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Abstract

This research addresses the structural crack management challenges of extra-large immersed tube
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tunnels under high traffic loads and complex hydrogeological conditions. Relying on the first im-
mersed tube tunnel project across a river in China, it pioneers a hierarchical management technol-
ogy system for structural cracks. By systematically integrating three modules: precise crack detec-
tion, leakage classification assessment, and differentiated treatment, it innovatively establishes a
quantitative matching mechanism of “leakage type-treatment measures-material combination”, break-
ing through the accuracy and long-term effectiveness limitations of traditional empirical mainte-
nance. The core methods include: developing a three-dimensional characterization and leakage clas-
sification technology based on national standards, focusing on the analysis of the causes of domi-
nant cracks in the top slab; constructing a differentiated treatment system of grouting and surface
sealing, optimizing material ratios and process parameters for precise treatment; and integrating
settlement control technology to significantly reduce the risk of crack recurrence. This system has
significantly improved the effectiveness of treatment and reduced the recurrence rate, forming a
standardized technical chain covering “detection-analysis-treatment-verification”. The core inno-
vation lies in establishing the first quantitative hierarchical management model for cracks in im-
mersed tube tunnels in China, breaking through the limitations of qualitative maintenance. The tech-
nical framework has been successfully applied in national-level major projects, promoting the up-
grading of industry standards and providing scientific support for the intelligent maintenance of
high-load river-crossing tunnels throughout their life cycle. In the future, research will be deepened
on artificial intelligence early warning systems and digital twin platforms to build a smart manage-
ment and maintenance ecosystem.

Keywords

Immersed Tube Tunnel, Structural Crack, Leakage and Seepage Disease, Crack Detection, Graded
Treatment

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

ttp://creativecommons.org/licenses/by/4.0/

1. 5|8
1.1. TRER

AR YR SR AHE (1 DA 18 A ] A8 FH U Vit T R KR R T R . 90 PSR P G1503 [
GEREALAE, R EER BT, 2 pb Tl AR =205 G1503 JLBIE IR ARTEAL « FEYTAE s R A L) )\ 4
. =L E R A B, Hh i Bl 7 1 E T (EL~ET) A, BRI E GINA 1 OMEGA
T8 (h7KAy 17K . BETE H 1999 4F 12 H T 467 T, 2003 4 6 H & il 4 .

BRERE RS, @ EPEE, o 2021 4F H @ TR 8.1 IR, 2022 IR E T P
BELBES, MoREMRBAIAREE, BRE®EITEE K, HI@EITE2 6.5 HiK; 2023 @17
sEETE, HIB@ETEL 7.3 TR, KRB E(SER) G ER 80%/ 4, /& g At X B s
VLV 2 ) B B A I AL it o

1.2. TiE#R

ZUUE B IEIZ S 8] i T RSB R EIRIA TR T sl Ll e &5 IR A, REE AT 44L&
R N TR S M RG A5REE . BIR/KEE IS . EBE W, Jo)5RIT 1 2 IREH 0 BEIE TS 45 K R 48 ) &
TAENE o

DOI: 10.12677/hjce.2025.149248 2311 07 N


https://doi.org/10.12677/hjce.2025.149248
http://creativecommons.org/licenses/by/4.0/

LZE3

AR TRERG 1 S BEIE R EE LB TR A OUHEAT R, SRR M. FERE. K. RETY
A, 0 HRZREE K G FE RO AR AEIATIR LN & . S APPSR, BT XA R SR 4% S8 T K I LR
IR ML PRI B T Tt

2. AR FGF*%
2.1. RERERKEN

211 BRAR

1) TRk LG I

(1) e E . ER . 5. K. 288008, xR RIss K 55 B A KB4 T IR I &8, &5
T I B = o R T AT R

(2) RBERIRAY, FIWR B Nas MRS,

(3) ZLEEAL B IKIE DA T 5

(4) TG R AR A a3 T x5 ) 1) 22 A 1 R P R B

2) BRI

BN E SR (MR E /K TRERERBONNE) (GB50208-2011)F 5% C et fr. HhF LR
IKEERFRUE WA 1o

Table 1. Definition of water leakage phenomena [1]
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Table 2. Types and distribution of water leakage
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Table 3. Construction scheme for structural crack and seepage treatment
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Figure 1. Grouting for leakage plugging by inclined holes
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Figure 2. Schematic diagram of treatment scheme for internal surface type 1 crack
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Figure 3. Schematic diagram of treatment scheme for internal surface type 2 crack
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Figure 4. Schematic diagram of treatment scheme for internal surface type 3 crack
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