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Modelling and Numerical Analysis of the Dynamic

Response of Soft Rock Tunnels
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(1. Sichuan Traffic Construction Group Co. , Ltd. Chengdu 610041, China ;2. Sichuan Lushi
Expressway Co. , Ltd. , Ganzi 626100, China ; 3. School of Civil Engineering, Southwest
Jiaotong University, Chengdu 610031, China)

[ Abstract] To investigate the deformation characteristics of tunnels under impact and blast loads, A combination of model testing
and numerical simulation was proposed to analyze the damage behavior and patterns under various dynamic loading conditions. The
Hailuogou Tunnel was studied, and a combination of model testing and numerical simulation was utilized. Initially, an impact test was
performed on the scaled-down physical tunnel model. Subsequently, numerical analysis of the tunnel model was conducted and veri-
fied. Then, a comparison was made between the tunnel deformation results of the scaled model and the prototype model under impact
load. Finally, the effect of blasting load on the deformation of the prototype tunnel was analyzed. The results indicated that the pro-
posed method accurately reflected the actual impact load’s effect on tunnel deformation. Additionally, the numerical analysis results of
the scaled tunnel model closely matched the test results. Moreover, the deformation of the top of the prototype tunnel under the impact
load was approximately 10 times greater than that of the scaled tunnel model, and it aligned well with the deformation caused by a blas-
ting load equivalent to 500 kg of TNT. The impact load effectively simulated damage to the tunnel vault. Increasing the depth of cover
and reducing the impact load represented effective measures to mitigate significant tunnel damage. The challenges of on-site testing dur-
ing surface blasting are surmounted by this study’s findings. Additionally, a cost-effective, safe, and dependable testing approach is
furnished for analyzing the destructive behaviors and modes of tunnels under various dynamic loads. Furthermore, technical support is
offered for the safe and economical design of tunnels with optimized blasting loads.
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Fig. 1 Raw materials for sample preparation
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Fig. 2 Specimen failure mode and stress-strain curve
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Fig. 3 Schematic diagram of the physical model of the tunnel
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