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Impact loading Summary

Numerical modeling Underground structures have been the main structures to provide shelter to

Soil protective layers vital infrastructure and protect other resources. Underground structures

ngerground Spaces include urban tunnels, strategic centers, underground facilities and military
aqus complexes. Structural instability is the single major threat to these structures

that is caused by impulsive loads applied via different load paths as a seismic or impact load. This loading in turn has
drawn a great amount of focus during the last couple of decades that should be considered in the design and
construction of blast resistant underground structures.

Introduction

Nowadays, the importance of using underground structures to protect vital and sensitive national infrastructure such
as urban train tunnels, strategic item storage centers, urban underground facilities, shelters, as well as military uses is
not hidden from anyone. One of the most important loads in terms of intensity and time on these underground
structures is seismic loading.

Methodology and Approaches

Finite element modeling and analysis were performed using the commercial software package ABAQUS. The package
was selected due to its diverse library of material behavior models and ease of explicit/implicit solution procedures. In
this paper, seismic or impact load on underground structures is numerically modeled using the coupled-Eulerian-
Lagrangian (CEL) method in the ABAQUS software. In this regard, modeling of single-layer, two-layer and three-
layer soil arrangements, as well as a combination of soil and rock layers, has been carried out using the ABAQUS
finite element software.

Results and Conclusions

The maximum pressure due to seismic or impact load has been compared in different models. Comparison of the
results of the models in this study shows that the arrangement of the soil layers is effective in reducing the maximum
pressure due to the impact load so that the maximum amount of shock wave damping is achieved when the rock layer
with the highest degree of weathering, or sandy soil (similar to type 2 soil in Regulation TM5-855) is in the closest
position to the desired underground space.
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