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Bearing mechanism of circular hydraulic tunnel grouting

prestressed lining structure
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Abstract: A power series analytical solution based on complex variable functions is proposed for the calculation
of the stress field and thickness design of the grouting prestressed lining of circular hydraulic tunnel. This
method establishes the contact relationship and stress boundary conditions between the surrounding rock and the

lining, and solves the potential functions of both to achieve precise calculation of the stress at any position. The
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calculation model can comprehensively consider the influence of the in-situ stress field, the timing of lining
support, internal and external water pressure, grouting pressure, and the shape and mechanical parameters of
the surrounding rock and lining on the bearing system. To achieve the optimal design of the lining thickness, a
mapping relationship between the lining thickness and the extreme value of the circumferential normal stress at
the inner boundary is further established, which can solve the optimal lining thickness that meets the structural
safety requirements under operating and maintenance conditions. The formula derivation and example studies
show that: Under the condition without grouting, timely support can produce a pre-compression effect on the
lining, and its effect depends on geological conditions, support timing and support system parameters. This
factor cannot be ignored in the analysis of maintenance conditions; The core mechanism of grouting pre-
compression is to increase the load-sharing ratio of the surrounding rock. The better the quality of the
surrounding rock, the greater the potential of grouting pre-compression; When tensile stress is defined as
positive and compressive stress as negative, the maximum circumferential normal stress of the lining is located
in the direction of the minimum in-situ stress. Under operating conditions, it does not monotonically increase
with the lining thickness. The minimum value is located in the direction of the maximum in-situ stress and
monotonically increases with the lining thickness under maintenance conditions. Combining the two can
determine the optimal thickness.

Keywords: circular hydraulic tunnel; prestressed lining; grouting pressure; internal and external water

pressure; theory of complex functions
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Fig.1 Schematic diagram of grouting prestressed lining
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