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accuracy of the predictions is calculated by comparing the
predicted PCI values to the measured PCI values. Results
are presented in Table 1.

Table 1: Accuracy of proposed predicting model for the
modified data

Freeway Name R? MSE G
Tehran-Zanjan 0.57 | 158.66 | 0.161

Zanjan-Tehran 0.63 | 171.96 | 0.176
Zanjan-Tabriz 0.51 | 217.99 | 0.240
Tabriz-Zanjan 0.57 | 196.64 | 0.202
Kashan-Qom-Natanz | 0.71 | 233.80 | 0.256

As can be seen in Table 1, the values of the parameters
of correlation coefficient, total errors, and standard
deviation for different freeways are very close to each
other, which shows the similar behavior in the pavement
management system in the studied roads. On the other
hand, the average value R? is approximately 0.60, which
indicates the acceptable reliability coefficient of the
predictions.

In general, the following important results were
obtained:

e The results showed that the accuracy of measurement
and data processing in Iran is low and the measured data
requires careful control and modification;

e According to the results of the evaluations, it is not
possible to use the relations provided in different parts
of the world for the freeways in Iran. Specific conditions
in each country, including regional characteristics and
climatic conditions, the way of carrying out pavement
operations, schedule and different methods used to
repair and maintain pavement, the degree of adherence
to programs, and financial resources cause differences
in the quality of construction and maintenance of roads.
Therefore, the trend of changes in the values of indices
indicating the condition of pavement will be different in
each country. This will make the indicators different
from each other in different places and it will be
necessary to conduct case studies for the existing roads
in each region in order to determine the applied
relationships with higher accuracy and reliability.

Determining the value of PCI index using measured IRI

values can be very useful and many efforts have been

made in this regard, but studies show that there is no
strong mathematical relationship between IRI and PCI
indices. One of the most important reasons is that
although the two indicators indicate the general
condition of the pavement, due to the difference in the
calculation method and the constituent parameters, it is
not possible to establish a strong mathematical
relationship between them. The PCI index includes
longitudinal and transverse cracks, lizard skin cracks,
and damage such as tarring that may not cause
noticeable roughness at the pavement surface and
therefore will not have a significant effect on the amount

of IRl index. However, these failures can have a

significant impact on the value of the PCI index. It is

also possible that the amount of roughness in a piece of
pavement is high but the pavement surface is free of

cracking. In this case, the amount of unevenness has a
significant effect on the value of the IRI index; If it will
not have a significant effect on the value of the PCI
index.

o A5 degree prediction model was proposed in this study

to predict PCI value from IRI value by average R? of
0.60 that means the model can be considered desirable
and can be used in predicting conditions and decisions
in pavement management in Iran.
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1. Introduction

Reliable and accurate assessment of current condition of
the pavement network is one of the most important
components in a pavement management system. This
assessment is achieved through continuous visual
inspection of the pavement condition. For example, the
amount of cracking of the pavement surface can be
evaluated and the predominant failures of each part of the
pavement network can be recognized. Currently, driving
quality is considered as an essential element of pavement
performance and user satisfaction. One of the most
important parameters affecting the driving quality and
users' views about the level of road services is the level of
roughness of the pavement surface. The degree of
pavement roughness can be assessed by determining the
International Roughness Index (IRI). This index is equal
to the sum of the vertical movements divided by the
distance traveled by the navigation vehicle at a speed of
80 km/h. On the other hand, the PCI index is the most
widely used criterion for assessing the conditions of
pavement in  most countries. This index is a
comprehensive  criterion  for existing pavement
conditions, which is explained based on the observed
failures and their statistical analysis for pavement
sampling, and shows the structural integrity of the
pavement and the functional status of its surface. In this
index, 19 different types of failures with different levels
of intensity (low, medium, and high) are examined.

In recent years, various studies have been conducted to
link PCI and IRI indices. In 2019, Elhadidy et al. using
10868 pavement failure data, obtained the following
equation to determine IRI from PCI with R?=0.995:

@)

B 79.933
IRI'= (14.061 + exp(0.048 * PCI))

In 2021, Adeli et al. evaluated the relationship between
PCI and IRI indices for suburban routes using 600 km of
roads in Fars province with R?=0.59 to 0.76 for different
types of roads.

