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Abstract

In recent years, the use of piles under important structures such as power plant equipment, petrochemical complexes, marine structures, and
bridges has expanded greatly, and the safe and economical design of these types of foundations under the effect of dynamic loads is of particular
importance. Paying attention to the fact that pile and soil interaction along with the effects caused by seismic forces is considered as an important
issue in the analysis of foundations. Therefore, obtaining accurate and close to reality answers from the behavior of concrete pile under the
application of these forces and dynamic analysis of the pile is important for seismic designs. Until now, various methods such as: Winkler model
method, finite element method, inseparable boundary method or boundary element method and integral equation method have been proposed to
solve soil and pile interaction problems. In this research, in order to investigate the effect of soil porosity on improving the dynamic behavior of
concrete piles, finite element analysis was used, for this purpose, according to dynamic methods, the numerical model will be able to calculate the
effect of gravity and seismic load in analyzing the dynamic response of piles. . Also, the soil is considered as a continuous elastic medium and the
concrete pile as an elastoplastic strip. Piles in soils with different porosities will be affected by seismic waves and incoming forces. Modeling is done
in Abaqus software, and pile and soil will be studied as several different materials and with the effect of interaction on each other. At the end of this
research, the results were observed, with the increase of soil porosity in granular and clay soils, the bearing capacity of the pile group will decrease,
and it was also observed that the behavior of the pile group will change with the change of the dimension and dimensions of the pile group, and with
the increase of the dimension of the pile group The bearing capacity of the pile also increases.
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Introduction

a very soft soil to reach a hard bed. Candles are usually used for the

Piles are structural members made of wood, concrete, steel .
following purposes [3]:

or other materials that are used to transfer surface loads to lower

levels in the soil [1]. This transfer is done by distributing the load a.  Transferring the load of huge structures into the lower
along the body of the pile or directly transferring the load to the layers. (vertical and lateral loads)
lower layer through the tip of the pile, the first case is called a b. Resistance against upward traction or overturning, for

friction pile and the second case is called a support pile [2]. Usually, example, for uniform foundations under the water surface or

all piles transfer the load as a combination of body friction and tip to keep bridge foundations against overturning caused by side

resistance, except for cases where, for example, the pile penetrates loads such as wind
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c.  The density of soft and non-sticky layers by a combination
of displacements by the volume of the pile and the movement
of the pile in a vibrational way. These types of candles may be
pulled out later.

d.  Settlement control, when there is a strip or wide footing
on the soil under which there is a layer with high density.

e.  Hardening the soil under the foundation to control the
vibration range and natural frequency of the system.

f.  As a more reliable factor for bridge bases or abutments
[4].

g.  In offshore structures to transfer loads above the water
level to the ground below.

Sometimes to control ground movements (e.g. landslides). Piles
may break under vertical and lateral loads. Also, in long members,
buckling may occur. A pile foundation is much more expensive than
a strip foundation and a wide foundation. In any case of foundation
design, studies on local soil characteristics are very important.
Because based on these studies, it should be carefully decided
whether there is a need for candles and, if so, whether a greater
number or length of candles is needed [5].

In recent years, the use of piles under important structures
such as power plant equipment, petrochemical complexes, marine
structures, and bridges has expanded greatly, so the failure and
damage of such structures after an earthquake occurs due to
lack of observation, various losses such as loss of life, economic,
environmental, therefore, this issue makes the safe design of these
types of foundations under the effect of lateral seismic loads to be
of special importance and should be done during the service life of
the piles, taking into account the effective factors [6]. In general, any
structure that is buried in the soil is affected by the six components

of the earth during an earthquake. These components include two
lateral components, one vertical component and three torsional
components around the coordinate axes. Accordingly, the structure
and the soil around it have a reciprocal effect on each other and
this factor causes more changes due to seismic waves. The meaning
of this is that one should not only analyze the structure in seismic
analysis and the effect of the interaction between the structure
and the soil should be taken into consideration [7]. The behavior
and seismic response of the soil-structure system when subjected
to a dynamic loading is a function of the three factors of ground
effect, forces and the desired system. The seismic behavior of
the pile is not exempted from this rule, and for this reason, the
seismic analysis of the pile, considering the effect of the interaction
between the soil and the pile, requires earthquake risk analysis to
a large extent, so that based on that, a correct assessment of the
structure’s performance during an earthquake can be made. After
that he did [7].

