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Abstract

Aiming at the problems of aging and leakage of urban underground pipe networks, traditional ex-
cavation repair technology has drawbacks such as long construction period and great environmen-
tal disturbance. Trenchless rehabilitation technology has been widely used due to its minimally in-
vasive advantages. To reveal the mechanical adaptability laws of different trenchless rehabilitation
technologies and guide engineering selection and construction optimization, this paper systemati-
cally sorts out the technical principles of mainstream trenchless rehabilitation technologies (CIPP
lining, fold-and-form lining, spray-on lining, mechanical pipe bursting). Through laboratory tests
and numerical simulation, their mechanical properties (compressive strength, crack resistance, in-
terface bonding strength) and adaptability under complex working conditions (different pipe diam-
eters, soil pressure, groundwater action) are analyzed. Combined with 3 typical engineering cases,
the technical application effect is verified, and the optimization path of mechanical performance is
proposed. The results show that the CIPP lining technology has the best mechanical adaptability in
pipes with diameters of DN400-DN1200, and the ring stiffness of the repaired pipe can reach more
than 12 kN/m?; the spray-on lining technology has strong adaptability to pipes with irregular cross-
sections, but its impact resistance is weak (impact strength is only 1.2 k] /m?); the mechanical pipe
bursting technology has better stability than other technologies under high groundwater pressure
conditions (water pressure > 0.8 MPa). The results of this paper can provide theoretical support
and engineering reference for the technical selection, mechanical performance design and con-
struction quality control of urban underground pipe network trenchless rehabilitation projects.
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1. 5|8
1.1. fAIRERE5EX

BT N MR ORI T IS AT “AER R, MEAHK. R BES 2. RENEH T
B 120 JTAH, HAir 40% s/ 30 45, (AIEEER . Y. WRAE I, 7 EE I T %
SRR, £ ZBERART KEABEE T, MUSECCEHE. AR5 Y, BaiEmEXR
LUK P A BB E A 800 J170) [2]. JEFF#21EE AR (Trenchless Rehabilitation Technology)id
HAFZE D B ER, SCEEEE SR, BEAN LMER . REEm/N . A TEERS, &
RO S 0 3 7 1 [3]

ORI, ANFRFEFFIZEE RN SE TG E R B, WEEEAE. MR, HERA HNKENSET
BURRE RS AMIF . 487 TR AEREAREREE B, TR G EE NS, FEBEEEEH
PRI A B . S5RTRY) [4]. DR, JFRAETFFZEEHAR M =GR AL, A AR
(3E A 5 1A AR, R T B R iR B KA L IR ME S TR
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7 CIPP WAMPEHIK A7k Re, RILHLIRRIFEAEIRYE 10 FEReRFFHILAMERT 85%: HAZ:#H
Tanaka ZE[6]8F & T 4T SN AT A B, 3271 T HARX KA 16 (DN > 1500 mm)F3&E M. E N7
M, FERILEFHTIH THOREE R ARIE R M E R 1B E AR, (ARH B T /KR, 2
HEEF[8]HE T ANSYS #37 [ CIPP WAMEEETEM )58, (A= TRESCNEHRIUE. 25 1, AP
FAEZ KA (1) AFEFEARM S F5E RN U A R s (2) 4 ToLCnm K . AW = 1)
S SR AN (3) J15PERE S AR B OGR4 AT Rk

13. ARABT SRR

AL EHHFAR: (1) ERITHZBEERI RIS J 2R 08 (2) AFRTTHN R 25258 K
PERIRIE SEUE AN (3) M TREN R 5BV (4) T2 tERe b il BORBRZL: BoRME
— S5 - BUE A - TR R U i

2. WA TEMIEFEZEERARER
2.1. ERBARFAEFE

2.1.1. [RAIEHECIPP AFRHESHER)

CIPP (Cured-in-Place Pipe) A& H AR FIR A R IR PCE RN IHEE, FIHPOK, R84S
LR, RS R TE BB WA ZE (R 6~20 mm). %3 AEH T DN100-DN2000 {54 2K 818,
BSfaEEMHEYE S &N RIIRE, FARAME R E IR N A RARES N, [E 46 A s ]
i& 30~50 MPa.

2.1.2. #rBMWF}E(Fold-and-Form Lining)

F IR CMEPE)BUR N (PPN AT EHr & “U” BB “C” T, AL & ANIHEE, H
PR E B EAE AR E B Y5 R BN A 2 AR T A R E K ERTIA 100 m), PWAE R
3~12mm, & T DN200-DN1600 1 E, JLHIGEA KEREERE.

