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1. Introduction

One of the most important behaviors of some clay soils is
susceptibility to volume changes that can happen
independently of loading due to changes in water content.
These volume changes (i.e., swelling or shrinkage) can give
rise to a ground movement that may result in damage to the
building. Low-rise buildings are particularly vulnerable to
such ground movements since they usually do not have
enough weight or strength to resist. These soils also
represent a problem when they are encountered in road
construction, and shrinkage settlement of embankments
composed of such clays can lead to cracking and breakup of
the roads they support. The potential of volume change of
these soils dependents on the initial water content, initial
density or voids ratio, type, the amount of clay minerals, and
the surcharge pressure. Expansive soils are usually in
unsaturated condition and have two components of suction,
namely matric suction and osmotic suction. Matric suction
can be considered as the negative pore water pressure due to
the surface tension effects. Osmotic suction is resulted from
dissolved salt concentration in the pore water. Before
soaking, the sample is in unsaturated condition. Soaking it,
water flows from the reservoir to the sample and initial
matric suction begins to reduce to a point in which full
saturation is achieved. The osmotic suction is appeared in
the sample upon reaching nearly full saturation condition.
Total suction is composed of matric and osmotic suctions.
Reviewing related literature shows that the studies on the
potential and pressure of swelling soils are nearly rare at
different matric suction. Therefore, the main aim of this
study was to investigate the effect of different chemical pore
fluids on the potential and pressure of swelling at different
suctions. Experimental tests were conducted on the samples
with different pore fluids (i.e., distilled water and solution
of NaCl and CaCl,) that were wetted by distilled water. The
potential of swelling and swelling pressure of wetted
samples were measured at different water content and then
converted to the suction through the Soil-Water
Characteristic Curve (SWCC) that was established for each
chemical quality of pore fluids. Finally, the results of this

study are presented in terms of swelling potential and
pressure and matric suction.

2. Materials and methods

A suitable soil for this research work would be highly
expansive clay. A number of kaolin-bentonite mixtures with
different percentages were selected and tested. Finally, a
mixture of 80% kaolin and 20% bentonite was chosen for
this work. Hereafter, this mixture will be simply referred to
as soil. The physical, mechanical, and chemical of this soil
were determined. According to the Unified Soil
Classification System (USCS) this soil was classified as
clay with high plasticity.

The standard compaction tests were performed on soil
with different pore fluid qualities (a. distilled water, b. 250
g/L NaCl solution, and c. 250 g/L CICI, solution) and
compaction curves were established for each pore fluid.
Then for each sample, the required water with 5% less than
optimum water content corresponding to the compaction
curve was added to a specific weight of dry soil and mixed
by hand. The prepared mixture was kept in a plastic bag for
24 hours for uniform distribution of water content. The
static compaction technique was used for preparing the
samples. Static compaction was conducted on the selected
moist soil in a special mould by applying static pressure
using a loading machine. The dimensions of the mould were
exactly the same as the oedometer ring and were
accommodated by detachable collars at both ends.

The matric suction of samples with different pore fluids was
measured by using the filter paper method and SWCC was
determine for each of them.

A conventional oedometer was used for conducting the
tests. The prepared sample was placed in the ring between
two porous stones with the load plate resting on the upper
stone. Then it was wetted with distilled water. The value of
swelling potential and pressure were measured at different
time of wetting. At the end of each test, the water content of
the sample was also measured. The experiments were
repeated three times to ensure the results. The SEM tests
were also performed on samples before swelling and after
the free swelling test to get data about the microstructure of
samples with various pore fluids.

3. Results and discussion

The vertical deformation of the samples was measured
during each test and it was expressed as a percentage of the
initial height at the beginning of the test (i.e., AH/Hx100).
By plotting the percent of deformation against time, the
trend of variations in swelling for each pore fluid was seen.
The swell-consolidation method (ASTM D4546-08) was
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used for determining the swelling pressure. Once completed,
the sample is compressed through a consolidation test. The
pressure needed to compress the sample back to its initial
void ratio or height is considered the swelling pressure. The
values of free swelling for distilled water, NaCl and CaCl;
solution after 226 hours are 26.6, 29.7, and 26.2%,
respectively. Their swelling pressures also were determined
600, 617.5, and 583.5 kPa. Moreover, the solution of NaCl
causes increasing free swelling and swelling pressure 11.5
and 2.95% in comparison with distilled water as pore fluid.
But the CaCl, causes reduction in the values of free swelling
and swelling pressure as 1.5 and 2.75% in comparison with
distilled water. It can be said that the physical and chemical
behaviors of pore fluid such as pH, temperature, dielectric
constant, and kind of ions are effective in swelling behaviors
of soil. The calcium ions bind to the soil particles more
stronger than sodium ions and result in increasing the degree
of pasting particles to each other as shown in SEM results.
This condition leads to the reduction of swelling in
comparison with NaCl solution. The reasons can be used to
explain the effect of distilled water on swelling parameters
as well.

