FRE R 22 5 R 2] China Journal of Science and Technology, CJST FLE OFE2H 20254
Doi:doi.org/10.70693/cjst.v1i2.1038 Vol.1 No.2(2025)

R OKES FE B TE = R A RS 5 B2 ) SR e R e B A

XI5
RIS RER S = TREA R AR, Wil M, 313000

TEE . BEAE S R A S B 7 T R, = A e I o B s ) P A i DR 5 ) 22 4 S5 T A PR DG B . ASCBAJELT)
RBEIE N TR 5, B G AT I L 7772 BT K Z R RCRAR . BETTURBE e e S5 TR, i 72
HRET KA EEA & 4 ST AT 70 JZ R 6 R BB BOR - il R BAT B 85 YU s KR & 4,
BEFRT T POKER T2 58, S50 R RAE FNBE AR RS Bl 2 7% R G S AW s e 7457
B, AR T REEE BT PRI . TR RN, R EOR AT S = O W SR RS AR AL
FERIIE TR ST T 22%, IR TH 30%, 4TI 15%, ANRETRRM T EES%,

KR ) LR PUKRE S MRRIE S, Pl s, B R IE

Key Technologies and Applications for Construction Quality
Control of Triple-Layer Lining in Super-Large Span Tunnels

Tao Liu"

China Railway 16th Bureau Group 3rd Corporation Limited, Huzhou Zhejiang, China ,313000

Abstract: With the development of tunnel engineering toward super-large spans, the quality control of triple-layer lining
construction has become critical to ensuring structural safety and durability. Taking Xiamen Xiangdong Tunnel as a case
study, this paper addresses common quality issues in traditional secondary lining construction, such as low efficiency in
waterproof layer installation and concrete voids at arch crowns. Innovative technologies are proposed, including a
multi-functional waterproof membrane laying trolley and a novel stratified lining pouring system. The waterproof membrane
trolley, equipped with anti-slip mechanisms and cable management systems, significantly enhances construction safety and
efficiency (up to 22% improvement in workflow). The stratified pouring system integrates a window-by-window concrete
pouring system, a void prevention warning system, and steel-end-formwork positioning modules, effectively resolving
concrete segregation and arch crown voids. Engineering applications demonstrate that these innovations enable precise
quality control, achieving a 30% reduction in rework rates and shortening project timelines by 15%. This study provides
valuable insights for optimizing construction methodologies in similar large-span tunnel projects.
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Fig. 1 Construction Flow Chart of Third Lining for Super-large Span Tunnel
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(c) 3D Structure Diagram of Wire Take-up Box (d) 3D Structure Diagram of Adjusting Mechanism
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Fig. 2 Schematic Diagram of 3D Structure for Multi-functional Waterproof Board Lining Trolley
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Fig. 3 Operation of Multi-functional Lining Trolley in Tunnel Lining Waterproof Layer Construction
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Fig. 5 Adjustment of Pull-out Baffle Switch for Graded Sequential Window Feeding
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Fig. 6 Novel Anti-void Early Warning System for Layered Casting Trolley in Lining
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(a) Vault In-formwork Grouting (b) Connection of Liquid Level Relay Sensing Device and Alarm
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Fig. 7 Novel Vault In-formwork Grouting System for Layered Casting Trolley in Lining
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(a) Longitudinal Waterstop Positioning Fixture  (b) Steel End Formwork Module
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Fig. 8 Steel End Formwork and Longitudinal Waterstop Positioning Fixture Module System
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Fig. 9 Concrete Appearance Diagram of Third Lining after Form Remova
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Table 1 Comparison Table of Lining Construction Efficiency between Left and Right Tunnels
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(a) Data Analysis Diagram of Lining Thickness Detection in Left Tunnel
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(b) Data Analysis Diagram of Lining Thickness Detection in Right Tunnel
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Fig. 10 Detection Results of Lining Thickness
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Table 2 Comparison Chart of Thickness Qualified Rate for Various Parts of Lining in Left and Right Tunnels
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