Jian Fei Luo et al. in 2011, in which the effect of the fixed axial
load at the top of the pile on the permanent dynamic response of
the pile is discussed, which shows that the fixed axial load, which is
the mass of the pile, only affects the inertia of the pile. and through
inertia it will affect the axial permanent dynamic response, but
in the horizontal permanent dynamic response of the pile, both
inertial and force factors will be involved separately. In general,
this research has stated that increasing or decreasing the amount
of static force on the top of the pile will have the same effect on the
permanent dynamic response of the pile and shows that, when the
modulus of elasticity, Rayleigh wave frequency and pile length are
small, the effect of the static force The top of the pile will be greater
on the permanent dynamic response of the pile. Also, based on the
studies carried out in this research, the end of the pile 0.65 of the
bedrock has been identified as the area of change in the behavior
of the pile [8].
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Figure 1: A view of the types of pile sections [5].
N\ )

Citation: Seyed Ali Mousavi Davoudi*. Studying and Investigating the Effect of Soil Porosity on the Dynamic Behavior of Reinforced
Concrete Piles under Explosive Load. Cur Trends Civil & Struct Eng. 10(2): 2024. CTCSE.MS.ID.000736.

DOI: 10.33552/CTCSE.2024.10.000735.

Page 2 of 12


http://dx.doi.org/10.33552/CTCSE.2024.10.000735

Current Trends in Civil & Structural Engineering Volume 10-Issue 2

In 2009, Jianlian Zhu and his colleagues studied the transient
response of the pile in saturated soil, which they studied, and in
which the dynamic response of the pile and the saturated soil
around itis expressed using Lagrange’s equation and finite element,
which shows It gives for triangular and rectangular loads in 2
seconds (+1, -1), the maximum impact of the load on the transient
dynamic response will be in the first second, i.e. the end of loading.
This effect will be true for the dynamic response of both the pile
and the saturated soil around the pile [9]. In a 2015 research, Zheng
et al presented an analytical study on the vertical vibration of an
elastic pile embedded in porous soil. The degraded soil is divided
into two halves, which is under the base of the pile and a set of
independent thin layers along its shaft. The dynamic interaction
problem is proposed and solved by extending a method originally

for arigid foundation. The validity of the derived solution is verified
by comparing with existing solutions. Mathematical examples have
also been used to show the sensitivity of vertical pile impedance to
the relative stiffness of two soil parts [10] (Figure 1).

Research Method

In this research, in order to investigate the effect of soil porosity
on improving the dynamic behavior of reinforced concrete piles,
four study samples named A, B, C, and D have been used, and these
samples will be analyzed by Abacus finite element software. Figure
2 shows the characteristics of the tested groups and the effective
parameters of these samples. In Table 1, general examples and
effective parameters analyzed are presented.
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Figure 2: Geometric view of the study pile group of samples A, B, C, D.
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Table 1: General characteristics of the analyzed samples.

Sampel Number of Soil Layers Soil type Porosity ratio
Model-A 25%
Clay
Model-B 50%
4
Model-C 25%
Sand
Model-D 50%
Soil mechanical characteristics
Table 2: Mechanical properties of clayey soil.
Soil type E (Mpa) @ (degree) C(kpa) u p(Kg/m?)
Sand 20e3 28 5 kpa 0.35 1600 Kg/m?
Table 3: Mechanical characteristics of granular soil.
Soil type E (Mpa) @ (degree) C(kpa) u p(Kg/m?)
Clay 40¢e? 20 2 kpa 0.30 1900 Kg/m?
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In Tables 2 & 3 show the mechanical characteristics of the soil
that will be used in the modeling of the sample.

Mechanical characteristics of rebars

In this research, the steel rebar is S400 type. To define the

Table 4: Mechanical characteristics of rebar.

nonlinear mechanical behavior of steel rebars more easily, the
stress-strain curve of steel is assumed to be bilinear. Therefore,
it is enough to specify two slopes as the primary and secondary
elasticity model and yield stress value. The specifications of S400
steel used in this modeling are shown in Tables 4-6.

p (Kg/m3)

7850

Table 5: Mechanical linear isotropic characteristics of steel.

E (Mpa) v
2.05E10° 0.3
Table 6: Mechanical bilinear isotropic characteristics of steel.
Stress (MPA) Strain
465 0
600 0.12

Mechanical properties of concrete

To define concrete in Abaqus finite element software, there
is a behavior model called concrete damage plasticity model. This
model has the general ability to model the behavior of concrete
or any other material with semi-brittle behavior. This model uses
the concept of isotropic failure in the elastic range along with the

compressive behavior in the plastic range to model the inelastic
behavior of concrete. In this research, concrete with a compressive
strength of 25 MPa has been used in the investigated models in
groups A, B, C, and D. The behavior of concrete follows the elastic
and plastic properties. Figure 3 shows the concrete stress-strain
diagram that will be used in the modeling of samples in this
research.