A review of the research shows that the proposed
models are based on limited databases only and do not
show a wide range of IRl and PCI values. Since the use of

these models for different roads is not reliable without
considering the characteristics of the region, it is
necessary to evaluate the proposed models to enable their
use for roads in Iran. So in this study, data on PCI and IRI
of five different freeways in Iran were studied and
numerical models between these two parameters were
reviewed and presented.

2. Data and Methodology

In line with the objectives of this study, IRl and PCI
values measured for three freeways in Iran, that is,
Tehran-Zanjan, Zanjan-Tabriz, and Kashan-Qom-Natanz,
were collected. This data included PCI values for 500 m
lengths and IRI values per 100 m road length. Therefore,
in order to compare the IRI values with the PCI of the
desired fragment, the average IRI of five consecutive data
was considered as the representative value of that
fragment (500 m). After modifying the input data using
the models presented in previous studies, the values of the
PCI index were predicted according to the measured value
of the IRI index. Then, the accuracy of the predictions
compared to the measured values of PCI index was
calculated. The results showed that Equation 1 has a
higher predictive accuracy than other relationships.

Since the process of construction and maintenance of
pavements is different in different parts of the world, the
process of pavement demolition, the type, and severity of
damage in different roads can also be variable.
Differences in the way pavement operations are
performed, scheduling and different methods used in
repair and maintenance, adherence to plans, financial
resources, climatic conditions and topography of the
region are among the effective parameters on how
pavements are managed and maintained in different
countries. Due to the special conditions of Iran in terms of
topography, climate, and technology, it is expected that
the process of road pavement demolition be different from
other countries. Therefore, it can be expected that the
predictions made using the proposed relations in other
countries are not accurate enough for the Iranian roads.
Therefore, to have an accurate prediction for Iran’s roads
pavement, we must provide an accurate model based on
the conditions of pavements in Iran roads.

3. Results and Conclusion
According to the Iranian freeways pavement date used in
this study, a 5 degree prediction model is proposed, which
is presented in Equation 2.

PCl= -0.4609 IRI® + 8.691 IRI* - 61.26 @)
IRI®+199.4 IRI? - 319.8 IRI + 292.7

Using the proposed relationship, PCI values were
predicted according to the measured IRl value. The
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4. Modeling the samples

In order to investigate the effects of slot shape and
position on shear wall, the configuration variables are
selected as B1/B, B2/ B, H1/H, slit width, strip width,
and end stiffener's cross section. The dimensions of the
steel sheet are considered to be 850 x 550 x 1010 mm.
When changing one parameter, others are assumed to
remain constant in order to examine their effects. The
following 15 models are reviewed, with the details in
Table 1. The first 5 parameters indicate the slot position
and in general the configuration of the steel sheet, and
the last case describes different end stiffeners.

5. Comparison of results

In this section, key parameters of cyclical behavior
including initial stiffness, ultimate strength, and amount
of energy dissipated are examined. For this purpose, it
is necessary to prepare the idealized force-displacement
curves of the structures from the push diagram. This is
done using the FEMA356 guidelines.

The comparison of the results of the proposed steel
wall with inclined slots and the ordinary steel plate shear
wall with the same dimensions indicates that despite the
reduction of strength and initial stiffness in the slotted
sample, this wall has a more favorable cyclic behavior
and has the ability to dissipate more energy and perform
better at drifts above 2%. The behavior of the slit steel
wall was studied by defining 3 seismic parameters.
According to Figures 4 to 6, by changing these items,
the seismic parameters can change accordingly.

Table 1. Details of modeled samples

Number [ Type Model
1 1-Base
2-Width-165
width |3-Width-55
4-Side-27.5
5-Side-82.5
6-Heigth-101
7-Heigth-151.5
8-Strip-35
9-Strip-65
10-Slit-12.5
11-Slit-7.5
12-Box-50
13-Box-100
14-UNP-50
15-UNP-100
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According to the results, changing the location of the
slots in the samples can change the ultimate strength and
initial stiffness by 19 and 25%, respectively.
Furthermore, using end stiffeners with higher moment
of inertia is one of the most effective ways to increase
energy dissipation. For example, using Box100 cross-
section as a stiffener has more than doubled energy
dissipation compared to the basic sample.
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1. Introduction

