H4TH B2 # L T B ¥ ik Vol47 No.12
2025 4 12 H Chinese Journal of Geotechnical Engineering Dec. 2025

DOI: 10.11779/CJGE20240664

SAEER TRALHEISR BN TR

SHAIL, Bk L2, REFT, A OB, AR N2, XBER L2
Cl. BT BT B PR A F], TAIRE FB 450003 2. /KRB BT RIOKIA B 5K 22 A H T seih = (), Wl A 4500035
3. K TR SRS EE S = GRS, 1k i 430072)

B O R E T ARG I RGN ARINS A, 2 00 BRI AT Th B R M N2 — . GIAER
IR EERARESHA R, oAt ABAQUS W B H U )- B A S2 i, WHTCEESE 1 v IS RS IR TR B T A 2
TR DI-TFRINTT e 320, WS ERR G Je TR M I B AT 1T 07 5B, IR R T8 AR S W 5 A4
EHS . SRR IRBE AT RIFE R A KIS, AR RAAETTR, HREENM LI B IRSE; (R TE R
TREBUEIES, AN AMEEIZE S22 T, BA O AR KRR A, 55 N 70 72 B A I e vh R B 22
15 3R — 3G N —SURI N BE— 4R RFBUIME A ORE . JEEA B TR 5 AR I BT 77 ik T SR R B AR — 2
(EAE 5 EAR T A REE IS SR R ILTENS . JUR BN T RARESE T 715, BN BT ITE TR Lk

FAE.
KHEIR: U RREIE VREELATR: BRI RERRE: PKINE
hESES: TU4S2 XHRFRIRAD: A XEHS: 1000-4548(2025)12-2517-11

TEHE N : &R (1992— O, 5, )5, EEMNEA T TREEUE VS 7 T AT 78 TAE . E-mail: jinjunchao@whu.edu.cn.

Seepage-stress-cracking analysis of concrete lining under high internal pressure
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Abstract: Internal water leakage induced by concrete lining cracking under high internal pressure is a frequent challenge in the
operation of pressure tunnels. This paper develops a novel seepage-stress-cracking analysis method of concrete lining under
high internal pressure. The cohesive element is adopted to model the discontinuous propagation of cracks within the lining.
Additionally, the built-in contact simulation in the software ABAQUS is improved to represent the interface between the lining
and surrounding rock. Furthermore, the model is validated by comparison with physical model experiment and engineering
monitoring data. Finally, compared with the results of the traditional continuum method, a systematic analysis of the
characteristics of the continuum/discontinuous analysis methods is carried out. The results indicate that under high internal
pressure, cracking in the concrete lining is inevitable, and the cracks is distributed in a sparse and infrequent pattern. Once
stable seepage channels form at the cracks, the pressure difference between the inner and outer walls of the lining decreases
rapidly, with the surrounding rock becoming the main body bearing of the hydraulic load. The steel reinforcement stress
exhibits a progression of slowly increasing, rapidly rising, sharply descending, and then maintaining a low value throughout the
loading process. The overall trends from the continuous analysis model and the discontinuous analysis method are consistent;
however, when precise description of the crack propagation process is required, the seepage-stress-cracking discontinuous
analysis method must be used, as the continuous medium analysis method cannot simulate the above characteristics.
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Fig. 2 Seepage characteristics of cohesive element
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Fig. 5 Comparison of cracking characteristics of cohesive element under different elastic modulus values
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