35
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-

Figure 3: Stress-strain diagram of concrete used in modeling samples.
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Modeling Process

Solid element was used to model concrete parts. And steel
rebars from wire elements were used. The modulus of elasticity of
steel is 199 GPa and the concrete used in this modeling is concrete
with enclosed behavior with a compressive strength of 25 MPa for
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samples A, B, C, and D. After defining the specifications of concrete
and steel materials in this module, the assignment of materials
is done, after defining the materials and correctly assigning the
desired model in the graphic environment of the Abaqus program,
it turns green, in Figure 4, you can see the assignment of materials
to the desired model did. The assembly module is used to assemble
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the model, in this part, the parts of each part of the model are the model, the final shape of the model can be seen in the graphical
produced and they are assembled. After completing the assembly of  environment of the assembly (Figure 5).

( N

Figure 4: View of the model in the graphic environment of material assignment.
N J
( 7

Figure 5: View of the model in the graphical environment of the assembly.

= J

In the mesh module, the meshing of the model is done, the size  the laboratory studies of Jian-Fei Lu and colleagues in 2010 were
of the assigned meshes was considered to be 50 mm, in Figure 6, the  used, by comparing two hysteresis charts, it was observed that the
method of meshing is presented. In order to analyze the explosive  difference in resistance of the two samples was about 5%, which is
dynamic of the studied models of samples A, B, C, D, it is necessary  a very small and insignificant difference. Was. Figure 8 shows the
to define the loading type of Figure 7 for all samples A, B, C, Dinthe  specifications of the validation model and the hysteresis diagram
loading module. For the accuracy of the Abaqus software sample, (Tables 7-9).
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Figure 6: A view of the model in the Mesh environment of the Abaqus program.
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Table 7: Concrete mechanical characteristics of pile group modeling sample.

fc (mpa)

p (Kg/m?)

25

2500

Table 8: Value of change of position under pile group of study models A, B, C, D.

Sampel Porosity ratio number of soil layers Soil type displacement of the pile group (cm)
Model-A 25% 2.1
Clay
Model-B 50% 2.75
4
Model-C 25% 3.53
sand
Model-D 50% 4.32
Table 9: Strain value of study models A, B, C, D.
Sampel Porosity ratio number of soil layers Soil type displacement of the pile group (cm)
Model-A 25% 0.00017
Clay
Model-B 50% 0.0002
4
Model-C 25% 0.0024
sand
Model-D 50% 0.00035

Analysis Results

After performing the analysis in an explicit way, you can use the
visualization environment of Abaqus software to view the analysis
results. In the figure, you can see the output and contour of different
analysis parameters of model A, B, C, D. In Figure 9, the overall
displacement contour (U-magniude) of the sample is shown, which

is clear that the combined displacements at the end and corners of
the soil are more displacements under explosive loads (Figure 10).
In Figure 11, the displacement contour of U-1 model of the study
sample is presented. The maximum displacement stresses occurred
in the continuous environment of the pile and soil, and more
displacements were created in the central part of the displacement.
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Figure 9: Validation diagram of Jian-Fei Lu et al.’s Experimental sample and Numerical analysis.
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In Figure 12, the maximum displacement stresses occurred in
the corner of the second quarter of the continuous environment
of the pile and soil, and in the central part, the displacements of
the soil are less than the displacements created. In Figure 13, the
response contour of a support is shown. It has been determined
that the maximum support reaction stresses are created in the
central part of the soil and the sides bear less support reaction.
Figure 14 shows the von Mises stress distribution contour of the
study sample model. It has been determined that the stresses
created in corner piles are much higher than the stresses created
on concrete piles. This article shows that the tensions generated
in the end parts are much higher than the central parts due to the
location of the explosion load. In Figure 15, you can see the diagram
(displacement-time) of study sample A (clay soil + 25% porosity),

Citation: Seyed Ali Mousavi Davoudi*. Studying and Investigating the Effect of Soil Porosity on the Dynamic Behavior of Reinforced
Concrete Piles under Explosive Load. Cur Trends Civil & Struct Eng. 10(2): 2024. CTCSE.MS.ID.000736.

DOI: 10.33552/CTCSE.2024.10.000735.

study sample B (clay soil + 50% porosity), study sample C (sandy
soil + 25% porosity) and study sample D (found sandy soil + 50%
porosity. According to the comparison of the displacement-time
diagram of model A (clay soil + 25% porosity) and model B (clay
soil + 50% porosity), it was observed that with the change in the
percentage of displacement of piles in clay soil with 50% porosity
compared to 25% porosity, 23.47% increase in the displacement
of the end of the candle. Also, according to the comparison of the
displacement-time diagram of model C (sandy soil + 25% porosity),
and model D (sandy soil + 50% porosity), it was observed that with
the variation of the percentage of pile base displacement porosity
in sandy soil with 50% porosity compared to 25% porosity, it
causes an increase of 25.38% in the displacement of the end of the
pile (Table 10).
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Table 10: Von Mises stress values - time of study models A, B, C, D.