2.1.3. BE&EE AR (Spray-on Lining)

A EBR R S R AN . BRI S R 18 N BE, O SR B I i B v 2 (R
5 2~8 mm) o %45 AR B W T RS B R (PTE R IR L R ), it TR TS, & AT DN50-DN1500
MEEEE, RHEERMEM. BRHEERARE9]. (LE 1)
2.1.4. ¥LHHE % (Mechanical Pipe Bursting)

SO IH B R, R R B (PE. NS RANEAL, HIEEERRIBEEY K
10%~30%. 1%+ ARiEH T DN300-DN2500 (BB ¥, BEFEELS B EIER, R iR, H
Jita TS J 3 AR B K

2.2. HARBDFFEXTEE

Table 1. Comparison of core characteristics of mainstream trenchless repair technologies

F 1. ERIFHZEEEARBOFERTEE

HRFEA EHERON)  BEEEmm)  ELEN PURttEeE  SRRECR HRIBIE R
CIPP P4 100~2000 6~20 Gk it it T
=Tk 200~1600 3~12 Ji R H i
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WHRIEE 50~1500 2~8 5l It 5 it
MU ik 300~2500 ¥ 3 e rp &% T &M e 55

2.3. S5EPFREXMARHRREIXTLE

2.3.1. HHES

RO TT I — 3 AN REIETHZER M 1A Ve R O F8 bR,  WIERNIEE . SRS SRR .
diPERE . [E BRI T A CIPP A A RIS 2 38 5k > 10 kKN/m?2, A ORI A 12~15.6 kKN/m?, 5 [ PrbritE(ASTM
F1216-2017) 3R —8;  H AT ¥JUE S =i R 7K 77(>0.6 MPa)2x S B KL 45 58 B F B 12%~30%

Wk m s amE . HLLE NI + BEERU %O T B EER#TTE H ANSYS. FLAC3D 47
B - DAHBEAERBR, ARSCRA ANSYS BRI 50 A0, 45 5 Som 8 T8 R 8 ) 8 b X (R ot B
K F70.7~0.9 MPa, A3y 0.8 MPa), U&iiF 1 BUE AR5 21 AT Sk o

THREHRG—: L “RIHMEERER . BIRIAEE W N EbR. B bR 7O L3 2 Sk
&, ASOETHEARER A RPECRA, RETIEE AR 30% A4, it LA %ER 50%L, F, 5
s “fl + @ WIEFRREE.

23.2. AR

TERFFUMEE pi 1, [ R T AASSCORARERE, 5 i i) TR S B 1) S 1] A v, SREEE DN400-DN1200 3%
— G EAE N AR RNERETE, ST ACE ETE . T X SN s, L TR TR,
T KERENETIA, Get HHN TR THRA MR S . 1M PRt 70 300 S AR B 0 S AR R
R, H SRR DN > 1500 mm R REE LA E . 550 Tl B EHEA, FUGI NN T fE.
B AR SR SRR, s LS A% ) SR T A A A e, HEBIAETTF 2 I BRI B R BT

TEHARN SO H, BN EEEP THBGHKEEBE, ROIZE%00E. RFESERT T
MBHEKE M RIT, FAREEME BT 3 250 B A H WL 3% % 77 0.3~0.6 MPa. 7KJ% 0.4~0.8 MPa /)L
[10]. FEBREFTEIIN S S R Z, AU RS T BUE I, IE i Rl U . DAV i a5y
PRATUIS, AR R SR N AT R EI R B B E R R . BHRE R R TR K EE T e, T
LS AR .

FERRMIE R T7 18] b, [ AT LUIE AR P RO N AZ L, Gl I % CIPP A B IR T L L E RS
WG AR RIS I 2T AESE IG5, B0 1 SCE AR R BE . P v R S OGRS bR, R TR
O RBENER R . B R RE MR R SN, &SR RN R BBERE
VIR T RR AR, WS INZK Si0, i S BEA kY, 7E 4 B0 Ttk B 1) 5] IR SHe i A= A5 PR R 2K
PRZE PRI B85 PR 858 R0 25 1 P [ 3R 7t o

ERER RAKHE B, E AT RENE GREFPKEEIRITZBE TREEAME) SFENRME, 18
P ¥ 5 B8 I A L P2 [ FE I R 2 AR BRI A AT CIPP P A (1 L T KG 45 9 75>1.5 MPa. [E Bf 72 0 LA
ASTM. ISO ZEE Bl it 5IFM s, M EBERE AR A, WER CIPP WAHERTX 10
SF J5 IR BE AR B AT 85%, By AA 28 08 v 5 4 A= iy S U e A