The results of SWCC for soil samples with different
chemical pore fluids show that for given water content, the
sample with NaCl as pore fluid has more suction than the
other pore fluids. Changes in the ion concentration affect the
changes of suction in soil sample. The ion concentration of
NaCl and CaCl, is more than distilled water. Therefore, the
produced suction in samples with other used pore fluid also
is greater.

As it was explained the many free swelling and swelling
pressure tests for different specific times were conducted on
samples with the desired pore fluid. Then the water content
of each sample was measured after the test and it was
changed to suction by using the corresponding SWCC.
Figure 1 shows the variations of percentage of swelling for
samples with different pore fluids. It is seen from this figure
that for all pore fluids, the potential of swelling is reduced
by increasing suction. The results also show that at high
suction, the behavior of samples with NaCl and CaCl; as
pore fluid are close to each other. By reducing the suction,
the percent of swelling for distilled water and CaCl, are
nearly the same. It is seen from Figure 2 that by increasing
the suction, the swelling pressure decreases for all pore
fluids. The results also show that at high suction, the
swelling pressure of the sample with CaCl, is more than
distilled water but at low suction, the opposite is seen. It can
be said that at high suction the calcium and sodium ions
make strong bonds between the particles in comparison to
distilled water which has resistance against loading as seen
in SEM results.
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Figure 1. Variations of percentage of swelling with matric
suction for samples with different pore fluids
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Figure 2. Variations of percentage of swelling pressure with
matric suction for samples with different pore fluids

4. Conclusion
The main conclusions drawn from this study are as follows:

- Potential and swelling pressure of an expansive soil are
dependent on the chemical quality of pore fluid. These
parameters are a function of water content or suction;

- Comparing the results of used pore fluids revealed that
at given suction, the amounts of percentage and
pressure of swelling for NaCl are more than CaCl, and
distilled water.

These results can be considered as a guide to the
economics of their improvement method.
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Elham Ashrafy 3 Method

1. Introduction

Identifying the parameters affecting traffic flow density can
be effective in managers’ decisions and policies for the
investment and prioritization of executive plans and
projects. This study explored the effects of wvehicle
specifications on traffic density in the highway network of
Tehran. Geometric details and movement characteristics of
cars can affect the quality of traffic. This issue is more
crucial in highways and arterial crossings, where other
parameters such as delays and interruptions are less due to
intersections and interferences.

Examining the effectiveness of traffic congestion
reduction methods is one of the cases that has received a lot
of attention in recent years, but various parts of it remain
unknown. Based on the reviewed literature, various
parameters such as traffic volume, geometric details of the
passage, general characteristics of vehicles (vehicle length
and width), and their effects on traffic flow characteristics
have been studied, but the effects have not been addressed.
The geometry and details of the car affect the traffic density.
In this study, the effects of vehicle specifications on traffic
congestion are identified. By determining these effects,
solutions can be provided to reduce wvehicle traffic
congestion.

2. Research Goals

The main purpose of this study is to investigate the effective

factors on reducing traffic on Shahid Hemmat Highway in

Tehran. The main focus of this study is the effects of the

type and dimensions of vehicles on traffic density, which

has not been addressed before. Other objectives of this study

are:

- Explaining the effects of the ratio of cross-section length

to vehicle length on vehicle density per meter of road
length;

The research is applied in terms of the aim and is survey in
terms of data collection. Regression model was used to
solve the studied problem. Regression models are of the
most widely used models in predicting the relationships
between variables that have the ability to determine the
relationship between dependent and independent variables.
In this study, the dependent variables are the density of
vehicles per meter of length of the passage. Various
independent variables were examined in the modeling
process of this study.

Some of these variables are: vehicle length, vehicle
transit time, vehicle traffic speed, and vehicle volume.
Accordingly, various models were constructed and
validated, which are discussed in detail in the article.
Various statistical tests were tested to calibrate the model.
These tests were used to validate the proposed model. In the
following, the components of the proposed model and the
way of expanding and developing are described.

The regression model of the present study is as follows:

Y = Bo+ P1X1 + B2 X5 + B3 X3 + BuX,

Y: Vehicle density per meter of tread length
X; : Cross-section ratio to car length ratio
X,: Vehicle transit time in seconds
X5: Vehicle speed in kilometers per second
X,. Number of vehicles passing

For the quantitative study statistical models were used to
analyze the data. The relationship between details and
geometric characteristics of vehicles and traffic density
were investigated.

