR R S AT k2L RE
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Tab.6 Mechanical Data of Epoxy Resin Specimen

Bt BUROREE DlGREE Diet: FERE EbetR | Aok PiRORE DERE DR FESRE Efbem
75 /MPa /MPa  Hiit/MPa  /MPa /h 75 /MPa /MPa  fiifg/MPa  /MPa /h
3.1.1 25.2 30.2 2017 9.1 59 3.2.3 28.9 36.8 1982 10.3 67
24.8 31.1 2 009 9.2 56 29.3 36.8 1967 10.5 68
24. 4 31. 4 2012 9.6 57 29.5 37.6 1955 10.6 70
T 1H 24.8 30.9 2012.7 9.3 57.3 || “FME 29.2 37.1 1968.0  10.5 68.3
3.1.2 22.3 34.5 1997 8.7 64 3.3.1 28.8 34.6 1912 9.4 23
21.5 33.6 1 968 8.9 63 27.9 33.3 1943 9.6 24
22.9 35.1 2001 9.3 61 28. 1 35.6 1932 9.9 26
S 22.2 34. 4 1988.7 9.0 62.7 || FiE 28.3 34.5 1929.0 9.6 24.3
3.1.3 19.8 28.7 1766 7.5 72 3.3.2 24. 4 30.9 1767 3 28
20.2 27.9 1688 7.8 73 24.5 31.1 1811 8.1 26
20. 4 29.1 1742 7.9 75 25.3 32.2 1 809 8.5 29
SH5{E 20. 1 28.6 1732.0 7.7 73.3 A 24.7 31.4 1795.7 8.3 27.7
3.2.1 38.9 46. 4 2 351 11.7 37 3.3.3 21.2 30. 4 1 699 8.1 34
37.7 45.3 2 288 11.9 36 21.6 30.7 1677 8.4 32
39.1 46.9 2 345 11.5 35 22.3 29.9 1 689 8.5 37
FHE 38.6 46.2 2328.0 11.7 36.0 || FHE 21.7 30.3 1688.3 8.3 34.3
3.2.2 33.5 41.7 2170 11.0 46
32. 4 41.8 2 067 11.4 47
33.5 42.7 2189 11.8 49
T E 33.1 2.1 21420 11.4 47.3

B8 ZJEHEMAE 2.2. 1 Bt . —30~80 °C . 10%
BRER I/ SR PN 58 f5 v B 1R (A B R 2 X))

Fig. 8 Photograph of Electron Microscope after Accelerated
Test of Vinyl Ester Resin No. 2.2.1 Ratio, -30~80 C,

10% Sulfuric Acid Liquid/Vapor Environment
(Obvious Cracked Areas)
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BRI/ ER5E rh o g o I P B 1 (D) 2R X3
Fig. 9 Photograph of Electron Microscope after Accelerated
Test of High-Performance Modified Epoxy Resin No. 3.2.2
Ratio, =30~80 °C, 10% Sulfuric Acid Liquid/Vapor

Environment ( No Obvious Cracked Areas)

JEFE ) ZAEH K IR 10 s, DB E A T
SHARRANZINIAT 58 B, (IR B 3 S

AR ES & (4F 90~110 C)

— 135 —



B Ot X, 2 55

ST MR

i LA R BOK S BARIHZ B E R

Vol. 41, No. 8,2022

& 10

ZRTCH B IR S — R

Fig. 10 Schematic Diagram of Steam-Assisted Heating of Program One
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Tab.7 Temperature Measurement of Steam-Assisted Heating of Program One
PEZERA R AR rhalikE BRI || BEZERA D TSR rhaliE BRI || BEZRA D TR P R
i /% /% /¢ ERY /C /% /C HiERS /C /C /%C
0m 105 95 91 200 m 65 58 51 400 m 29 30 26
97 97 85 64 54 49 31 35 27
99 91 85 65 55 51 29 32 27
REch Y 100. 3 94.3 87.0 | VIiEE 64.7 55.7 50.3 || SFEIREE 29.7 32.3 26.7
100 m 87 76 68 300 m 39 40 38
86 74 69 40 41 40
82 74 64 38 41 37
K 85.0 74.7 67.0 || “FEIEEE 39.0 40.7 38.3
I &R TR NKCETT I (Phae)) EREE 42,2 ZREENINAOT R

FOREZ PR 221, AR AR T A6 AN 24 2] S A
AR BRI 3 R 0 i B K B A g it 2 Al
THOLCE 1) APkl IERNZIn I AT
IR e

& 11
Fig. 11
the Surface of the Resin Material of the Inner Liner
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Fig. 12 Schematic Diagram of Steam-Assisted Heating of Program Two
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E13 i 14 B IGEA
Fig. 13 Test Pipeline Fig. 14  Photo of the Test Site
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Tab.8 Temperature Measurement of Steam-Assisted Heating of Program Two