3. FFERERARNNFER M
3.1. NFEMRETR AR
Sty CRAHPKEE TR T M ORTE) (1115 (GRBHEKE AR e TREAMRE) [12],
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5 J1 5 3E N AEAZ PN T A
(1) FRRIEE: &MEETANELRILEE 1, BoRIEE G & EARIE>8 kN/m?;
(2) FLTORGEE SR : AT R N SR E M4 AR, CIPP N E3K>1.5 MPa, Biii B E E3K>0.8 MPa;
(3) PiERE: BEEELIEESMER THRPUFREE ), 24595 [<0.2 mm;
(4) ProbditkRE: SRS AT EE T, PR ERE>1.S kI/m?,
3.2. ZRHFEREMR
3.2.1. REEH
BEEL 4 FpFRWMAARMEE A 4E, BN E T % DN400/DN800. 3% 77 0.3/0.6 MPa. Hi 7K

77 0.4/0.8 MPa)it 47 /722 PERE TN o BlAF SR ECSE IR AR E AU B (IR E 1000 mm), B 5 IR B HE e
HI(CIPP WA FRYT 7 d, BHRIBEIRY 3 d) [13]. (W4 2)

Table 2. Parameters of test specimens

=2 R HEH

N R BEEHEAR E1%(DN) &5 J7 B (mm) JR I
T-1 CIPP A (M fIR) 400 10 Rt
T-2 #r & N4 (PE) 800 8 W
T-3 BHRE E CRENR) 400 5 Bk
T-4 HUB 1% (PE) 800 12 Rt

3.2.2. MBERS S

(1) FRRIEEDL R

ANRABARMEE G EERRIE RN ZR BE: CIPP NAHEE R (T-D)IARIEE A 15.6 kN/m?, 3§ 2 555
PHNEER . WU EE(T-4)FFRIEE 14.2kN/m2, Z5HIAMESCRIE S 318 M (T-2)B I 10.8 kN/m?,
EH T AR SEANE THL; BHRIE S (T-3)FNIEEAL 7.5 kKN/m?,  FRAC & Ho A b s it Al o

(2) FHiHIR 45 5 B It

CIPP WAt SR EE T/ i A kG 45 98 ik 1.8 MPa, &35 M TG E R (1.5 MPa), BIIREM G S5TR
B RERE S TR, BN S FUETRE 2508 % 0.6 MPa, EEARBIHLIE S1ER: BHs1EE 558
TE SR 2558 B 0.9 MPa, /& FLE S I 225K (0.8 MPa), (HAERI/KIE T & LRI B[ 14].

(3) Prrhd i REMR

WU E VA (PE BBt B IE 2.3 kI/m?, RIEA; CIPP WASHIFT 8 1.7 kI/m?, 22
K B NATPLPT R 1.6 kI/m?; BHREEHurboism AL 1.2 kI/m?, 7538 18 faf 252 5 X 4ok 7 v PR A A o

3.3. UERHSHT

FF ANSYS #VABE G B IE N SRR, B IR . R KR 3 EE R 4 R . AR AR
R YA HLTE Solides (IHEL/FiEk) . Shell181 (IEF/PE ), LHER A IRBUN LR RH K = 15
MPa/m), T 7K /3% 3545 g 4850 o

B 25 R ). CIPP WATE S 5 & T8 N A8 5], B KN B 75 3 TE (0.8 MPa), A4
BHIURI SR (1.2 MPa); WHRESE EEEEE AR /4R (1.5 MPa), 5 KAEFFEE: Bkl EVEE 2
Ja &GN I /NM0.5 MPa), SERaFaE . B N /KEJIM 0.4 MPa #4248 0.8 MPa, CIPP P4 5 i
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BT T R B RS R T 30%, T I s i 5 5 AL B
34. SKETHAEMERENREIIES T ETEHRNE)

SRR 25 500 5 2 4k RAETFI218 B8 18 S5 B PRE (A% 0, 7K (0.6 MPa) T 1 5 & A= 51 3 85 2%
o RTEEWR 0B, KGR 5 E B AR, WA FARR RO . SR 2 5 2
TR AT I8 B B E I 0, 7K E (0.6 MPa) 5 51 & FLH R B R 30 RIS A W e aie, 3
TG S A, R RN, EF 2B E RS R Moy “FEE - Mg )E - A
WIE” Z)JR2E A8, RBRTUZ SRR 8. RS R (DCBYB AL 1T, O SH R BRI
R G, NIRERT K LFHREKE a, SKEER TR HAZIE AR 0, 5KREE 51 KV
Tt ZE DRI W

