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Cut-and-cover tunnel Summary

Tire-derived aggregate (TDA) This study numerically investigates the performance of tire-
Numerical analysis derived aggregate (TDA) as a backfill material for reducing the
Backfill material internal forces in cut-and-cover tunnels under static loading

Tunnel burial depth conditions at different burial depths.

Introduction

The design of underground structures, particularly tunnels, requires accurate evaluation of the internal
forces induced by static overburden pressures acting on the tunnel lining. The use of lightweight and flexible
materials such as TDA, produced from waste tires, has been considered as an innovative and effective
approach for reducing structural stresses. Due to its low unit weight, low stiffness modulus, and stress
absorption capacity, TDA can significantly improve the mechanical behavior of tunnels.

Methodology and Approaches

The performance of TDA in reducing internal forces under static loading conditions was investigated
numerically. The numerical model was validated using a previously studied cut-and-cover tunnel in China.
The tunnel was analyzed at three dimensionless burial depth ratios of h/a = 1.5, 2.5, and 3.5.

Results and Conclusions

The results indicated that increasing the burial depth led to higher shear forces and bending moments in the
tunnel lining. However, the rate of increase was considerably lower when TDA was used as the surrounding
backfill material. On average, the presence of TDA reduced the shear forces in tunnel components by 20—
57% and the bending moments by 15-35%, with the greatest reductions observed in the tunnel sidewalls.
Furthermore, the maximum vertical displacement increased in the presence of TDA, reflecting the reduced
effective stiffness of the surrounding soil. Overall, the use of TDA promoted a softer soil response, resulting
in stress redistribution and a significant reduction in the internal forces acting on the tunnel lining, although
it was accompanied by an increase in the overall deformation of the surrounding ground.
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