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Fig.1: Characteristics of the modeled buried space [4]
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Fig.2: Rock stress-strain diagram [4]
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Table 1: Rock specifications [4]
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Table 2: Concrete specifications [4]
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Fig. 3: Stress and strain diagram of concrete in compression and tension [4]
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Fig 4: TNT equivalent to a sphere (right figure), shock load wave pressure-time diagram in ABAQUS
software (left figure) [15]
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Table 3: Specifications of TNT [4, 17]
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Fig. 5: Placement of TNT in the buried space (right figure) space assembled in ABAQUS software (left figure)
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Fig. 6: Diagram of tunnel crown change in lining
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Fig. 7: Comparison of graphs of length graphs - change of location of tunnel crown in lining in article [3] and
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Table 4: Characteristics of rocks modeled in ABAQUS software [18]
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Fig. 8: Specifications of the dimensions of the buried space modeled in the ABAQUS software [19]
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Fig. 9: The underground space modeled in ABAQUS software at a depth of 30 meters
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Fig. 10: The contour of the pressure on the buried space at the time of the maximum pressure resulting from the
impact load
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Fig. 11: Modeling of single-layer rock with a surface impact load of 2000 kg in ABAQUS software
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Fig. 12: Contour of pressure on single-layer rock for 2000 kg surface impact load for 30 meters depth
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Fig. 13: Comparison of the maximum pressure for 3 conditions of 30 m single-layer rock
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Fig. 14: Modeling of two-layer rock with a surface impact load of 2000 kg in ABAQUS software
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Fig. 15: Comparison of the maximum pressure for 6 types of rock with two layers arrangement
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Fig. 16: Three-layer rock modeling with a surface impact load of 2000 kg in ABAQUS software
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Fig. 17: Comparison of maximum pressure for 6 types of rock with three layer arrangement
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Fig. 18: Three-layer stone arrangement L-M-H with a thickness of 5m-10m-15m
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Fig. 19: Three-layer stone arrangement H-M-L with a thickness of 15m-10m-5m
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Fig. 20: Comparison of the maximum pressure for the H-M-L and L-M-H arrangement for a depth of 30 meters
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ABSTRACT
Today, the use of buried spaces to protect sensitive facilities and equipment is not hidden from anyone. Buried

safe spaces, especially tunnels, are used to create warehouses, maintain defense and military equipment, and also
store some special materials and equipment. In addition, it is common to use these spaces as tunnels for urban
services such as water transmission lines, telecommunications, energy, etc. Ensuring the security of these spaces
against surface loads is one of the most important things in their construction and design. Buried spaces are
exposed to various loadings, one of which is surface impact loading caused by explosion. In this article, impact
loading in buried environments is numerically modeled using the Eulerian-Lagrangian (CEL) method in the
ABAQUS software environment. For this purpose, using single-layer, double-layer and three-layer stone
arrangement, the maximum pressure caused by impact load has been investigated in different models. According
to the simulation results in this research, the highest amount of shock wave damping was obtained when the rock
layer with the highest degree of weathering (porous rock) is located in the closest position to the buried space.
Based on this, the safe depth of the modeled buried space was found to be about 12 meters for weak or porous
rock, about 14 meters for medium rock, and about 18 meters for strong or pristine rock. Also, based on the
results, the amount of transfer stress from weak rock to strong rock increases and the amount of stress from
strong rock to weak rock decreases.
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Impact load, Numerical modelling, Protective layers, Optimization, Buried space
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