2B RS RE T EE “JREE - G E - W E” ZBEEA4H, R &
Wizd i) i, i3 2, REERRIICR . BT R RE IR 1 AN i S UK B R S VP AN 8 AR, /K 2 X6 S i
FEAR IR A R N KBS 5L R VIR Ty, w3 S [RIHES) S B

K N SRR O B = . — IR AR ) 3 FREUR R KRR A 1 TR B
DI SRS A R R, VI A A ). RRREBICREEKER TR R, KIEM 0.4 MPa 1%
0.8 MPa, REEREMHEMEIERA 4 5, Mk BIRMHIG T REERE, MERSUEREY . ZRKiE
FEME A KD TFRNSWIR T HAER T, ARS8 R T B 20%~30%: A /K G450 5 kA
i, gl ARG BB, DR A B JI[15]. =N R IERLU AR . FImRLR
SATAE RN Sy R, SEBR N RTIE SRR S 3~5 4%, 248 73 2 ST e S 40 X B I e, A
SRFRYRE, FBOH KA

AFBEHEAREPURUGE I EF B3 : CIPP WATH AR T H SRS SRS, BRI, (L
TEK RIS 0.8 MPa I 74 H I BH 230 B AU s HUBR I ENE MR UK [, RSSO iR A BHER1E S LA B
Bt e, WIS, KRS 0.4 MPa Bl 5 2R3 1@ WANEIKEENIIR &, /KT T 5 IS # .

FEWIRIGIGUE T _EAYLIE: CIPP WATTE 0.8 MPa JKJE R RSG5 3R E5IA 1.6 MPa, J# & VG ER; w5
WABHEATE 0.6 MPa /KK NREEE5REEFE 42 0.6 MPa, (KT RIVEARHE. TRESCTERH, w7k R Tl RiAR i F
RYMWER B EBOR, RN PHEE SR A R RS B2 . R B Ot RG 5 PRt oo 50 4% 3 S5 it
TR R RE[16]

4. EFEZEEERNIIELRA R
4.1. BRfl—: EHEHBHKEE CIPP A EETRE
4.1.1. TTEHR

B 1879 DN800 VR &t L5, 1B/TH M 35 4, fAEMEEM. Bish @, EEMRE 6m, U NTEE
T, TERHAZEE.

4.12. FRERSHET

P H CIPP WAHME B HRCGREM e 8, JEE 12 mm), ML &iEER>CCTV Kl— 5 5
B — TR 7 5] — B AR — 0 0 2 d 7K R AR
4.1.3. HRMER

B8 5 EIERNI L 14.8kN/m?, FLHFEEE58 % 1.7 MPa, /KJEiRE%(0.6 MPa, 30 min) LB . 1817 1
G IRER IR, EIEVIREE<2 mm, RHEIUEM. R, J75rEaem S K HEK.
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4.2. RfI—: EEHTRBSEERBAFEETRR

4.2.1. TR
BTN DN600 AME, K 800 m, [F -3/ i ot 5 S0 BE B Ly (R A B 3 mm), B AILA
Bk 2R, W T F T,

4.2.2. BARERSHET
T B NAMEE B ARPE WAHE, JEE 8mm), i LAMAE: FiEEE->T A >SS —5
5l B AL — SR K -4 R A TR

4.2.3. MAMR

1B 5 BB HUR v RS B IR T, USRI (E /) 0.4 MPa, 24 h)y&#%, 418 14 AR 48 <1 mm,
KM R B 22 4o % TREME TR 15 K, BAEGIF2 1B E 465 60%, A K 30%.
43. BHI=: IMmEIVEXEERRIEETIE
4.3.1. TIEHR

B DN5S00 864485, (PR 2 R MAIR, 30 W T S A 30 0006 B (e KM TR P 15%), ANid & A
BE,
4.3.2. BARERSET

BRI ERAR(EE 6 mm), i THE: SFEER->BRFLHE SRR GRSELET -3
TSI
4.3.3. NBAXME

B4 G S BRI B 5e Afide, RS 7735 1.0 MPa, HUE e B AL T KAFHER . AR
S AN AR DU VR T 4D 7 PR A A B 2, it T AR CIPP A A BE A 40%.

