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Tunnel Summary

Underground space This study investigates the effects of explosive loadings on
E;E'OS'VG loading underground tunnels using numerical simulation. Explosive loads

are highly non-linear and complex, posing serious risks to
structures, especially in the context of terrorist attacks and
accidental explosions. By employing smoothed particle
hydrodynamics (SPH) method, the behavior of tunnels subjected to TNT charges of 500, 1000, and 5000
kg at depths of 10, 15, and 20 meters is analyzed. The results show a direct correlation between explosive
mass and structural damage, and an inverse correlation with explosion depth. Recommendations are made
for tunnel depth optimization, soil property enhancement, and structural design improvements to mitigate
blast effects.

ANSYS Autodyn
Numerical simulation

Introduction

Structures must be designed to withstand dynamic loads, including blast events from intentional or
accidental sources. In recent years, explosions—whether caused by terrorism or industrial accidents—have
caused extensive damage to critical infrastructures. Even small explosive charges, if placed in vulnerable
locations, can lead to structural collapse.

Underground tunnels, such as subway systems and utility corridors, are widely used and often carry critical
services. Their buried nature offers some protection, but they remain vulnerable to shock waves from
surface and subsurface explosions. Understanding their behavior under such conditions is vital for public
safety and infrastructure resilience. With advances in computer modeling, simulations now provide accurate
and cost-effective insights into these complex issues.

Methodology and Approaches

A meshless smoothed particle hydrodynamics (SPH) approach was used to simulate explosive loading on
an underground tunnel. Explosions involving 500, 1000, and 5000 kg of TNT were modeled at depths of
10, 15, and 20 meters. The models included soil-tunnel interactions and appropriate material properties,
including damping and viscoelastic behavior.

The simulations yielded data on pressure distribution, von Mises stress, and displacement under various

scenarios. These results were then compared to identify trends related to explosive weight and detonation
depth.
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Results and Conclusions

The analysis of the results in this study revealed that increased explosive weight significantly elevated stress
and displacement levels in the studied tunnel. However, deeper burial of the explosion reduced these effects.
The crown of the tunnel consistently experienced higher stress—up to three times more—compared to the

base.

Enhancing soil properties and optimizing tunnel depth contributed to reducing the blast impact. Overall,
the study confirms the effectiveness of the SPH simulations for evaluating the tunnel performance under
explosive loads, and offers practical recommendations for blast-resistant design.