The main goal of civil engineering is finding new and
efficient ways for protecting structures and equipment
inside them against natural forces. In the past decades,
many researchers have worked to offer appropriate
methods for protecting structures. Steel Plate Shear
Walls have been considered a lateral load-resistant
system in the last three decades in the world. In this
study, the behavior of slit steel shear walls is
investigated. The purpose of creating slits in the steel
shear wall is to dissipate more energy and concentrate
damage in the steel sheet as well as to protect other
elements, particularly gravity load-bearing ones. Due to
the occurrence of the tension field, one of the drawbacks
of steel plate shear wall system is the application of large
forces by the steel sheet to the boundary members,
causing these members to enlarge. The implementation
of regular holes, the slits of different shapes, and the use
of lower-capacity steel for the sheet have been suggested
as solutions to this problem.

The main purpose of this study is to numerically
investigate the effect of the shape and position of
inclined slits on ultimate strength, initial stiffness, and
energy dissipation of slit steel plate shear wall. For this
purpose, numerical models are prepared using Abaqus
software. However, to ensure the accuracy of the model,
the results obtained should be compared with the results
of existing analytical or experimental researches. To
validate the modeling in Abaqus software, two
experiments are presented below.

2. Validation

The slit steel wall was modeled using Abaqus software
version 6.14. The wall was modeled using the S4R shell
element, which is a general four-point element with
reduced integration, having three degrees of transient
freedom and three degrees of rotational freedom. Figure
1 compares the results of numerical modeling performed
with Abaqus software and the results of a 2009 study by
Vian et al.

Force (kN)

Displ-:g:menl(mm)
Figure 1. Comparison of the cyclic curve obtained from
the numerical model and the experimental work by Vian
et al. (2009)

Another study used to validate the simulation was
performed by Lou et al., which contains a steel sheet that
is attached to two end stiffeners.

150
— ABAQUS
- - - Exprimental

100

Base Shear (kN)

Drlgt(%) !
Figure 2. Comparison of the cyclic curve obtained from
the numerical model and the experimental work by Lou
et al. (2018)

Figure 2 compares the cyclic curve obtained from
modeling with that from an experiment conducted by
Lou et al. The difference between the base shear is about
3%. As a result, the comparison indicates good
consistency in results.

3. Using inclined slots in steel plate shear wall

This study investigates numerically the effect of using
inclined slots in steel shear walls. The idea of using a
45-degree slot in steel shear walls has already been
explored in other studies, including two papers by Jin et
al and Wang et al. According to Wang et al., the use of
inclined slots relative to vertical ones causes greater
expansion of surface yield, maximum use of sheet
capacity, and greater energy dissipation due to operating
truss elements in tension and compression. In a steel
shear wall with vertical slots, the yielding surface and
plastic joint usually appear just on sides of the strip. The
steel wall in Figure 3 has two rows of inclined slots with
equal distances. This type of shear wall is comparable to
inverted-V-bracing as a lateral resistance system.
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Figure 3. Steel plate shear wall with suggested inclined
slots
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3. Results and Conclusion

The examination of the pedestrians behavioral

characteristics in pedestrian facilities showed:

» The highest values of the 15" percentile in both normal
and rainy weather conditions belong to men in all
pedestrian facilities. However, women especially
women with hijab walk at a lower speed in all
conditions, and also they have the lowest values of the
15" percentile.

* The speed of pedestrians on the sidewalks and when
crossing the width of the passages is equal to each other
and have very low values compared to crossing the
intersections. Moreover, the lowest speed among all
pedestrian facilities in both normal and rainy weather
conditions belongs to the sidewalk. Perhaps the reason
for this is the special design of sidewalks with pedestrian
priority, as well as the placement of sidewalks in tourist,
recreational or shopping areas.

» With 95% confidence level in middle-aged and older age
groups, the difference in speed between women with
hijab and other women is statistically significant and
hijab has an effect on people speed. In other words,
women with hijab compared to other women, men and
platoon movements have the lowest speed values.
Therefore, it is not possible to predict which people will
cross the definite area over a period of time with what
type of cover; Therefore, it is better to be considered the
type of cover for designing woman walking facilities.

