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Project overview

 The conflict between the need to protect densely built-up areas in city centers and the 
disturbances caused by rail transit construction is becoming increasingly prominent.
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Displacement decomposition method
The key principles of the decomposition:

1 the continuity of longitudinal deformation;

2 the sinusoidal functional relationship between the rotation angle and 

the longitudinal distance to the cross point;

3 neglecting the longitudinal joint deformation.

Flowchart of the Displacement Decomposition Method
Displacement decomposition

Calculation Steps
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Displacement decomposition results

Settlement at the bottom of the lining ring

Vertical displacement is the primary factor influencing lining ring behavior, increasing linearly with crossing angle while the affected zone decreases 

nonlinearly. During undercrossing, vertical settlement exhibits an initial rapid increase followed by gradual recovery due to construction measures such as 

grouting. 

The maximum lining ring rotation angle occurs during 90° undercrossing and decreases nonlinearly with smaller crossing angles. Spatially, the rotation 

angle first increases and then decreases with distance from the crossing center; temporally, it follows a pattern of initial increase followed by gradual reduction.

Lining Ring Corner
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Displacement decomposition results

Lining Ring Ellipticity

Ellipticity increases with crossing angle but decreases with distance from the crossing center. Two temporal patterns were observed: under small 

crossing angles, ellipticity increases rapidly then fluctuates significantly during stabilization; under large crossing angles, it increases sharply then stabilizes with 

minor fluctuations. Additionally, the major axis of elliptical deformation consistently points toward the excavation face of the new tunnel.
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Related research - three-dimensional detailed model 

Three-dimensional high-precision 
numerical model

Disturbance Patterns Through Pile 
FoundationsDeformation Patterns of Existing 

Lines Crossing Building Complexes

Deformation Patterns and 
Mechanisms Induced by Crossing in 

Existing Lines

Impact of Formation 
Reinforcement

The isolation effect of pile 
foundations

The Shenzhen Metro Line 11 project established a three-dimensional detailed model considering the entire shield tunneling process. By integrating construction-phase monitoring data, it 

revealed the spatiotemporal distribution patterns of settlement and structural deformation induced by shield tunneling through complex geological strata, dense clusters of piles, dense clusters of 

old residential buildings, and existing rail lines. A displacement monitoring decomposition model was proposed to elucidate the mechanisms and patterns of ring-to-ring misalignment, ring 

rotation, and intra-ring ellipticity induced by construction. For isolation piles and grouting reinforcement techniques, the isolation effect of pile foundations and the deformation control 

range of soil reinforcement were clarified.
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Related research-National Natural Science Foundation of China

Multi-Structure Load-Failure Mechanism 
of Lining Structures

Disaster Prevention and Control Technology for 
Corrugated Steel Tunnel Structures

Multi-stage load-
damage evolution

Research conducted under major projects of the National Natural Science Foundation of China has revealed the multi-stage load-

bearing mechanisms and failure characteristics of shield lining structures under joint opening and large deformations. This work has 

developed rapid reinforcement techniques using corrugated steel and fiber-reinforced concrete-based technologies to enhance lining 

toughness, thereby improving the structure's rapid response capability during catastrophic events.
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