International Journal of Scientific & Engineering Research, Volume 7, Issue 4, April-2016

ISSN 2229-5518

1339

Numerical evaluation of the effect of soll type on
the behavior of underground structures against
explosion

Amir Younespour', Kaveh Yasamani’
! Faculty of Civil Engineering, University of Tabriz, Tabriz, Iran (younespour@tabrizu.ac.ir)
% North-West Institute of Science and Technology, Malek-ashtar University of Technology, Urmia, Iran

Abstract—This paper presents a 3D numerical investigation on explosion response of underground structures. Analysis of the behavior of
structures against explosion is very essential. Design philosophy of protective structures against explosion is minimizing possible
damages. Exploitation underground structures is one of the popular method to preserve strategic structures, so that understanding the
behavior of soil under blast loading is very important to engineers in tunneling and military construction. In this study, a two-story structure
with reinforced concrete walls and slabs that constructed underground has been studied. The soil using as an absorber to improve the
performance of structures against explosive load by absorbing the released energy from explosion. Considered structure has been
modeled by finite element software (ABAQUS). In numerical simulation different amounts of explosive charges and different locations have
been considered. Two types of soil including clay and sandy soil have been used. The results revealed that the sandy soil has greater
ability to dissipate energy of explosion in comparison with clay. The strain and displacement response have been compared and depicted
that the sand-underground structure has better behavior than the clay-underground structure and has less displacement. Also the results
revealed the stresses of sand-underground structure are less than stresses of the clay-underground structure.

Index Terms— Explosion, Underground Structures, Explosive energy, Reinforced Concrete Structures, Numerical Simulation.

1 INTRODUCTION

During the last decades, research activity related to under-
ground structures and the effect of explosion on them
have progressively increased. The correct evaluation of
the effect of explosion is very important for the design of pro-
tection structures. The action of explosions on soils and the
resulting effect on structures is a strongly complex physical
problem. Loads resulting from the explosion can cause severe
damage to civil engineering structures. In comparison with
other threats such as earthquakes and hurricanes, explosions
has a different effect on the structures [1, 2]. Due to the effects
of explosion loads is destructive, the design of structures
against explosions is impractical. Often the designers try to
reduce the damages caused by the explosion with different
ways. Among these solutions, using the underground struc-
tures can be a good choice, but the influence of that dependent
on many parameters that include the weight of explosive
charge, the explosion depth, soil type and properties, among
others. The structural system used for the underground struc-
tures is very important. One of the most popular system for
this purpose is the reinforced concrete structures. The system
of reinforced concrete structures due to high resistance to cor-
rosion can be a suitable option. Underground reinforced con-
crete structures are used for essential installations protected
against the effects of conventional weapons. Owning the low
tensile strength and low flexibility can be one of important
disadvantages of reinforced concrete system. The effects of
changing the strain rate increased the tensile and compressive
strength in concrete and for this reason the initial stiffness in-
creased. Because of this fact, the concrete response to the ex-
plosion and impact loading differs from the static load [3].
In recent years a lot of researches about the behavior of un-
derground structures against blast and blast effects on them

have done. In 2005, Lu et al. proposed a fully coupled numeri-
cal model is used to simulate the response of underground
concrete structure under subsurface blast, with emphasis on
the comparative performance of 2D and 3D modeling schemes
[4]. Nagy et al. proposed a numerical model to investigate the
influence of surface explosion on the underground structures
[5]. Another investigation is focused on soil-structure interac-
tion and multiple blasts which are the realistic scenarios. The
finite element analysis is carried out using ABAQUS. Results
indicate that the buried depth of structure, soil-structure in-
teraction and strain rate governs the dynamic behavior of the
structure. Besides, in this work concluded that blast design of
structure is governed by the time interval between successive
blasts, and not merely by single blast of the given amount of
explosive [6]. In 2012, De proposed a numerical modeling of
the effects of explosions relies on suitable material models ap-
propriate for large deformation problems. A fully-coupled
Euler-Lagrange Interaction was utilized to correctly model
pressures created by the explosion simultaneously with the
large deformations in the soil. The model was used to study
two cases-the first with a 2D axisymmetric case of crater for-
mation; and the second with a 3D case of surface explosion
above an underground tunnel. The results of numerical anal-
yses were found to closely match those from other analyses,
field tests [7].