4. Results

The study investigated the effects of cars on traffic
congestion on Hemmat Highway in Tehran. To do this, the
details of the traffic on Hemmat Highway at different times
were filmed. After processing the data by statistical tools

*Manuscript received: 15 March 2022; Revised, 09 April 2022, Accepted, 09 May 2022.
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Email: h.khaksar@iau-tnb.ac.ir

2 M.Sc. Faculty of Engineering, Islamic Azad University, Tehran North Branch.
3 M.Sc. Faculty of Architecture and Urbanism, Imam Khomeini International University



https://civil-ferdowsi.um.ac.ir/
https://civil-ferdowsi.um.ac.ir/article_42231.html?lang=en

Hassan Khaksar - Hosein Baharzadeh - Elham Ashrafy

20

and software, the following results were obtained, which
can indicate the appropriate answers to the questions raised
in the research. The results showed:

Hypothesis 1: The ratio of cross-section length to vehicle
length has a significant effect on vehicle density per meter
of road length. Based on the analysis of findings, it can be
said that the relationship between the ratio of cross-section
length to vehicle length and vehicle density per meter of
road length is significant and the first hypothesis is
confirmed.

Hypothesis 2: The passage time of the vehicle has a
significant effect on the density of the vehicle per meter of
the length of the passage. Based on the analysis of the data,
it can be said that the relationship between vehicle transit
time and vehicle density per meter of road length is
significant and the second hypothesis is confirmed.
Hypothesis 3: Vehicle speed has a significant effect on
vehicle density per meter of road length. Based on the
analysis, it can be said that the relationship between vehicle
speed and vehicle density per meter of road length is
significant and the third hypothesis is confirmed.

Hypothesis 4: The number of vehicles passing has a
significant effect on the density of vehicles per meter of the
length of the road. Based on the analysis, it can be said that
the relationship between the number of vehicles passing and
the density of vehicles per meter of the length of the passage
is significant and the fourth hypothesis is confirmed.

Moreover, to investigate the simultaneous effect of the
variables of ratio of cross-section length to vehicle length,
vehicle transit time, vehicle speed, and number of vehicles
passing on vehicle density per meter of road length and also
predict car density per meter of road length at different times
through these independent variables, multivariate regression
analysis was used, the results of which were presented in the
previous section.
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1. Introduction

Today, engineers in most mining and civil projects deal
with unsaturated soils. Unsaturated soil is a multi-phase
porous medium composed of soil grains and the liquid and
gas phase, which is usually air and water. Soil behavioral
modeling and designs, regardless of unsaturated soil
conditions, although simpler, reduce the safety factor and
increase costs. The principle of effective stress is a basic
principle in soil mechanics that transforms a porous
environment consisting of several phases and multi-
stresses into a continuous environment consisting of one
phase and one stress to allow the application of the
principles of solid mechanics. The determination of shear
strength in unsaturated soils in the Bishop relation, in
addition to the effective stress, depends on a parameter
called the effective stress parameter (y). This parameter
determines the degree of suction participation in the
effective stress. The value of this parameter is one in the
saturated state and zero in the dry state. The value of this
parameter is usually determined by thriaxial, shear,
pressure plate, and filter paper tests. The relationship
between the y parameter and its related parameters is a
nonlinear and complex relationship and the definition of
this relationship is experimentally associated with many
errors. Accurate predictions of y can be achieved using
advanced approaches such as intelligent methods and
inferential systems. Among the intelligent methods, some
are used for classification problems and some for
regression problems. Some of them are able to solve both
types of problems. Support Vector Machine (SVM) is one
of the most widely used high performance methods. K-
Nearest Neighbor (KNN) and Random Forest (RF)
methods have also proven in many cases that they can
work well.

In this research, to predict the y parameter due to its
effective parameters, artificial intelligence methods such
as random forest, support vector machine and k-nearest
neighbor are used for modeling. The modeling is
performed in WEKA software and will use laboratory
data collected from several articles. Inlet parameters in
this model are soil-water characteristic curve fitting
parameter, confining pressure, suction and volumetric
water content and output variable, y parameter.

2. The most important methods used in this research
2.1. Support vector machine. The support vector
regression method consists of training algorithms that

work based on the classifier support vector machine. This
method achieves a model for prediction by using
statistical learning theory and minimizing structural risk.
The SVR method was first proposed by Vepnik (1995).
In this method, a nonlinear mapping is used to train the
data and the data is transferred to a higher dimensional
space and then the error function € in Equation 1 is used
to construct the regression shape.