PEZERA T TURIREE IR RN | FEZERA L DERE hiEeE ARRE || HAENAD DUREE PiRE  SRRE
BE R /C /C /C i) /C /C /°C i) /C /C /C
0m 55 54 49 140 m 44 38 36 280 m 30 27 25

53 53 49 45 37 35 31 26 22
49 50 47 46 37 33 30 26 22

SRR 52.3 52.3 48.3 || PR 45.0 37.3 34.7 || FHIREE 30. 26. 23.0
10 m 54 49 47 150 m 39 37 34 290 m 31 25 24
52 47 45 38 36 34 33 27 26
53 47 45 38 37 33 30 22 23

IR 53 47.7 45.7 || PR 38.3 36.7 33.7 || PR 31. 24. 24.3
20 m 50 47 44 160 m 35 33 30 300 m 31 30 23
51 47 45 34 30 30 33 33 20
51 46 44 34 32 30 33 38 22

SRR 50.7 46.7 44.3 || PR 34.3 31.7 30.0 || PR 32. 33. 21.7
30 m 52 49 44 170 m 34 32 30 310 m 36 26 22
51 47 42 35 31 31 33 25 21
48 45 42 35 31 30 30 25 22

SRR 50.3 47 42.7 || PR 34.7 31.3 30.3 || PR 33. 25. 21.7
40 m 52 46 44 180 m 34 30 30 320 m 28 25 21
51 42 42 33 31 31 27 22 22
51 43 42 33 32 31 27 23 19

SRR 51.3 43.7 42.7 || PR 33.3 31.0 30.7 || PR 27. 23. 20.7
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FRZERA DURRIE iR EICIRE || BEARAL DERE hiEy SRR || BARA D TEREE PERE SRR
i) /C /C /C i) /C /C /°C i) /C /C /C
50 m 50 44 43 190 m 32 29 28 330 m 25 20 18

49 45 43 32 29 28 23 19 17
49 45 41 31 28 26 23 17 19
SRR 49.3 44.7 42.3 || PR 31.7 28.7 27.3 || ¥R 23.7 18.7 18.0
60 m 50 43 39 200 m 32 28 25 340 m 22 22 21
50 43 2 33 28 26 23 21 20
48 45 42 31 29 26 20 21 20
SH R 49.3 43.7 41 YR 32.0 28.3 25.7 || PR 21.7 21.3 20.3
70 m 46 43 39 210 m 32 28 27 350 m 20 18 16
48 41 39 31 28 27 21 16 17
48 39 40 30 27 26 20 18 22
-2 ik 47.3 41.0 39.3 || SFHREE 31.0 27.7 26.7 || FHEE 20.3 17.3 18.3
80 m 48 46 40 220 m 30 26 24 360 m 25 20 17
47 44 43 30 26 24 23 21 18
47 40 41 29 25 24 20 20 18
V-2 ik 47.3 43.3 41.3 || PR 29.7 25.7 24.0 || PR 22.7 20.3 17.7
90 m 45 42 38 230 m 30 28 26 370 m 22 17 17
45 40 38 31 28 26 21 18 15
45 39 37 29 27 25 19 18 16
SRR 45.0 40.3 37.7 || CE¥IEEE 30.0 27.7 25.7 || FIIREE 20.7 17.7 16.0
100 m 45 43 38 240 m 29 26 23 380 m 22 22 18
43 44 35 28 27 26 25 20 18
44 47 35 28 25 27 25 23 20
TR IR 44.0 44.7 36.0 || PR 28.3 26.0 25.3 || PR 24.0 21.7 18.7
110 m 43 38 35 250 m 27 25 25 390 m 19 16 14
42 39 32 28 21 26 17 15 16
44 35 33 28 20 22 19 16 16
Y 43.0 37.3 33.3 || PR 27.7 22.0 24.3 || PR 18.3 15.7 15.3
120 m 39 36 36 260 m 26 25 22 400 m 17 15 14
38 35 33 27 23 25 16 14 14
38 36 30 28 21 21 16 16 17
-2 ik 38.3 35.7 33.0 || “FIHiEE 27.0 23.0 22.7 || FYIRE 16.3 15.0 15.0
130 m 40 39 35 270 m 26 22 26
42 38 36 26 25 21
42 39 36 26 24 19
F-H i 41.3 38.7 35.7 || PXEE 26.0 23.7 22.0
TR0 PR JZ A4 R AR A [ AL R 4T R R A iR, O 58 A B T RO 28R
RN 45 [ Ak B i R4 A e b (181 15) PLH PR R e s S, [ VR B 78
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Fig. 15 Curing Resin Material of Inner Liner
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