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Fig.1 Preparation and installation process of the CIPP liner
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3 PHINETEEEHABSE

3.1 SNEF

1E N FEARHF 0.4 MPa 251F F, AEAMNESEHI RS
CIPP &5 7l J5 % FLANE N BER. ) = a1 8 BTl
BRI, E A BE R KN ) AT T fLEk e b
Nih%. MESNEH 0.05 MPa 1 K% 0.35 MPa,
KN SIS TR, FIRZ) 4.4%, FERMT4
J 38 KA A0 P 90 R Z2 k0N, AT FERAER P9 R 51 AR )
MBI S, AR ZEFLIA AT R B S A X 3k

CIPP 185 J5, 2 FLIX 38 . 77 Y6 B . 46 7
Bf#& 4N 0.05 MPa #9°K % 0.35 MPa, 185 Ja
KIS THAE RT3 79 P 50.0%- 37.8%- 25.2% 71
12.1%, FRIASNER K CIPP 185 1IN 1 IR

RIBEETS » X TAMNER S ENE S5 CIPP K
(052 JPIRAS R AEAR 4K, SR DX I3 ) 407 28 23 4HL 0
Wag, TS B A BRI

Bl 9 4 TANFESMNE NE AL AN ST
Von Mises M. Jj 504 1501, LA FIEEL
S R T AMA S, HIEAE 32 47T 90°F1 270°
. BEFEANER I, AMAFIEEHZ) 21 MPa 385
40 MPa, Tfi 0 FHIE(E B A 4ERF/E 70 MPa /£ 45,
Ui B AR SN0 22 FLAN R 77 1R 5 i B B I o &
Hm, WiLFEAEEEL) 62 MPa, & HJEIH &
W BEESNESE N, PR A T, A
WRN ST 2R, KW CIPP AT S 55k X 35
FREIFERE T AT B AN E 5 YA 2 8] B T T



(a) BE |1

31,

> 25!
191

‘ 12,
" 6 !
0 1

1

(b) 525
8 AESNET CIPP ZERIEFANENEN N ZE

Fig.8 Stress contours of the inner wall of the perforated steel pipe before and after CIPP rehabilitation under
different external pressures
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Fig.9 Stress distributions along the inner and outer boundaries of the perforation before and after CIPP
rehabilitation under different external pressures
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Fig.12 Stress contours of the inner wall of the perforated steel pipe before and after CIPP rehabilitation with
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Fig.16 Stress contours of the inner wall of the perforated steel pipe before and after CIPP rehabilitation with
different CIPP elastic moduli
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Fig.17 Stress distributions along the inner and outer boundaries of the perforation before and after CIPP
rehabilitation with different CIPP elastic moduli
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Bearing Characteristics of CIPP-Lined Corroded Perforated Water Supply Steel

Pipes under Combined Internal and External Pressure

Xu Junsong!, Li Bin%, Li Pengju?®, Zhang Jiajia'

(1. The Second Construction Co., Ltd. of China Construction Seventh Engineering Division, Kunshan 215310, China;
2. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China)

Abstract: [Objective] The mechanical bearing behavior of perforated corroded water supply steel pipes rehabilitated
with Cured-in-Place Pipe (CIPP) under combined internal and external pressures was investigated through full-scale
experiments and finite element analysis. [Methods] Full-scale mechanical loading tests were carried out on CIPP-repaired
corroded steel pipes. A three-dimensional finite element model considering the bonding behavior at the steel pipe—liner
interface was established and validated using the experimental results. The effects of external pressure, pipe diameter,
perforation radius, CIPP thickness, and elastic modulus on the stress response of the composite structure were then
investigated. [Results] The results show that CIPP rehabilitation effectively alleviates stress concentration around the
perforation and enables cooperative load bearing between the steel pipe and the liner. Within the investigated range,
increasing the external pressure enhanced the deformation compatibility between the steel pipe and the liner, while the
maximum stress reduction of the steel pipe decreased from 50.0% to 12.1%. As the pipe diameter increased, the maximum
stress reduction decreased from 42.4% to 23.7%, indicating a weakened rehabilitation effect. In contrast, increasing the
perforation radius enabled the liner to carry more bridging load, and the maximum stress reduction increased from 25.9% to
44.6%. Increasing the CIPP thickness effectively reduced the stress level in the liner, whereas increasing the elastic modulus
provided only limited improvement in the stress state of the steel pipe. [ Conclusion] The results provide a theoretical
basis for the structural design and engineering application of CIPP rehabilitation for corroded water supply steel pipes.
Keywords: corroded steel pipe; perforation defect; CIPP rehabilitation; combined internal and external pressure; mechanical

bearing characteristics; FE analysis