* Among the various models obtained using linear and
nonlinear regression methods, for all pedestrian
facilities, the flow-density rate model has the highest
prediction accuracy;

» The accuracy of the developed models for different
facilities including sidewalks, and pedestrian malls,
intersections without signals and with signals using the
genetic algorithm is equal 0.9451, 0.9062, 0.9822 and
0.9938, respectively.

* Genetic algorithm for all types of pedestrian facilities is
more accurate than regression model for predicting
pedestrian flow; Therefore, this method can be
introduced as the best methods of modeling to predict
pedestrian behavior.
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1. Introduction
The role of transportation in various economic, social, and
political dimensions of today's societies is clear. The
transportation is one of the main pillars of sustainable
development in human societies. Among the
transportation modes, walking is considered as one of the
most common modes. walking is one of the most
important aspects of human presence in urban spaces,
which causes the vitality and dynamism of these spaces
and also increases their social role. The pedestrian flow
modeling can be the background for designing the optimal
facilities to make a city pedestrian. The pedestrian
behavior is influenced by the variables such as speed,
density, and flow rate, which under the influence of age,
gender, weight, individual or group of pedestrians, and
even the type of cover can lead to different behaviors.
Therefore, before designing pedestrian facilities,
pedestrian traffic parameters such as speed, density, flow
rate, movement, capacity of the definite zone and also
pedestrian behavioral parameters such as type of
coverage, age, weight, gender, etc. should be examined.
Previous studies have shown that these studies classify
into three categories: macro, intermediate and micro. All
the researchers have evaluated the pedestrians flow under
the influence of specific parameters. Therefore, in this
study, along with examining the pedestrians behavior and
collecting the related parameters such as speed, density,
and flow rate, pedestrian flow will be modeled at
intersections and pedestrian facilities. The developed
model can be used to predict the pedestrians behavior
more accurately than other models.

2. Data and Methodology

The required data were collected in the present study in
Rasht. In order to collect pedestrians’ data to model their
flow, the most important and crowded pedestrian facilities
in the city were selected and the facilities were filmed.
These facilities were selected from more than 50 places in
Rasht. Then, by specifying a fixed section per unit length
(meters) in the recorded images and also the duration of
each crossing in this specific section, the walking speed
of each pedestrian was extracted. In order to conduct the

survey, due to the peak of pedestrian crossings in the
selected places, the peak time of 17 to 20 in the early
spring was selected. The time chosen for the survey was
due to the clear weather, the saturation of the pedestrian
flow, and the peak time of the pedestrian flow. Finally,
10,210 pedestrian data were prepared for use as modeling
data.

One of the methods used for modeling in this study is
regression model. In this model, the aim is to obtain a
mathematical correlation between one or more
independent variables and a dependent variable in order
to predict the dependent variable using the independent
variables. In regression equation, there is one independent
variable and one dependent variable, which in the
multivariate regression equation, the number of
independent variables is more than one. In this study, by
drawing a distribution diagram and fitting the curve in
Excel and SPSS software and using regression method,
the required equations were extracted.

Moreover, the meta-heuristic algorithms as an
approximate optimization algorithm that have solutions
for exit from local optimal solutions, were used.

To develop these models, first based on the people
number crossing the definite length of the sidewalks and
pedestrian malls per minute obtained from the recorded
images, the flow rate (v) was determined at survey in the
pedestrian facility. After that, using a stopwatch, the
people walking time was determined for all pedestrians.
Then, by dividing the distance traveled of the people by
their walking time, the people speed (S) was obtained.
Finally, using the relation (v=SxD), the density (D) for
each minute were calculated. Three methods of linear and
nonlinear regression and genetic algorithm were used to
model the obtained relationships.

Different methods of modeling the flow of pedestrians
on sidewalks and pedestrian malls in Rasht are shown in
accordance with Table 1. As can be seen from these
results, the accuracy of the genetic method is higher than
the regression method. Therefore, the metaheuristic
algorithms have a higher accuracy for modeling
pedestrian behavior.

