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Model test study of the face stability of the shallow tunnel in the clay
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Abstract: In order to study the development of the tunnel face instability in the clay under different conditions of
reinforcements, by using of symmetry, half of the tunnel model was introduced to conduct three tests for no
reinforcement, pipe-shed reinforcement and “pipe-shed + cemented soil” reinforcement. Support pressure on the
excavation face, ground deformation and the instability mode of the tunnel face were investigated. It was found that
the surface settlement decreased remarkably after the pipe-shed reinforcement, while the effect of the cemented soil
reinforcement on the reduction of the settlement was limited. With the increase in the face displacement, the
support pressure appeared three stages i. e. the rapid decline stage, steady stage and disappearing stage. During the
process of the tunnel face instability, the soil deformation appeared three regions, i. e. the main deformation areas,
secondary deformation areas and the extended areas. The pipe-shed reinforcement or “pipe-shed + cemented soil”
reinforcement can delay the development of soil deformation toward the surface, and the latter can also reduce the
value and scope of the soil deformation near the excavation face and the support pressure of the excavation face.

Key words: excavation face instability; model test; surface settlement; pipe-shed reinforcement; soil deformation
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Tab. 1 Design of the model test scheme
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Fig. 1 Setup of tunnel model
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Tab. 2 Parameters of clay in tests
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Fig. 5 Support pressure-displacement curve of tunnel face
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Fig. 6 The longitudinal settlement groove of the central axis

of the tunnel at the end of the tests
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Fig. 7 The division of deformation areas for different conditions of the reinforcements(a No reinforcement b The pipe-shed

reinforcement ¢ The “pipe-shed + cemented soil” reinforcement)
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Fig. 8 The displacement increment for different face displacement and different conditions of the reinforcements

(a No reinforce-ment, b The pipe-shed reinforcement, ¢ The “pipe-shed + cemented soil” reinforcement)
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