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Local prototype failure test on staggered assembled segmental lining for
shield tunnel
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Abstract: In order to investigate the local failure characteristics of segmental lining for shield tunnel and
quantitatively evaluate the safety state of the structure, a local prototype test was carried out on a staggered
assembled segmental lining. The relationships between crack development, stress distribution and bolt internal
force to structural internal force and deformation, joint opening and dislocation were described in detail. The
failure mechanism of the structure was thus analyzed and the test results were verified by the numerical
calculated ones. The results show that the initial crack in the structure appears at the middle ring close to the
longitudinal joint of the adjacent ring, and develops into the main crack at final damage. The compression-flexure
failure occurs in the middle of the structure and the compressive shear failure occurs at both ends of the structure
when the axial compression ratio of control section remains constant and bending moment increases. There is no
damage to the joints, the joint opening is smaller but the dislocation is larger. The stress concentrations near the
hand hole are serious. The failure mechanism is found to be caused by cracking in the region where the stiffness
is relatively larger. In addition, the cracking results in the redistribution of the overall stiffness of the structure,
and subsequently the region with the greatest stiffness continues to crack, repeating the cycle until the structure is
damaged with excessive deformation. Moreover, the crack width, joint dislocation and vertical displacement of
control section can be taken as the evaluation indexes of structural safety.
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Fig.3 Testing principle for joint opening and dislocation
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Fig.4 Layout of the displacement gauging points
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Fig.5 Central angle of each part of the structure
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Fig.8 Test loading and structural internal force
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Table 2 Relationships between crack development with structural internal force and deformation
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