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Figure 1 Damaged concrete drainage pipes and

resulting urban public safety incidents
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Table 1 Inspection results on the condition of underground

drainage pipelines in selected Chinese cities
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Figure 2 Pipeline environment schematic diagram
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Figure 3 Samples of pipeline disease damage
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Table 2 Commonly used fibers in fiber-reinforced cementitious mortar materials
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LY K /mm H&/mm /(g em™) PLPLHR E / MPa L PERE &/ GPa K2/ %
BN W 4 8~20 12 0.91~0.97 850 6.0 21
R I 2 Y 8~12 39 1.3 1 600 42.8 6~8
R 8~18 20~38 0.97 3 000 100 2~3
A 2T Y 6~15 100~ 1 000 7.8 350~3 000 210 2~4

it B 38 3 2T 4 5~20 13~15 2.4~2.76 2 000~4 000 70~ 80 2.0~3.5

AT 15~30 6~20 2.6~2.8 2 230~4 840 85.8~89.0 2.8~3.1

Tk 41 4 3~6 5~10 1.57~1.8 525~4 660 33~268 0.8~2.4
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Figure 5 Deformation and failure characteristics of

ECC materials under bending loads '’
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( Concrete Shield H-70) and its application site
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Table 3 Key technical parameters of high-performance composite cementitious spray mortar materials **!
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Figure 9 Working principle and equipment for centrifugal

spray of cement mortar in underground drainage pipelines
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Table 4 Fundamental properties of pipeline polymer spray repair materials
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Figure 10 Condition of steel pipe with polyurea

lining after cracking at the joint [**’
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Figure 11 Linings formed by polymer-based

materials on the inner wall of pipelines
PR R it B e o T o T B E AR R
JE .l oy T A BT 5 2 A R RO 2 RS T
Sk AN X R SRR N A M AT O AR | A
FYER A W ECA HURE HEAT BB oM L Aok ot
FORIC AT R e 28 KA B A A7 800 55 2 20 7 1

R aE Yz NG AR N R VA 0 S N T
P, B A BF IR ik 40 0K A8 T 48 0 R I LA ol 3% B T
PERE SRR S X S R M 0 S 4 T M R RE
B X R E B T R B | ) 2 R mlORR R e T A% 1
TTBC AL, R B T R 9 O G 5%
3.2 BITE

K& 431 AOBE AT 5 R P A 1 A2 It DRk
Ay B E T2 RO PR AE TS0 B T R
AECEH RS IR & 5 WA mR . Mk R
AW R AR T2, BT [R] R
ECHRA OB, HEMEESEHY R&EA
Il

23 ST R TR 406 5 A I Ak A AR
F OB O 55 10, BE S B IR R EIE k)=,
Mo R F AR RIEWA) GE N K, B
B SRR (29 50% ~60% ) , H1%E % % #0a] i 4t
E YNNI RO (RN R I AT T
U LR B TR A (10~ 30 MPa) ¥ 5} 3% 28 w5 |
Wi Al S s S S B R )Z . R T A



MK 2l (0 2 R

iz 255, FROR G W& 158 il T3
AR 18T T ARAE M, ELX 4 2 B 3 N
v, VR TR AL, MRS TR A B AT 23 O F X
(B 12(a)) 5AEFHFF AFTER (B 12(b) ) « Hl i
TR EHT AR ATHEARNRERS G J5H A5
PCRERE W 8 TN B Tk AR RN AR A
Ji@ RIS 3 3 e Dl /N A (Gl R 28 B FLAR 200 mm DU
) KR E T, HEEUR A ok S TR 4
2R AJR EAEE B SRR R A R, AR
UL S0 6k TR Y A TR B T A TR N R — Uit T 3k
R ECR S EAZE L W mE, AZT
ZIWEERE (RN EAL T 10 C) FRSH 43K, 1B
bW gl LRE H DT

C wAmRE
®) EFFETER
E12 HEELSHBRES
Figure 12 Airless spray equipment for pipelines
WU T AR R 4 IR MR K
W LR A br . HA, @ RGO 28 5 1
REAL S U 0, A OG5 4% © 92 B I 7 A 58 7 1
o AHECT KU HE BB, w85 23 1 4 Rk SRt T 33
FobE R SRR LGV ZOR T H A B R AL