L(y.f(x.a)) = ly — f(x.a)l. ™
0 ifly — f(x.a)| < e
Otherwise

B {ly —f(x.a)| —¢
Equation 1 shows that errors with values less than ¢
are not considered. Nonlinear relation, the input and

output parameters are written as an optimal function
according to Equation 2.

f(x) =wTe(x) +b 2

where x is the input variable vector, w is the weight
vector, and b is the bias. This function is known as the &-
Insensitive Loss Function and its solution can be
expressed as a quadratic problem in Equation 3.

L L
MinEWTW + CZ(Ei -&)
im1

{styi—w-o&)—b<e+¥§
w-o@x)+b-y<e+ ¥
& =0

@)

where C is the penalty parameter and ¢ is the auxiliary
variable. By introducing the Lagrangian coefficients and
applying the kernel function instead of the internal
multiplication of the operators, the above optimization
problem is simplified and Equation 2 becomes Equation
4

(00 = Y (@ —a)K(x.x) +b (4)

X{ESV

where a; and ajLagrange coefficients and k(x;. x;) are
kernel functions.

2.2. K-Nearest Neighbor

The k-nearest neighbor method is a non-parametric
statistical method used for classification and regression
problems. This method is based on the concept of
similarity, and predictions are made based on similar
situations that have occurred in the past. In other words,
by observing the independent variables in real time, the
model searches for patterns similar to the current
conditions in the historical series and selects possible
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options. Equation 5 shows The vector (1 x m) of the
predictive values of xj at time t.
Prj = (xjt) j=1..m ©)

Also, the matrix (n x m) of the value of predictor
variables xj in the historical time series is as Equation 6.

Prj (e-i) = Xje-i) (6)
j=1.m.i=1..n

Using the distance meter function (Dist), in Equation
7, the distance between the vector Pr; : and the rows of the
matrix Prj, (i is calculated.

where j is the index corresponding to the
predictor variables and i is the index corresponding
to the time step in the historical series. w; are also the
weights of the predictor variables. In order to
improve the performance of the model, appropriate
methods should be used to estimate the best
neighbors and develop data transfer functions and
distance measurement functions.

3. Case studies

The database included in the analyzes contains 120 data
from the results of thriaxial, shear, pressure plate and filter
paper tests, which were collected from several articles.
These data include 7 variables: suction (s), bubbling
pressure (hb), net confining pressure (p), residual water
content (0r), saturated volumetric water content (0s), soil-
water characteristic curve fitting parameter (1), and the
effective stress parameters (y). For initial processing, the
parameters s, hb, p, Or and 0s are dimensionlessly entered
into the model so that the dimensionless confining

pressure parameter is obtained from the Pi ratio (where the
0
parameter is Po = 101.325KPa) and the suction parameter
is dimensioned by the ratio hi Also, from the % ratio, the
b

S

dimensionless volume water content parameter is
obtained. Thus, in the modeling, the input parameters

include pi’ hi, % and A, and the output parameter y. Of
0 b N

this number of normalized data, 80% are used as training
data and 20% as test data to evaluate the models.

4. Results and conclusion

Given that a significant percentage of the earth's surface
is covered by unsaturated soils, it is obvious that these
soils are encountered during operations in most mining
and civil projects. The determination of shear strength in
unsaturated soils in a Bishop relationship depends on a
parameter called the y parameter, which is a function of
suction. In this research, models were developed and
evaluated to predict the y parameter. These models were
performed using three intelligent methods of random
forest, support vector machine and k-nearest neighbor in
the form of WEKA software and in it, 120 laboratory
samples collected from several papers were used. The
results showed:

» Random forest model in both training dataset (R? =
0.968 and RMSE = 0.051) and test dataset (R? = 0.869
and RMSE = 0.107), with high accuracy can
accurately predict the parameter y;

* Support vector machine and k-nearest neighbor models
also have good performance and accuracy in training
dataset;

* Sensitivity analysis performed on the parameters
showed that the parameter of volumetric water content
is very important in predicting the parameter y, and in
contrast, the parameter of the soil-water characteristic
curve fitting is less important than other parameters.

* In general, it can be said that WEKA powerful and
practical software can be used as a powerful tool in
data mining and earth engineering sciences in
estimating geomechanical parameters.
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1. Introduction

Floods are one of the most common, widespread, and
costly natural disasters in the world. Floods can classify
into three groups: a) flash floods that usually occur within
6 hours after heavy rainfall; b) river overflow due to
continuous rainfall in large catchment areas; and c) coastal
floods, caused by coastal storms that are often amplified
by tidal cycles. As mentioned, one of the most important
types of floods occurs because of the increase in the
volume of water and lack of sufficient space to transfer
that, which refers to overflowing rivers. Overflowing can
cause significant financial and human damage to urban
environments. The occurrence of this event can have
various reasons, such as climate change, sedimentation in
rivers, human changes in soil and landuse, and
environmental and hydrological factors.