Table 1. Comparison of the models results

Type of facility Type of model R?
_ regression 0.9103
Sidewalk methods
genetic algorithm 0.9451
_ regression 0.9082
Pedestrian mall methods
genetic algorithm 0.9062
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Figure 1. TSR of asphalt mixtures containing the anti-
stripping additive

Figure 2 shows the resilient modulus of mixtures
containing various additives under wet and dry
conditions. According to this figure, the use of anti-
stripping additives, creating a strong chemical bond
between bitumen and aggregates, and creating a
hydrophobic surface by increasing the amount of work of
adhesion and cohesion increased the resilient modulus
under wet and dry conditions. This increase in the
resilience modulus value for the mixture containing G in
the dry condition and the mixture containing W in the wet
condition are about 59.7% and 156%, respectively.
Changes in the resilient modulus ratio for different asphalt
mixtures showed that the resilient modulus ratio (RMR)
and indirect tensile stress ratio (TSR) had a similar trend
and anti-stripping additives had a positive effect on the
moisture resistance of asphalt mixtures.
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Figure 2. Resilient modulus of asphalt mixtures containing
anti-stripping additives

Figure 3 shows the fracture energy and flexibility index
value for asphalt mixtures containing anti-stripping
additives. According to this figure, by adding anti-
stripping additives, because of increasing the amount of
adhesion and cohesion energy between bitumen and
aggregates due to their chemical properties, the amount of
energy required for breaking the samples made with these
additives is increased (increment values: 18.7%, 49.6%
and 24.6% for G, TG, and W, respectively). Moreover,
modified asphalt mixture with anti-stripping agents
increased the flexibility index and improved the cracking
resistance of the modified asphalt mixtures.
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Figure 3. Fracture energy and flexibility index values for
asphalt mixtures containing anti-stripping additives

4. Correlation analysis between the results of
mechanical performance tests

The correlation analysis between the results of
mechanical performance tests of asphalt mixtures showed
that there was more correlation between the performed
tests, so that the correlation coefficient between the
parameter of indirect tensile strength ratio and resilient
modulus under wet and dry conditions (TSR and RMR)
with 0.974 has the highest correlation between different
parameters of mechanical tests.

Table 3. The results of bivariate correlation analysis on
various mechanical performance tests

FN TSR RMR FE Fl
FN 1
TSR | 0.9578 1
RMR | 0.8726 | 0.9740 1
FE 0.9051 | 0.7482 | 0.5826 1
FI 0.7582 | 05496 | 0.3841 | 0.9194 1
5. Conclusion

The mechanical tests showed that all additives used in this
study increased the moisture resistance, rutting resistance,
and crack resistance of asphalt mixtures. Asphalt mixture
containing TeraGrip compared to other additives used in
this study showed the higher resistance to rutting and
cracking, resulting in a 43% increase in rutting resistance
and 49.6% in crack resistance. Moreover, asphalt mixture
containing WETMUL-950 showed a 25% increase in
resistance to moisture damage (i.e., the highest resistance
to moisture susceptibility among the various additives
used in this study).
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various methods, including resilient modulus, dynamic
creep, semi-circular bending fracture test, and indirect
tensile strength tests. Furthermore, correlation analysis

Evaluation of Mechanical Properties of Asphalt
Mixtures Containing Anti-Stripping Additives
of GRIPPER® L, TeraGrip and WETMUL-950
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1. Introduction

Moisture susceptibility is one of the common pavement
damages that may occur due to reduced adhesion between
bitumen and aggregates and reduced cohesion in the
bitumen structure. Separation, displacement,
emulsification, and environmental effects are among the
various factors that cause stripping. To evaluate the
stripping and moisture susceptibility of asphalt mixtures,
various methods and experiments such as modified
Lottman (AASHTO T283), Wheel Track test, resilient
modulus, energy methods based on the theory of surface
free energy between bitumen and aggregate have been
used by some researchers.

Moisture susceptibility of asphalt mixtures can be
affected by factors such as type and chemical properties
of bitumen, bitumen aging rate, type and grading of
aggregate, mixing temperature, compaction temperature
of asphalt mixtures, etc.

Infiltration of moisture into the asphalt mixture can
reduce durability, increase stripping, and cause damages
such as rutting and cracking. To increase the durability
and resistance to the moisture of asphalt mixtures, anti-
stripping additives, hydrated lime, and polymer have been
the focus of many researchers in the asphalt industry. The
addition of anti-stripping liquid increases the resistance to
moisture susceptibility and stripping of asphalt mixtures
by changing the surface properties of aggregates and
improving the adhesion between bitumen and aggregates.