¥

2

FEFEA R UL R 5 {91 W58 i T2 32 4 2 HIOue LA 5
PR oA 45, EL i = 8 BE AL TR MR I T B, it T
KA Fr itk — 2T

4 BIRTHEREX L RESNE

pusa(yd
[y

4.1 MegEXESEERR

KA 38 K YR D K Y BAR AR, T8
iy 2 E MR S W JF 3, A5 R b s g h 5
ECC MR 0 34 AE T i 2E P 55 o b i) 24 4% 2 ol B
7, W BRI AE T 5K 3% ~ 5% , 1] 45 3 A R R 48
P T FLBE I i L 15 3 R UHPC ST A5 A 0 R
JESWAR B S M & T8 BT BT A B
AR =15 R o o/ S A2 N = Rl T Rl A
B (20~27 MPa) (HBr 24K A8 (29 3% ) , BRI
TASIRE S 3E T R T R K S
Rt b g . REBR A B BA — 2 #)
P W7 2K R (B Tl 3k 480% ) |, fil i I 4 il —
SE ST | SR A 1) 22 490 M R 0 SR DR [
flople r 4 SR A |, 7R 4 T A a4 O O
K REAR R B, 38 A BB S kB R,

F 5 R KU FE M R K Ay T M RHE T RE
PONEAN

M2 5 AT, K U A A bR TR S A 2 4
Bt R A R 2R B8 1 BN ) A48 5 AOCR s o T R T
VENDIREZE , S B0 B i B 5, HUR )2 8, (0] ™ 5 4%
R4 00 1R+ SR B 0 A PR S B AR v R R JH K R
WERMIR 2 25 4 7R 48 0, 138 0 = 4 T M RHIE B I
TR KB, RSB L
T, 7K U8 56 A A 482 AR A (H AR U8 A 7 e HE T 3
B, AR B AT R K A R R A S ;
Oy F R R AN B ELUR 2 AR, B D

x5 KEEMBESSFHEMES HEEX L
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Figure 13 Barrier isolation mechanism
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Figure 15 Reinforcement mechanism of

composite structures
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A Review of In-situ Sprayed Lining Repair Technology for Structural Defects

in Concrete Drainage Pipeline Networks

DU Mingrui'*, LI Chenguang', YAO Xupei', FANG Hongyuan'’, LI Bin', ZHAO Peng’

(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China; 2. Yellow River Laboratory
(Henan) , Zhengzhou 450046, China; 3. Zhengzhou Anyuan Engineering Technology Co. , Ltd. , Zhengzhou 450047, China)

Abstract; Concrete pipelines in urban underground drainage networks are prone to structural defects such as leak-
age and cracking under combined chemical-biological corrosion and external loads, posing threats to public safety.
Traditional excavation-based repair methods have significant drawbacks, making trenchless in-situ sprayed lining re-
pair technology an important development direction. The damage mechanisms of concrete drainage pipes and the re-
search progress on spray repair materials were reviewed. Firstly, the damage evolution laws under multi-factor ac-
tions were analyzed and the performance requirements of repair materials for different types of damage was clarified.
Two major categories of spray repair materials, cement-based and polymer-based, were focused on. Cement-based
materials, through fiber toughening and microstructure optimization, exhibit excellent performance in structural re-
inforcement and crack control. Polymer-based materials, with their high elasticity, rapid curing, and superior cor-
rosion resistance, offer unique advantages in seepage prevention and deformation accommodation. Secondly, three
key mechanisms, barrier isolation, interface bonding with synergistic deformation, and composite structure en-
hancement, were further examined, demonstrating that the repair layer restored pipeline integrity and load-bearing
capacity through physical isolation, stress redistribution, and overall structural improvement. Finally, considering
trends in intelligent repair and green materials, it was proposed that repair materials should evolve toward green,
low carbon, self healing materials, intelligent construction upgrading, and multi performance synergistic design the-
ories, providing theoretical support and technical reference for enhancing the long-term safety operational level of
urban drainage networks.

Keywords: concrete drainage pipeline networks; cement-based materials; polymer-based materials; in-situ sprayed

lining; repair theory
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