The advent and development of spatial information
technologies have made it possible to collect and store
data, analyze and process, and generate output maps. An
example of such a map is a valuable zoning map, which
produced by analyzing the current state of a region, helps
to identify and classify areas based on one or more
specific criteria.

Since the phenomenon of flooding causes inevitable
damage to the environment and humans, this event's risk
can be used as a criterion for zoning an area. For the river
overflow study, firstly, the factors affecting the severity of
river floods are identified, then these factors are adapted
to the environmental conditions of the study area. These
criteria can be classified as hydrological (like the
characteristics of the river including its width, height, and
depth at different stages), meteorological (including
rainfall periods and rainy seasons), natural, landuse, and
others that affect the occurrence and severity of floods.
Their effects have different roles and weights in different
cities and regions.

This study tried to explore some of the existing criteria
in a region in Irag. There are many villages, agricultural
lands, and urban facilities in the Shatt Al-Arab River
Basin in Basra Province, Iraq, which are at risk of
flooding. For this reason, it is necessary to spatially
evaluate and analyze the areas prone to river flooding and
prepare a map of floodplains in this area.

This study investigated the river overflow risk in the
areas around the Shatt Al-Arab River. For this purpose,
river characteristics and required data, including depth
and width of the river collected in 12 cross sections of the
river and landuse data of the study area were extracted

through satellite images. The innovation of this research
is determining the desired criteria for estimating river
flooding. After determining these criteria, the riverside
zoning was done, which is the identification and
presentation of five groups for areas with different degrees
of risk. This is another innovation. Finally, the assessment
and zoning of the Shatt Al-Arab river overflow in the city
of Basra, which is a precious area in terms of agriculture,
population distribution, and port, was provided as the river
overflow risk map.

A gquantitative and interpretive analytical method were
used based on spatial data. It should be mentioned the
result of the study is completely applicable and can be
base for making the decision.

2. Implementation

There are seven types of landuse around the Shatt Al-
Arab, including commercial, military, wharf, park,
industrial, agricultural, and residential areas. According to
previous studies and the damage caused by past floods, a
distance of 500 meters around the river was studied to
determine landuses. In order to classify the river overflow
risk along the streamway, it is necessary to select the
appropriate index. Due to the direct effect of the geometric
dimensions of each section of the river on the capacity of
the passing water volume, the width and depth of the river
were selected as the two primary indexes. In addition, for
a more reasonable assessment, the product of width and
depth was used as the main index.

It was assumed that water flow filled the largest cross
section of the river, and then the overflow situation was
investigated in other sections. That is, that the largest
section is in the lowest flood risk category. Based on the
obtained results, the risk level of each of the landuses
around Shatt Al-Arab was found. All landuses along with
their area were classified into 5 quality categories: very
low, low, medium, high, and very high. Figure 1 shows
the zoning of the Shatt al-Arab route in terms of overflow
risk assessment.

3. Results and discussion

Risk assessment indicators computations  were
implemented in GIS environment and risk maps and
spatial analysis of landuses were prepared in statistical
tables and graphs. Spatial analytical methods using GIS
help managers' decision-making process and prevent river
overflow risk.

The numerical results show that a large part of the
region around the river has been used for agriculture, and
over 70% of them are in the category of medium to very
high risk. Floods damage agricultural land and make it
difficult to grow crops and provide food to surrounding
areas.

*Manuscript received: 30 November 2021; Revised, 29 January 2022, Accepted, 22 May 2022.
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Figure 1. Zoning of the Shatt al-Arab route in terms of flood risk assessment

The residential part is about 45 square kilometers and
about 38 square kilometers is between medium to very
high risk. In other words, among the existing landuses,
residential use has the highest level of sensitivity, so that
in most cases, the damage to it is irreparable.

The share of industrial use of the space adjacent to the
river is 2 square kilometers, all of which is in the medium
to the high-risk range. The flooding of industrial facilities
causes a lot of direct and indirect damage. Its straight
effect is the failure of industrial equipment due to flooding
and the indirect effect is the unemployment of people
working in factories and surrounding industrial towns.
Another landuse around the river with an area of about 2.8
square kilometers is the pier. Based on numerical analysis,
all areas are in the category of medium to high risk.

There is a park in Shatt al-Arab; it has been at a high-
risk level with an area of about 17 square kilometers. This
region is adjacent to water on all sides and requires great
care and continuous management before a crisis occurs.
Commercial landuse covers an area of nearly 6 square
kilometers and it has been in the category of medium-risk
level. Although this landuse is not in the high-risk
category, in the event of an overflow, the financial burden
of damage can be significant.