Although anti-stripping additives can increase the
resistance of asphalt mixtures to stripping, they can have
different effects on other parameters and mechanical
properties. Therefore, understanding the behavior of anti-
stripping additives in asphalt mixtures and their effect on
mechanical properties is an essential prerequisite for
making asphalt mixtures resistant to stripping and other
failures such as rutting and cracking.

2. Experimental program

In this study, the effect of three different types of anti-
stripping additives (i.e., GRIPPER, Tragrip, and
WETMUL-950) on the mechanical properties and
durability of asphalt mixtures were evaluated using

between the results of performance tests was conducted.
Table 1 describes the physical properties and the dosage
of anti-stripping used in this research.

Table 1. Physical properties of the used additives

Additive 1D Content | Physical properties

Physical state: liquid

Color: yellow

Viscosity (20°C): 2.5 Pa.S

Density (gr/cm® at 20°C): 1.02
Softening point: more than 150
Physical state: liquid

Color: Honeyed

Density (gr/cm® at 20°C): 0.94-0.96
Softening point: more than 150
Physical state: liquid

Color: brown

Density (gr/cm® at 20°C): 0.94-0.96
Solubility in water: Not soluble
Solubility in hydrocarbons: soluble

GRIPPER

)
®L G 0.4 %

TeraGrip TG 0.4 %

WETMUL

950 W | 05%

3. Results and discussion

Table 1 shows the flow number (FN) value of asphalt
mixtures containing various anti-stripping agents. Anti-
stripping agents have increased the flow number of
asphalt mixtures, which can create a strong bond between
bitumen and aggregates and enhance adhesion work
between them. Thus, the addition of anti-stripping agents
has increased the rutting resistance of modifies asphalt
mixtures.

Table 2. FN value of different asphalt mixtures

Base G TG W
FN 228 276 325 318

Additionally, using G, TG, and W agents as anti-stripping
additives increased resistance to moisture susceptibility.
The highest increase in the ITS ratio for asphalt mixes
containing W is by about 25.2%. According to previous
studies, to evaluate the moisture susceptibility of
different asphalt mixtures, a TSR of 80% is the threshold
(Figure 1).
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1. Introduction

In dam site studies, the study of permeability and joints
and hydrogeomechanical behavior is one of the basic
requirements of the exploration stages. Due to the
complexity of geological conditions, measurements of
hydrogeological data such as hydraulic conductivity and
conductivity may indicate significant uncertainty.
Accordingly, estimation and  simulation  of
hydrogeological data are performed by different methods.
Geostatistical methods have been widely used for
estimating aquifer hydraulic parameters and investigating
the uncertainty of hydrogeological and geotechnical
parameters. One of the methods for modeling the
geometry of permeable layers is the use of geostatistical
simulation. In Fars province, Tangab Reservoir Dam
provides part of the irrigation water of Firoozabad plain.
The water balance calculations by Fars Regional Water
Company and previous studies show that a large part of
the reservoir water escapes through parts of the dam
supports. Therefore, the question that arises is that
geologically, which areas around this dam, the potential
for water escape, is high. An attempt was made to answer
this question by examining the spatial continuity of the
data of Lugeon variables, RQD and cementing of
exploratory boreholes, and finally the geostatistical
simulations of the mentioned variables in the study area.

Tangab Dam is located in 90 km south of Shiraz and on
the Firuzabad River. This dam is in the Zagros zone (the
Podenow anticline). This anticline is mainly composed of
Asmari (Oligomyocene) calcareous Formation and is
surrounded by Razak Formation and Pabdeh Gurpi
Formation (Paleocene-Oligocene).

2. Method
In this study, geostatistical studies were performed on

Lugeon data, RQD and cementing of exploratory wells in
the vicinity of Tangab Dam, which include: exploratory-
spatial analysis of data, declassification of data, histogram
or box diagrams of various variables, investigating
changes in variables at different altitudes, investigating
the possible relationship between different variables using

scatter plots, preparing mapping maps and investigating
the presence or absence of possible anisotropy and finally
geostatistical modeling (using Isatis geostatistical
software) Gaussian simulation.

3. Results

The variables of RQD, Lugeon, and cementing have high
variation in different elevations. According to
omnidirection variograms, the spatial continuity of
cementing estimated 100 m while pursuant to directional
variograms for RQD and Lugeon ranged between 200-
400 and 40-160, respectively.

