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Soil layering Summary

Explosion Perceiving the behavior of soil under explosion loads is of a great importance
Damping to the geotechnical, mining and passive defense engineers. When soil is

Buried structures
Isfahan subway tunnel
Soil

subjected to explosion loads and the issue of the explosives-soil-structure is
posed, soil exhibits a complicated behavior. The present research tries to
investigate the effect of the soil layering type and constituent materials on the
damping of the tensions stemming from the explosion, the influence of the variations on the explosion center distances
to the tunnels on the ground surface as well as the changes in the weight of the explosives depending on the bomb type
in all of the states. In a case-specific manner, the present research models and studies Isfahan subway tunnel in Soffeh-
Azadi route. The Soil constituent materials are alluvial, sandstone as well as a combination of alluvial-sandstone
layers. The modeling and analysis have been carried out by means of finite difference FLAC software. Mohr-Coulomb
is the behavioral model used here. In order to investigate the effect of the surface explosion dynamic load on Isfahan
subway tunnel, a given cross-section of the tunnel path has been modeled subject to the explosion dynamic load. Based
on the analyses, the impact of the GP bombs in 100 to 2000 classes can each cause serious damages to the subsurface
structures depending on the explosives weight ratios. Considering the analyses, the sandstone-made soil layers feature
more damping properties in contrast to the one comprised of alluvial layers. Tunnel buried in alluvial soil can only
tolerate surface explosion load originating from 56kg TNT whereas the explosion load stemming from 165kg TNT can
be also withstood by buried tunnel in its sandstone layer, as well. Investigating the effects exerted by the explosion
distance to the underground structures demonstrates that the increase in the explosion distance to the extent of the
tunnel diameter (D) creates a decrease in the tunnel crest by 43%.

Introduction

Analysis of underground structures resistance to surface explosions helps to better understand the effect of dynamic
loads on strategic structures. Since the construction of explosion-proof surface structures is non-economic, it is more
reasonable and cost-effective to design explosion-proof underground structures. Designing underground structures
stable against dynamic loads caused by surface explosions is very important for the protection of structures and
individuals in the face of external threats. In general, deep-buried structures are not designed to withstand explosive
loads. Hence, it seems essential to explore the dynamic behavior of these structures and the surrounding soil against
explosive loads (Rashiddel, Kharghani et al., 2020).

The geometric shape of the opening should be chosen in such a way that in addition to providing the allowable settling
rate, it has sufficient resistance to the stresses and the displacement and shear strains created in the allowable range.
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Modeling of Isfahan metro tunnel with three different geometries (horseshoe, circular and double arched) in two modes
of single tunnel and twin tunnel in FLAC 2D finite difference software has shown that the maximum and minimum
subsidence occurred in the mode of horseshoe and double arch, respectively. On the other hand, by increasing the
distance between the two tunnels, the amount of subsidence decreases by about 5%. Moreover, by increasing the
distance from the center to the center of the tunnels to more than three times of the diameter of the tunnels by 20
meters, the changes in the amount of subsidence are almost constant (Amiri, 2018).

In investigating the effect of digging the Isfahan metro tunnel on the settlement of buildings adjacent to the tunnel by
FLAC 2D software with a special attitude on the height and width of the structure, the results have been obtained. The
allowable construction area of the structure is about 1.65 meters and with the increase in the number of floors to 8 and
12 floors, this distance has reached about 4.5 and 9 meters, respectively, and compared to the 4-storey building has
increased 2.72 and 5.45 times, respectively. With the increase in the number of floors to 12, the allowable construction
area of the structure for a width of 20 and 30 meters has increased 1.5 and 2.7 times compared to a building with a
width of 10 meters, respectively (Amiri, 2021).

Evaluation of the issues related to the interaction of the structures buried in the soil against explosions as well as
perception of the soil behavior are significant. However, regarding the changes in layers materials, no comprehensive
study has been conducted on the integration or non-integration of soil layers and impacts of such conditions on the
transfer of stresses caused by explosion. Therefore, the present study that is a case study on a subway tunnel in Isfahan,
Iran, is to investigate the effect of soil type and its layering on the transfer of stresses to the buried structure.

Methodology and Approaches

The subway in Isfahan consists of five routes. The north-south route (the first phase of the project) starts from Kaveh
bus terminal and ends in Soffeh bus terminal. Its length is 12.5 km in which approximately 12 km of it is in the
basement.

A two-dimensional (2D) model is used to model the effects of explosion in software. In general, the propagation of
blast waves is spherical in the soil environment and the interaction between the explosion and the impact load of the
blast gas leads to strains around. This paper attempts to investigate the parametric effects of surface and subsurface
blast waves on a tunnel buried in the soil environment by modeling the tunnel using FLAC 2D, and then, the explosion
has been simulated by AUTODYN software.

The soil layers in the Soffeh -Azadi route consist of rock fragments of different types. The route rocks are mainly
composed of shales and sandstone. However, there is alluvial soil in some parts of the route. In addition, in certain
areas, an alluvium layer of approximately 4 m thickness is observed on the sandstone. Mohr — Coulomb behavioral
model has been applied for the soil of the area under evaluation. Several boreholes have been drilled in the tunnel
route to determine the mechanical characteristics of the soil. Using laboratory experiments, the mechanical and
geotechnical characteristics of the soil have been identified. Experiments of the present work have mostly cbeen arried
out based on the ASTM standards. The internal friction angle (¢) and adhesion (C) of the soil have also been
determined based on ASTM standard, D3080 and the density (y) has been determined based on ASTM standard, D854.

Results and Conclusions

Some of the significant results of this study are as follows:

1. Crown and floor displacements vary depending on the weight of the explosive; the more explosive, the more
noticeable the changes in displacement.

2. In general, according to the displacement values and the distance of the blast site from the central axis of the tunnel,
no damage will occur if the surface explosion of 120 kg of TNT occurs at a distance equal to or more than the diameter
of the tunnel.




3. The presence of an adjacent tunnel causes interactive forces due to the weight of the buried structure,
and reflection of explosion waves in the environment due to the rigidity of the tunnel wall. Excavation of
an adjacent tunnel provokes excess stress in the surrounding soil. Therefore, displacements of the crown

(caused by the explosion) in the twin tunnel differ from those of the single tunnel.




