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Fig.1 Layout and construction site of the drainage corridors
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Tab.1 Technical parameters of the TBM
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Fig. 2 Spatial positional relationship of the outer shield during TBM

curve tunneling
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Fig.3 Variation of the minimum turning radius with the
shield adjustment
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Fig. 4 Relation between relevant parameters at a minimum turning

radius of 30 m
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Fig. 5 Basic structure of supporting boot auxiliary tooling
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Fig. 6 Schematic diagram of force on gripper shoe body
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Fig. 7 Micro-contact schematic diagram of boots and surrounding

rock
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Fig.9 Comprehensive stress of the coupled contact model between the tooling shoe body and surrounding rock at a fitting angle of 20° (full

contact of class I surrounding rock)
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Fig. 11 Contour plot of the comprehensive displacement
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distribution and on-site condition for coupled contact model of tooling
shoe body and surrounding rock at a fitting angle of 20° (full contact

of class | surrounding rock)
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Tab.2 Comprehensive stress under different fitting angles
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Fig. 12 Comprehensive stress between the shoe body and

surrounding rock versus fitting angle
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Tab.3 Normal contact stress under different fitting angles
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Tab.4 Comprehensive displacement under different fitting angles
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Fig. 14 Variation of the maximum comprehensive displacement

between the shoe body and surrounding rock with fitting angle
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Analysis of coupling characteristics between the supporting boot auxiliary
tooling and surrounding rock of TBM under gradual section condition

MA Xiuquan MIAO Chong XIE Miao WANG Haonan
(School of Mechanical Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: [Objective] Aiming at the problems including insufficient research on auxiliary supporting equipment under the
new working condition of variable cross-section, and the failure of existing tunnel boring machine (TBM) supporting and
propelling mechanisms to meet the operational requirements of such new conditions, the contact mechanical behavior between
shoe auxiliary equipment and surrounding rock was analyzed, and the mechanical parameters such as comprehensive stress and
comprehensive displacement of the contact zone were obtained to evaluate the stability of tooling and the overall tunneling
efficiency of TBM, providing a reference for the design of engineering equipment. [Methods] Firstly, coupled contact models
between shoe auxiliary tooling and surrounding rock under various supporting states were established based on the
construction condition of the drainage gallery with variable cross-section at the Jinyun pumped storage power station in
Zhejiang province. Secondly, the influences of tooling elongation, fitting angle between tooling shoe body and surrounding
rock, contact area between tooling shoe body and surrounding rock surface, and different rock types on coupled mechanical
characteristics were investigated. Finally, distribution diagrams of comprehensive stress, normal contact stress and
comprehensive displacement on the contact surface between auxiliary tooling shoe body and surrounding rock were plotted,
and a comparative analysis of contact-coupled mechanical characteristics between shoe auxiliary tooling shoe body and
surrounding rock under different supporting states and working conditions was carried out. [Results] The results show that the
distributions of comprehensive stress and normal contact stress are uneven with obvious abrupt changes when the tooling shoe
body is in full contact with surrounding rock. The maximum comprehensive displacement between the two surfaces rises with
the increase of the fitting angle. When the shoe body only contacts surrounding rock at the middle region, the corresponding
values of comprehensive stress, normal contact stress and maximum comprehensive displacement of surrounding rock are all
larger than those under full contact. With identical coupled contact parameters, the maximum comprehensive stress borne by
type | surrounding rock is higher than that of type II and type Il surrounding rock, while its maximum comprehensive
displacement is lower. The main concentration zones of comprehensive stress and comprehensive displacement of type I and
type Il surrounding rock are wider than those of type I surrounding rock, which indicates that soft rock is more prone to
yield failure and sliding deformation.

Key words: Gradient section condition; Auxiliary tooling for supporting boots; Rigid-flexible coupling; Contact
characteristic; Surrounding rock deformation

Corresponding author: MIAO Chong, E-mail: 1484224355@qq.com

Fund: National Natural Science Foundation of China (51874158); Key Tackling Project of Liaoning Provincial
Department of Education (LJ2019Z1L003)

Received: 2024-11-05 Revised: 2024-11-22 (. x| &)