Numerical simulation is one of the useful method for
studying the structures behavior against explosion loads. Re-
cent advances in numerical simulation have allowed the mod-
eling of underground structures and evaluating the behavior
of them under explosion loads with acceptable accuracy. The
effect of explosions on underground structures under soil sur-
face is numerically studied in this paper. In this study, using
the finite element software ABAQUS to study the effect of ex-
plosions on underground structures [8]. Both clay and sandy
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soil considered to evaluate the effects of soil type on the be-
havior of the structure. Structure and soil in the application
model and under different amounts of explosives and the blast
site has been different distances.

2 MODELING

Underground structure is a two-story structure with rein-
forced concrete slabs and walls, which in Figure 1 is shown.
Structures with spans of 9 m and 7.25 m in the x-direction and
in the z direction has a spans of 5.5 m and 7.5 m. First and se-
cond floors height are 1.9 m and 3.7 m, respectively. Thickness
of slabs and walls is 30 cm and the diameter of the longitudi-
nal reinforcement bars are 20 and 16 mm.

Fig. 1. Underground structure

Slabs and walls connection is considered completely fixed. The
depth of the top level of structures is 2 m from the ground level.
In Figure 2 the soil model is shown. Soil and structure interaction
defined by Penalty function in software. Perpendicular and tan-
gent behavior of soil defined as Hard Contact and Penalty, re-
spectively and the coefficient of friction is considered 0.345.

3 MATERIAL PROPERTIES

The density of concrete, Young's modulus of concrete and
Poisson's ratio are considered 2500 kg/m?3, 2.4¥10°5 kg/cm? and
0.2, respectively. A constitutive model called concrete damage
plasticity model based on models proposed by Lubliner et al.
(1989) and Lee (1998) in ABAQUS is considered to account for
the inelastic mechanical properties and to model the behavior
of concrete under shock loading. This model is based on the
assumption of scalar damage in which the degradation of elas-
tic stiffness induced by plastic straining both in tension and
compression are considered. The compression yield stress is
considered 250 kg/cm? and the tension yield stress is consid-
ered 25 kg/cm?. The stress- strain behavior of concrete in uni-
axial loading used in the study are given in Figure 3.
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Fig. 2. Soil modeling
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Fig. 3. Stress-strain behavior of concrete

The density of steel, Young's modulus of steel and Poisson's ratio
are considered 7850 kg/m®, 2*10° kg/cm? and 0.3, respectively.
The yield strength of steel, 4200 kg/cm? is considered. The stress-
strain behavior of steel in uniaxial loading used in the study are
given in Figure 4.
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Fig. 4. Stress-strain behavior of steel
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4 Explosion MODELING

An explosion is defined as a large-scale, rapid and sudden
release of energy. Explosions can be categorized on the basis
of their nature as physical, nuclear or chemical events. In
physical explosions, energy may be released from the cata-
strophic failure of a cylinder of compressed gas or even mix-
ing of two liquids at different temperatures [9]. Explosive ma-
terials can be classified according to their physical state as sol-
ids, liquids or gases. Solid explosives are mainly high explo-
sives for which blast effects are best known. They can also be
classified on the basis of their sensitivity to ignition as second-
ary or primary explosive. The latter is one that can be easily
detonated by simple ignition from a spark, flame or impact.
Materials such as mercury fulminate and lead azide are pri-
mary explosives. Secondary explosives when detonated create
blast (shock) waves which can result in widespread damage to
the surroundings. Examples include trinitrotoluene (TNT) and
ANFO. The detonation of a condensed high explosive gener-
ates hot gases under pressure up to 300 kilo bar and a temper-
ature of about 3000-4000C°. The hot gas expands forcing out
the volume it occupies. As a consequence, a layer of com-
pressed air (blast wave) forms in front of this gas volume con-
taining most of the energy released by the explosion. Blast
wave instantaneously increases to a value of pressure above
the ambient atmospheric pressure. This is referred to as the
side-on overpressure that decays as the shock wave expands
outward from the explosion source. After a short time, the
pressure behind the front may drop below the ambient pres-
sure (Figure 5). During such a negative phase, a partial vacu-
um is created and air is sucked in.