Finally, military landuse, due to its convenient
location, has very little risk at the time of the overflowing.
The results of this study indicate that GIS has played a
significant role, that is, as an effective tool in spatial
analysis.
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1- Introduction

Hydraulic conductivity is the ability of a porous medium to
pass fluid. As one of the most important characters of the
aquifer, it is useful in estimating groundwater flow velocity,
determining  contaminant  transport, and solving
geotechnical problems (Saha et al., 2016). Hydraulic
conductivity measurement methods are divided into two
main groups, based on Darcy's law and based on empirical
relationships using the pore or particle size or distribution
results. Darcy-based methods can be grouped into two
categories: laboratory and field. In laboratory methods,
hydraulic conductivity could be estimated by water flows
through a small sample of the desired material. Field
methods are divided into small-scale and large-scale
categories. In small-scale methods, the amount of hydraulic
conductivity in the saturated and unsaturated parts of the soil
is calculated with the help of various tools. The most
important large-scale methods include pumping testing and
tracing test. Pumping test is the most common method for
calculating the hydraulic conductivity of the aquifer from
the group of large-scale methods in which the values of
hydraulic conductivity and aquifer storage coefficient can
be obtained by observing the behavior of the water surface
around the pumping well. In some plains, it is not possible
to perform pumping and tracing tests since they are
expensive and time consuming. In these stations, the method
of experimental relations can be used to calculate the
hydraulic conductivity. Many researchers have worked to
determine the relationship between soil particle size
distribution and hydraulic conductivity (Hazen, 1892;
Slichtcher, 1899; Kazni, 1927; Carmen, 1937, 1956;
Crombin and Monk, 1942; Breyer, 1964; Terzaghi and
Pack, 1964; Musch and Danny, 1966). Vanke et al. In 2000
and seventeen studied 431 samples collected from different
sedimentary environments and proposed new equations for
calculating hydraulic conductivity. Razaz et al. (2014)
concluded that the hydraulic conductivity is strongly
influenced by the effective particle diameter in the grading
curves, by studying the samples with effective diameter of

0.05 to 0.83 mm and uniformity coefficient of 1.3 to 18.3.
Arfin and Ali Khan (2020) determined the hydraulic
conductivity of 25 soil samples using laboratory methods
and Hazen, Slaughter, Breyer, and Kazney-Carmen
equations. The results of this study showed that
experimental formulas are suitable for calculating the
hydraulic conductivity of soil with a wide range of particle
sizes. Tai Huang et al. (2017) obtained hydraulic
conductivity values for coarse, medium and fine-grained
sandy soils from experimental formulas, partial effective
porosity modeling and tracing experiments. The results of
this study showed that the values of hydraulic conductivity
obtained from the Kozney-Carmen relationship are 1.5 to
1.7 times the values obtained from the Hazen method. Also,
the difference between the values of hydraulic conductivity
obtained in the tracing method and the experimental
formulas was greater than the results obtained from the
model. The final result confirmed that the closer proximity
of the hydraulic conductivity of the model to the real
conditions. Saho and Saha (2016) compared the hydraulic
conductivity values obtained from the experimental
formulas (Hazen-Breyer relations) and the pumping test.
The results showed obvious differences in the values of
hydraulic conductivity from the experimental equations and
the pumping test.

2- Methodology

In the present study, an attempt has been made to calculate
the hydraulic conductivity of Asaluyeh Aquifer using the
experimental relationships based on the results of alluvial
grain size curve. The samples was obtained by drilling of 20
boreholes in Asaluyeh plain (Fig. 1). The plain is located in
a narrow zone formed between the Asaluyeh Anticline in
the north and the Persian Gulf in the south. The Asaluyeh
aquifer is composed of Quaternary sediments, where the
water table is located at a depth of 10 to 15 m and the general
direction of groundwater flow is from the north toward the
sea. The Asaluyeh Plain has been selected as a suitable
coastal area for construction of refineries of the South Pars
Gas Field. Therefore, understanding the hydraulic
conductivity of the aquifer is important for simulating the
groundwater flow and probable contaminant transport. To
do the research, in the laboratory, particle size distribution
test (by sieving for soils with particles larger than 0.07 mm
and hydrometers for smaller particles) was performed on the
samples. To do this, the soil sample was first washed to
remove clay and silt and then placed at a temperature of
about 105 ° C for 24 hours to dry completely.
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Fig. 2. Particle size distribution

In the next step, the soil lumps were eaten and the mass
of the sample was determined and then the soil sample was
passed through sieves. At the end of the sieving step, the
mass of residual soil on each sieve was measured. Also, the
silt and clay values of the samples were determined using
hydrometric testing. After determining the particle size of
the samples, Folk diagrams were used to determine their
type. Finally, the results of the granulation experiment were
displayed in a semi-logarithmic aggregation diagram in
which the figures for the cumulative percentage of particle
mass on the vertical axis and the particle size on the
horizontal axis were displayed. After plotting the particle
size distribution diagram, the required parameters for
calculating hydraulic conductivity were obtained using
experimental equations. In the next step, using the
experimental relationships, the values of hydraulic
conductivity were determined.