Model name The number of soil layers Soil type Porosity ratio Von Mises stress value of pile group
Model-A 25% 0.005
Clay
Model-B 50% 0.004
4
Model-C 25% 0.0032
Sand
Model-D 50% 0.0024
e M
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Figure 12: Distribution of displacement of U-3.
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Also, according to the comparison of the displacement-time of granular soil to cohesive, the displacement in granular soils
diagram of model A (clay soil + 25% porosity), and model C (sandy increased by 18.95%. It becomes. In Figure 16, you can see the
soil + 25% porosity), it was observed that by changing the type diagram (strain-time) of study sample A (clay soil + 25% porosity),
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study sample B (clay soil + 50% porosity), study sample C (sandy
soil + 25% porosity) and study sample D (soil observed sandy +
porosity 50%). According to the comparison of the strain-time
diagram of model A (clay soil + 25% porosity) and model B (clay soil
+50% porosity) it was observed that by changing the percentage of
porosity, the displacement of piles in clay soil with 50% porosity
compared to 25% porosity, He saw an increase of 26.71% strain.
Also, according to the comparison of the strain-time diagram of

Volume 10-Issue 2

model C (sandy soil + 25% porosity), and model D (sandy soil + 50%
porosity), it was observed that with the change of the percentage of
porosity, the displacement of the pile base in sandy soil with 50%
porosity compared to 25% porosity, causes the strain to increase
by 24.36%. Also, according to the comparison of the strain-time
diagram of model A (clay soil + 25% porosity) and model C (sandy
soil + 25% porosity), it was observed that by changing the type of
granular soil to cohesive, the strain decreases by 17.53%.
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Figure 15: Displacement-time diagram of study models A, B, C, D.
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In Figure 17, you can see the diagram (Von Mises stress-time)
of study sample A (clay soil + 25% porosity), study sample B (clay
soil + 50% porosity), study sample C (sandy soil + 25% porosity)
and study sample D (sandy soil + 50% porosity). According to the
comparison of the stress-time diagram of model A (clay soil + 25%
porosity) and model B (clay soil + 50% porosity) it was observed
that with the change of the percentage of porosity, the displacement
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of piles in clay soil with 50% porosity compared to 25% porosity
caused 23.74% reduction of von Mises stress. Also, according to the
comparison of the stress-time diagram of model C (sandy soil + 25%
porosity), and model D (sandy soil + 50% porosity), it was observed
that with the change in the percentage of porosity, the displacement
of the pile base in sandy soil with 50% porosity compared to 25%
porosity, the von Mises stress is reduced by 20.68%. Also, according
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to the comparison of the strain-time diagram of model A (clay soil  observed that by changing the type of granular soil to cohesive, it
+ 25% porosity) and model C (sandy soil + 25% porosity), it was  caused an increase of 16.34% in the Von stress. It will disappear.
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Figure 16: Strain-time diagram of study models A, B, C, D.
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Figure 17: Von Mises stress-time diagram of study models A, B, C, D.
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Conclusion b.  With an increase of about 25% in the percentage of

porosity in sticky soils (clay), the displacement of the pile base

a. In this research, four study samples A, B, C, D were used, increased by about 24.42% on average.

study sample A (clay soil + 25% porosity), study sample B

(clay soil + 50% porosity), study sample C (sandy soil + 25% c.  With an increase of about 25% in the percentage of
porosity) and They constituted the study sample D (sandy soil porosity in granular (sandy) soils, the displacement of the pile
+ 50% porosity), and the following results were obtained: base increased by about 25.53% on average.

Citation: Seyed Ali Mousavi Davoudi*. Studying and Investigating the Effect of Soil Porosity on the Dynamic Behavior of Reinforced Page 11 of 12
Concrete Piles under Explosive Load. Cur Trends Civil & Struct Eng. 10(2): 2024. CTCSE.MS.ID.000736.
DOI: 10.33552/CTCSE.2024.10.000735.


http://dx.doi.org/10.33552/CTCSE.2024.10.000735

Current Trends in Civil & Structural Engineering Volume 10-Issue 2

d. By changing the type of soil from granular (sand) to sticky
(clay), with a fixed percentage of porosity, the end displacement
of the pile increased by 18.95% on average.

e.  With an increase of about 25% in the percentage of
porosity in sticky soils (clay), the base strain of the piles
increased by about 23.75% on average.

f. By changing the type of soil from granular (sand) to sticky
(clay), with a fixed percentage of porosity, the end strain of the
pile increased by 21.63% on average.

g.  With an increase of about 25% in the percentage of
porosity in sticky soils (clay), the von Mises stress of the pile
base increased by about 20.81% on average.

h. By changing the type of soil from granular (sand) to sticky
(clay), with a constant percentage of porosity, the Von Mises
stress at the end of the pile increased by 19.74% on average.

i. According to the change of dimensions of piles, it was
observed that by increasing the diameter and dimension of piles
by 20%, the strength of concrete piles increased by 17.52%.
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