Pressure

Distance

Fig. 5. Explosion pressure reduction

In this study the underground structure is considered for the anal-
ysis and design against the air blast equivalent TNT at different
distances. Varying charge weights ranging from 10 kg, 30 kg and
50 kg TNT have been used. The explosive loading generated due
to an air blast (equivalent of TNT) at distances of 0.5, 1 and 2 m
from the soil surface. The depth of the top level of structures is 2
m from the ground level. In addition the gravity loads are applied
to the structures.
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5 SIMULATION RESULTS

Numerical simulations of explosive load applied on existing
structural finite element model. As a general concluding, due
to the location of explosion and according to the Figure 6 can
be observed, the stresses of slabs are much more than stresses
of walls.

(a)

Fig. 6. (a) Stress distribution in concrete, (b) Stress distribution in
steel

The improvement performance of the underground structures
is due to dissipating and absorbing the explosion's energy by
the around soil. The around soil absorb the entrance explosive
energy as an absorber. In an evaluation found out that the soil
type can be an important parameter in absorbing the energy.
In this study, as in Figure 7 depicted the sandy soil in absorb-
ing the energy of the explosion is better than clay. Figure 7
compares the energy dissipation by the soil for various explo-
sive charge weights.

For more investigating and better understanding it is interest-
ed in comparing the time history displacement response of the
top floor slab. It should be noted that the displacement has
two reason, first caused by explosive load and second caused
by gravity loads. By noting the density of clay and sandy soil
it can be concluded the displacement that caused by gravity
loads in sandy soil is larger than clay. Figures 8 to 10 com-
pared the response of structure in various considerations. It
can be seen that the displacement response of underground
structure caused by explosion in sandy soil is less than the
displacement response of underground structure in clay. As
another concluding remarks, it is realized that the plastic
strain for 10 kg and 30 kg explosive loads is almost zero, but
for 50kg explosive load the plastic strain is considerable. This
fact depicted in Figure 10 that the permanent deformation is
also visible at the end of the loading period.
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Fig. 7. Dissipated energy by soil; (a) 10 kg TNT, (b) 30 kg TNT, (c) 50 kg TNT
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Fig. 8. Time history displacement response for blast load of 10 kg TNT with different distances; (a) 0.5 m, (b) 1 m, (c) 2m
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Fig. 9. Time history displacement response for blast load of 30 kg TNT with different distances; (&) 0.5 m, (b) 1 m, (c) 2m
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Fig. 10. Time history displacement response for blast load of 50 kg TNT with different distances; (a) 0.5m (b) 1m (c) 2m

Comparing the stresses in concrete slabs and reinforcement and steel tabulated in tables 1 and 2. From comparison results
bars give an opportunity to better understand the performance shown the sandy soil in reducing the stresses has better per-
of two considered soil type. The maximum stress in concrete formance than clay.

Table 1. Maximum stress in concrete (MPa)
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Soil type Sand Clay
0.5m 1m 2m 0.5m 1m 2m
10 kg 2.60 2.10 2.08 2.68 2.65 2.31
30kg 5.98 6.55 5.62 6.33 6.58 5.74
50kg 8.10 6.81 6.27 8.63 6.92 6.55
Table 2. Maximum stress in steel (MPa)
Soil type Sand Clay
0.5m 1 m 2m 0.5m Im 2m
10 kg 129.70 137.20 119.60 154.90 158.60 124.30
30kg 389.70 400.30 401.50 400.10 403.70 403.30
50kg 402.20 400.70 393.80 402.30 404.10 401.80

5 CONCLUSION

Designing structures resistant to explosions is impractical and
impossible, which is why in designing of safe structures at-
tempts to minimize the damage caused by the explosive loads.
Using the underground structures, which is one of the most
useful ways to protect structures against explosions, can be
considered. The underground structures by using the soil to
absorb and to dissipate the energy of explosions, reduced the
potential damages caused by the explosion. A 3D finite ele-
ment model for underground structure is developed using the
commercial software ABAQUS. In this study, the soil type
compared to improve the behavior and performance of the
underground structures. Two types of clay and sandy soil was
considered. The results of numerical simulations revealed that
in improvement of the performance of the considered struc-
ture, the sandy soil is better than the clay. Besides, by compar-
ing the ability of soil type to absorb the energy of the explo-
sion, it is depicted the sandy soil is more capable than the clay.
Comparing results revealed the response displacement, strain
and stress of the sand-underground structure are less than the
clay-underground structure.
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