3- Result and discussion

The particle size distribution curve for the studied samples
is plotted in Fig. 2. Based on the Folk diagram, among the
samples, 10, 9 and 1 were classified respectively as sand-
mud gravel, gravel-mud sand and mud gravel types. Due to
the fact that the sediments tested are alluvial, so the variety
of particle sizes in them is high. The values of the uniformity
coefficient in most of the samples were a large number,
indicating the wide range of soil particle size changes.
According to Breyer method, the amount of hydraulic

conductivity of the samples was between -0.019 to 2.2 cm
per day. The values of hydraulic conductivity by Gustafson,
Kozney-Carmen, Terzaghi and Slicter methods are between
0.1 to 1.4, 0.38 to 4.3, 0.2 to 2.8, 0.17 to 1.9 cm,
respectively. The wide range of changes in hydraulic
conductivity can be due to the range of particle size
variability of samples from gravel to silt. Larger values of
hydraulic conductivity are associated with samples with
higher gravel and sand content, and lower values are
associated with samples with high clay content. In a
heterogeneous porous environment, such conditions can
cause the fine particles to fill the space between the large
particles and reduce the hydraulic conductivity.

4- Conclusion

The values of hydraulic conductivity obtained from the
experimental method for 20 studied samples vary between
0.1 to 4.3 cm per day, which is in the range of common
values of hydraulic conductivity of silt and clay. It seems
that the calculated hydraulic conductivities for the studied
samples were less than its actual value, since gravel and
sand was observed in all samples. It could be concluded that
the use of different experimental relationships to calculate
the hydraulic conductivity of aquifers shows different
results. Therefore, to validate the computational hydraulic
conductivity values, it is recommended to perform a
pumping test or slug test in the aquifer.
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K—(v) %X (8.3 x10 )x[(l_ 2 ]xd%0

. n=0.225(1+0.83%Y)
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(Kozeny_Carman)

K = hydraulic conductivity; g = acceleration due to gravity; v = kinematic viscosity;
n=porosity from empirical formula; d10= Diameter that 10% of the grains are smaller

than.

K=(%) x (6 x 10*)x[log ()Ixd? , Cu=3e

Breyer) ,, »

K= hydraullc conductivity; g = acceleration due to gravity; v = kinematic viscosity
Cu=Uniformity coefficient dio=Diameter that 10% of the grains are smaller than.

deo=Diameter that 60% of the grains are smaller than.

K= E (Cy)(S22)2,

1000 E(Cy)=(10.2 x 106)(_)(

(Cw)? -1 _deo
)( (€18 ), " dio

9(Cu)= (-

logCy

1+E/ 'g(Cy)2”’

Cu=Uniformity coefficient dio=Diameter that 10% of the grains are smaller than.

K=%.1x 1072 .n32%.d},,

n= 0.255(1+0. 83€w),

1 ygudliwsS

), E=08 (ZLn(Cu) (Cy)? —1) °
(Gustafson)

Co= deo (Slitcher) ol

dio

K = hydraulic conductivity; g = acceleration due to gravity; v = kinematic viscosity;
n=porosity from empirical formula; d10= Diameter that 10% of the grains are smaller

than.

Cu=Uniformity coefficient; dsp=Diameter that 60% of the grains are smaller than.

0.13
Co (. d

(Terzaghiy ;5

K= hydraullc conductlvity; g = acceleration due to gravity; v = kinematic viscosity;
n=porosity from empirical formula; d10= Diameter that 10% of the grains are smaller

than.

Ct= the sorting coefficient between 6.1x10-3 and 10.7x10°3, and the average value of

Ct, 8.4x10°3
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1. Introduction

Fatality caused by traffic accidents is a worrying problem
for the World Health Organization. According to the
statistics of this organization, more than 90% of fatalities
caused by traffic accidents occur in developing countries,
while 54% of the registered vehicles in the world are
located in these countries. Iran is the 18" most populous
country in the world, having one of the highest risks of
death caused by road accidents in the world, so that traffic
accidents cause the fatality rate of 32.1 per 100,000 people
in this country. Heavy vehicles play an essential role in
any country's economic development, especially
developing countries such as Iran; additionally, their
accidents have great importance in terms of other road
users' safety. According to the Road Maintenance and
Transportation Organization of Iran (RMTO), heavy
vehicles carry about 89% of goods per ton-kilometer. It is
a safe and reliable way of transporting goods that
positively impact the country's economy. Accidents of
heavy vehicles with light vehicles increase injuries to
drivers and passengers of light vehicles. Since Guilan has
a free zone and a port with suitable conditions for
commerce, heavy vehicles have heavy traffic flows on the
rural roads in Guilan province. Unique urban forms,
populated rural areas, and agricultural lands in Guilan
province cause many motorcycles and pedestrians to cross
the rural roads that put themselves in danger of severe
traffic crashes. This study aimed to investigate the
effective factors influencing the crash severity of heavy
vehicles on Guilan province rural roads.

