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Fig. 9 Displacement contours under 100mm tunnel
burial depth
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Study on the Deformation Characteristic Induced by Shallow Buried Tunnels in

Sandy Cobble Stratum Based on PIV Technology

DENG Feng!, WANG Jinshang >?, LIU Hongdao !, ZHANG Xingsheng 2>, WANG Shaokai >

(1. Luoyang Nongfa Yellow River Water Resources Construction and Development Co., Ltd., Luoyang 557104, China; 2.
North China University of Water Resources and Electric Power, Zhengzhou 450046, China; 3. School of Civil Engineering,
Zhengzhou University of Technology, Zhengzhou 450044, China)

Abstract: [ Objective] This study aims to examine the deformation mechanisms of the ground ahead of and above a
tunnel face induced by shallow tunneling in loose sandy cobble strata, and to assess how these deformations are influenced
by variations in burial depth. [Methods] This study reveals the controlling mechanism of tunnel burial depth on ground
deformation patterns based on the PIV technique. With increasing burial depth, the soil arching effect effectively suppresses
surface subsidence, which in turn leads to a steeper inclination of the major shear zone and a significant expansion of the
horizontal influence zone. These findings provide a predictive basis for assessing the extent of tunnel construction impact
and the risks to adjacent structures, offering both theoretical insights and practical value for optimizing support design and
safety control in tunnel engineering through sandy cobble strata. [Results] As tunnel excavation progresses through the
sandy cobble stratum, the induced displacement zone in the overlying strata expands progressively from the tunnel center to
the surroundings in a horn-shaped pattern. The magnitude of deformation decreases gradually from the center to the outside.
With increasing burial depth, ground subsidence in the vertical direction shows a decreasing trend, while the influence
range in the horizontal direction expands. [Conclusion] This study reveals the controlling mechanism of tunnel burial
depth on ground deformation patterns based on the PIV technique. The results demonstrate that with increasing burial depth,
the soil arching effect effectively suppresses surface settlement. This suppression consequently results in a steeper
inclination of the major shear zone and a significant expansion of its horizontal influence. The results provide a predictive
basis for assessing construction-induced impact zones and risks to adjacent structures, offering theoretical and practical
guidance for optimizing support design and safety protocols in sandy cobble strata.

Keywords: tunnel excavation; sandy cobble stratum; PIV-based model test; stratum deformation
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