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Influence of Shotcrete on Structural Performance of Shotcrete Shell in Deep Tunnel
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Abstract: To investigate the impact of shotcrete constitutive models on the prediction of displacement and stress in shotcrete
shells of deep — buried tunnels, a two — dimensional finite element simulation was conducted based on the New Austrian
Tunneling Method (NATM). The study analyzed the differences in displacement and stress evolution predictions resulting from
various shotcrete models. The simulation results indicate that the linear elastic model may overestimate the shell’ s stiffness,
whereas models accounting for time — dependent characteristics better reflect actual conditions. The SCDP and Sch dlich models
exhibit similar results in short — term responses, while the Meschke model demonstrates higher rigidity; however, its creep
effect limits the stress state. By comparing the influence of different shotcrete models on the mechanical performance of shotcrete
shells, the study provides a more accurate predictive approach, contributing to the optimization of tunnel construction and design
and enhancing the safety and reliability of engineering projects.
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Fig. 1 Schematic of the benchmark problem and the
two — dimensional axisymmetric finite element model
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Table 1 Material parameters of the SCDP model

g/MPa /MPa /MR gMP oy EDARP AP IR [ fofl fulfe R B g 2D/ 62 236 28 /(N/mm)

®

5.95x10 77 2.6982x10 78 3.84x10 76 54.2x107¢ 0.21 7690 8.72 16.8 0.1 116 01 -0.0019 10 32 -0.03 -0.0015 -0.0007 0.1
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Table 2 Material parameters of the Meschke model
EQ)/MPa EZS/MPa v fiV/MPa f 38 /MPa [, /f  feb/feu  fiw/feu  m (h) e k, Taw  Atp/h tp/h 628 /(N/mm)
7 690 11580  0.21 8.72 16.8 0.1 1.16 0.1 16.1 -0.0019 1.0 32 6 8 0.1
%3 Schidlich R K)# R S8
Table 3 Material parameters of the Schidlich model
EDMP ECOM v g g g fOM SO DM [ fan o e e G D a2 G G N/m) 68)/(N/m)

cpu

760 1SS 020 0 4 120 &7 168 L6 01 01 01 01 -0.005 83 -0.03 -0.0005 -0.007 0.1 %
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Fig.2 Ground response curves calculated based on
the Hoek — Brown model
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Fig. 4 Evolution of circumferential stresses within the shotcrete shell
at different initial stress release rates

Fig. 6 Evolution of longitudinal stresses at different initial stress
release rates ignoring shotcrete shrinkage
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