2. The Study Area

The current study was conducted in Guilan province in
northern Iran. This province is limited to the Caspian Sea
and Azerbaijan from the north, Ardabil province from the
west, Zanjan and Qazvin provinces from the south, and
Mazandaran province from the east. Guilan has an area of
more than 14,000 square kilometers, and its population,
according to the official census in 2016, is more than 2.5
million people. Guilan is the tenth most populous
province in the country, and its density is 177 people per

square kilometer. The province consists of 16 cities and
2615 villages. Due to its geographical conditions and
having a water border with the countries of the Caspian
Sea, Guilan province has several ports as well as the
Anzali Free Trade Zone. This issue causes trade and
transportation of goods to be common in this province.
Moreover, agriculture is very prosperous in the province
due to the favorable weather conditions.

In this study, 3810 records of traffic accidents, including
fatal, injury, and property damage only (PDO) collisions
on rural roads, had been used registered in the traffic
police of Guilan province from 2014 to 2019. Data
include crash severity, time, day and season of a crash,
road surface conditions, road geometry, road lighting
condition, type of vehicle accident, driver age, driver
gender, and weather condition. The target variable in this
study is different levels of crash severity, initially divided
into three categories of injury, fatal, and PDO. Since fatal
crashes have a much less contribution than other crashes,
fatal crashes are combined with injury crashes, and the
target variable is divided into two categories of fatal-
injury and PDO crashes.

3. Results

The total number of independent variables was 16;
however, to create a logit model, the sub-variables were
required to enter the model separately to the effect of sub-
variables to be measured on the target variable. Therefore,
38 independent variables were defined for modeling the
severity of heavy wvehicle crashes using logistic
regression. Although, it was not possible to have all of
these variables together in the model due to the likely
correlation between the independent variables. Three
methods can be used to select the best combination of
variables: general entry of variables, forward step-wise,
and backward step-wise methods. In the general entry of
variables' method, since all variables are entered into the
equation simultaneously, the model does not have the
opportunity to process the data correctly and select the
most important variables. Therefore, it cannot be a good
method. For this reason, forward and backward step-by-
step methods were used to enter the data into the logit
equation.

The superior method is a method with more accuracy in
predicting the crash severity. The model results show that
the crash time in two time periods of 1 to 6 in the morning
and 19 to midnight increases the crash severity. The head-
on collision is one of the factors influencing the increase
in crash severity. In addition, the presence of a curve in
the road curvature, familiar drivers, a collision of the
motorcycle with heavy vehicles, collision with
agricultural vehicles increase the crash severity. In
contrast, the spring season, side-swipe collisions, clear
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weather, and truck collision with heavy vehicles reduce
the severity of injuries in accidents.

4. Conclusion

This study examined the effect of various factors on the
crash severity of heavy vehicles on rural roads in Guilan
province. The results indicate that accidents are more
severe in off-peak hours from 1 to 6 in the morning and
from 19 to midnight. One of the main reasons for this
issue is the lighter traffic flow of heavy vehicles during
the day. In addition, during off-peak hours, the rural roads
traffic volume decreases, which speeds up vehicles’
movement. The collision angle is one of the effective
factors on the crash severity so that head-on collisions
increase the severity and side-swipe collisions decrease
the crash severity. As it is known, head-on collisions
occur on undivided roads. The results show that the crash
severity is reduced on roads with a median. This problem
can be solved by improving the infrastructure of rural
roads in Guilan province. Motorcycles suffer the most
damage colliding with heavy vehicles. Motor drivers are
more vulnerable than other vehicles. Also, the collision of
a truck with a heavy vehicle reduces the crash severity.

Moreover, the results indicate that drivers’ familiarity
increases the crash severity. Some drivers are familiar
with the route and its characteristics, which can negatively
affect the driver's speed and attention accuracy. Also, the
climate factor is one of the influential factors, as the
results indicate that clear weather reduces the crash
severity. Higher surface friction of the pavement in dry
conditions can be a probable reason leading to better brake
performance and, consequently, reduced crash severity.
Another reason can be the drivers’ better vision in
favorable weather conditions.
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