5. BARNAPRIERES KRN

5.1. EE O]

(1) JHeE@ER AL 0 TREAEFEARERN S THAULR, waEE/KEXBRHABREE, &
FUE IR B BN,

(2) FE L EEHHTS: CIPP WATEILAEE] . T8 WA KA T 0S5 8, sem ks &S 5
IRRINEE s

3) KR M. BRI T, WABMELZ SR TR, B E .
5.2. HEALEEINL

(1) B/ ENEERA R R EE. IR, LR T). HFKEDESE, HlE AR R
K, B A A 00T R ROR s

(2) AT TZ: CIPP WA BUELHAR, ST 2 I8 At s Ak ks, i
RSB RN A

() WEABABEEMEL: TPk iR STE R SRR, =TI 2 RE . WRR B R AR
ININBRETHERG 57, K prop i S TH 2 1.5 k)/m? B L

(4) InsEpER: KA CCTV Rl + @ F Rl + AKIEuIs s el &, #iRE Rz 1%
PEREILAR -

DOI: 10.12677/hjce.2026.152024 57 T AT


https://doi.org/10.12677/hjce.2026.152024

ESY

6. ZiLE5RE
6.1. FELD

1) ERAFAIZEEHEAR I EN AR R EZES: CIPP WATHEIARZES S e Re s, FRNIEE ATk
12~25 kN/m?, SR 4E 98 EE>1.5 MPa, %@ B &G H &), 1&H T8 1% DN300-DN2000. 4M£<0.8
MPa IR RV TE ; MU E RS AR tE R, B &3 77>35 kKN/m, 1& 4 1% DN400-DN1600 ¥
T8 B 3 5 A A AR AN I W TR 3 O R IE 95% LA, {H R AN SRR R AL 55, PRI FEAY 5~10 kKN/m?,
HIEMH T RESEENY EIEE17].

2) IR )l VR AZ O SO TR R () B OC BR  IB AR MR B (B) T S I S (p) s 3BT
(05)~ HFAKE S (0)FHE R R E 558 0.32. 0.28. 0.21. 0.19, HAHh F/KE &8 0.1
MPa, SRS T 12%~15%, e mBUEEmIR 2 . 2T 2 0B, B SRS 2558 % (o)
WA 7=082E""p""(1-0.140,)+0.03 (R2=0.89, &HIJiE: E=2.5~8.0GPa, p=0.90~0.98, o,
= 0~0.6 MPa)

3) IRHIETERD) HIREH) KEP)PELIERA LS ERIERE:

© EMERAXCERCIEVES S, S>80 7 ASEIEA, 60<S5<80 NAlik, §<60 NAHERE)

CIPP WA HiAR: §=92-0.01D+0.03H —5P (&MHTEH: D=300~2000 mm, H=1.5~8.0m, P=0~0.8

MPa)
HUMHIE % S =88-0.02D+0.02H —3P (EHIVERE]: D=400~1600 mm, H=2.0~6.0m, P=0~0.6
MPa)

BIRIEEHAR: §=75-0.008D+0.01H -2P (GEHEHE: D=200~1200 mm, H=1.0~4.0m, P=0~0.4
MPa)
@ BEFRRERFERE(LE 3)

Table 3. Comparison of adaptation parameters and application scenarios for different pipeline repair technologies

3. TREERERRNBEESHRENAARI LR

paggon WESACGEI - SRRSAGEI - ARSICEIE s BT 5
CIPP A HEAR 300~2000 1.5~8.0 0~0.8 2 %%&fﬁf ’ ;ﬁﬁﬁg%i
HUB % 400~1600 2.0~6.0 0~0.6 étngim %ﬁﬁiféﬁﬁ%

BRI 200~1200 1.0~4.0 0~0.4 ﬁﬁéﬂﬁgﬁgﬁ ?gfzg%g

4) 3 AN TRERBIIGAE T 8 T AT FE4: DN1200 AR EE(H = 6.5 m, P = 0.7 MPa)>X H
CIPP WAHMEE J5, 15 MEREIEFRER 100%; DN800 HFEMHRE E(H = 3.2 m, P = 0.5 MPa)Z LU &5
B5, 88 3 FRAHTE; DN500 I EIHH=1.8m, P=0.3 MPaRHIBHRIEE, WMABLGE AR
1% 30%, FLi 2 ff R .

6.2. IRBE

ARRTHE—DIF UL NI T M TOLGAR . 5P W) M AR BRI # N, HgrRE &
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