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Abstract: This study explores the applicability of oblique bolt joints in small-diameter shield tunnel beam melting (TBM)
tunnels, clarifying their mechanical properties and damage mechanisms. A segment structure with an external diameter of 6.2 m

and a thickness of 350 mm was utilized as a prototype for conducting bending performance tests on steel fiber concrete segments

with oblique bolted joints under four different horizontal axial force conditions. The analysis focused on the deformation

characteristics and flexural performance of the segment joints across varying axial force levels, as well as the failure processes

and mechanical properties under failure conditions. The results showed that the higher the axial force on the segment joints,

the higher the joint stiffness, requiring larger bending moments to open the joint. In other words, the joint axial force can be

actively increased by increasing the bolt preload or by applying annular prestressing to improve the joint stiffness. Compression

of the sealing gasket under joint axial force results in stress concentrations within the sealing groove. Therefore, selecting an
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appropriate sealing gasket or optimizing the sealing groove structure is essential in the design process. The study also found
that enhancing the compressive strength of the top concrete and reducing the insertion angle of the oblique bolt significantly
improve joint bearing capacity. These findings provide valuable guidance for the design of segment joints.

Keywords: urban rail transit; shield TBM; segment joints; steel fiber concrete; bending performance tests; oblique bolt;

mechanical properties
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Figure 1  Structure of segment joints
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Table 1 Mechanical parameters of steel fiber concrete
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Figure 2 Loading device and method for segmental joint test
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Figure 3  Schematic diagram of the loading process
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Figure 10 Joint deformation under elastic conditions
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Figure 15 Relationship between bolt strain and bending
moment under failure conditions
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