4. Conclusion

According to the simulation maps in two locations in the
center of the dam reservoir and northwest of the dam,
areas with high permeability were identified. Therefore,
there is a potential for water to escape in these places. The
study of faults in the study area also showed that the
density of faults is higher on the right side of the dam,
therefore, the presence of faults can increase the
permeability of rock units.
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PSO-SVM is more accurate than the neural network after
propagation.

The prediction values of the number of accidents of
PSO-SVM method and post-diffusion neural network are
compared. The general trend is declining from 1991 to 1995,
but the number of accidents has increased until 1997. It is
clear that the random nature of the crash data is seen in both
methods, and it cannot be said that one of the models always
reports more or less values than the counted data. According
to Figure 1, it is stated that the trend of changes in casualties
is almost similar to the number of accidents, but, the number
of injured people is almost constant until 1995, after which
it takes an upward trend. We can see the superiority of the
PSO-SVM model over the neural network, where the values
of the orange graph are closer to blue than the gray graph.
For example, in 2012, the SVM output reports 120,000
crashes, of which the numbered counter is 118,000, while
the neural network reports 130,000 crashes, with a
difference from the observed values. Another point is that
the models show more fluctuations than the observed data.
By adjusting the mentioned models and reducing the
fluctuations, higher accuracy models can be created.
Considering that the amount of error in the data related to
the number of the injured is less than the data on the number
of accidents and the number of casualties, this category can
be considered as the result of more data. The more data the
models have, the better they can be matched to the counted

values.
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Figure 1. Comparison of number prediction values a)
Accidents, b) Losses, c) injured, Between PSO-SVM and
neural network after diffusion



Journal of Ferdowsi Civil Engineering, Vol.34, No.4, 2021.

Predicting Traffic Safety using PSO-SVM
Method and Back Propagation Neural

Network
Mahmoud Ameri ! Hamid Bigdeli Rad?
Hamid Shaker? Amirhosein Ameri*
Seyed Amir Saadatjoo’ Saeed Fatemi®
Seyed Ali Ziaee’

1. Introduction

SVM is one of the supervised (labeled) learning methods
used for classification. This method is one of the relatively
new methods that in recent years has performed well
compared to older methods like perceptron neural networks.
The particle swarm optimization method is a computational
method that optimizes the problem with repeated efforts to
improve the candidate solution according to the assumed
quality criterion. A search space is moved by simple
mathematical formulas to calculate the position and velocity
of a particle.

In recent years, with the improvement of road
construction and the increase in the presence of mobile
ambulances and the use of different routes, the rate of traffic
accidents has had a relatively declining trend. It is important
that traffic safety planning be determined by predicting
traffic accidents based on safety data from past years. In this
study, the aim was to cover the weakness of neural networks
by combining PSO- SVM as a new method and increase the
accuracy of calculations. Therefore, the method was used
for the first time on a large volume of data in Iran. This
model has been implemented for all three cases of number
of accidents, number of casualties and number of injured.

Among the effective factors in the model according to other

studies are speed cameras, number of roadside assistance
centers, population, person-kilometer displacement, and the

ratio of passenger cars to Bari.

2. Method

This study proposes a new approach that combines particle
swarm optimization and support vector machine (PSO -
SVM) to predict traffic safety. First, factors affecting traffic
safety {(x;,y;)}I and evaluation indicators are analyzed.
Then the traffic safety forecasting model is developed by
PSO- SVM according to the effective factors. Data related
to traffic safety in the country (including the number of
accidents, casualties, and injuries) from 1997 to 2018 are
used to investigate the ability of predicting the proposed
method, in which data from 1997 to 2011 are used as
educational data and data from years 2012 to 2018 are used

as test data.

3. Discussion and Conclusion

Observation of the values between the mean percentage of
absolute error (MAPE) between PSO-SVM and the post-
diffusion neural network shows that the absolute mean error
values for the number of accidents with the PSO-SVM
method and the post-diffusion neural network are 0.0281
and 0.0498. Also, the number of casualties reported by the
PSO-SVM model and post-diffusion neural network are
0.0343 and 0.05610, and the absolute mean error values for
the number of casualties reported by the PSO-SVM model
and neural network are 0.0261 and 0, respectively. The

number 0.0452 indicates that the traffic safety reported by
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