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Determination of Equivalent Passenger Car Unit for Motorcycles, Buses and Minibuses at
Urban Signalized Intersections in lran,
Case Study: Isfahan and Yazd City

M. Dehghanizadeh M. Fallah Tafti

Abstract At present, the Equivalent Passenger Car Unit (PCU) values, proposed by other international
guides, are used in the design and analysis of signalized intersections in Iran. It is likely that this would
produce a negative impact of the accuracy of capacity analysis used for these intersections as the geometric
design, behavioral attributes and vehicle characteristics are different here. Hence, it was decided to
estimate the PCU values for buses, minibuses and motorcycles at Iranian signalized intersections using a
multiple linear regression in this study. The required field data was collected from 9 intersections located
at Isfahan and Yazd cities and the regression analysis was then performed on the data using SPSS software.
Thereby, the PCU values for the motorcycles, minibuses and buses were obtained as 0.46, 1.45 and 2.53.
Finally, an overall average PCU value of 2.13 was obtained for the heavy vehicles. The results could be
used as the best estimate of PCU values for the similar Iranian signalized intersections.

Key Word Passenger Car Unit, Signalized Intersections, Multiple Linear Regression, Intersection
Capacity.
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Eco-Friendliness Evaluation of Separating Wall Systems in Iran

Using TOPSIS Method
H. Madadi Ghollehzou M.Tavakkolizadeh S. Danesh

Abstract: Environmental protection is one of the most important factors of sustainable development, so
that the political and economic growth of countries, regardless of it, is worthless. Considering the role
and position of separating walls in construction, the present study, has investigated the environmental
effects of common separating wall systems in Iran. For this purpose, seven environmental parameters
including: Energy Consumption in Construction Process, Consumption of Important Resources and Raw
Materials, Water Consumption in Construction Process, CO; Production Due to Energy Consumption in
the process of construction, the amount of thermal resistance of the walls, the amount of waste produced
by the implementation of the walls and the beauty of the walls are considered as evaluation criteria.
Regarding these criteria and using the TOPSIS method, this study evaluates the five most common
separating wall systems in Iran and determine the most compatible eco-friendly system. Five different
types of walls, including solid clay (SC) bricks, hollow clay (HC) blocks, autoclaved aerated concrete
(AAC) blocks, three-dimensional (3D) sandwich panels and gypsum boards were investigated in this
regard. The results show that according to experts, among the mentioned criteria, the criterion of "water
consumption” with a relative value of 0.195 is the best and the criterion of "beauty" with a relative value
of 0.049 is the least important. Thus, the results of this study, on the basis of all criteria, showed that the
gypsum board has the most and the 3D sandwich panels has the least environmental compatibility.

Key Words Eco-Friendly, Environmental criteria, Separating Wall Systems, TOPSIS Method.
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Evaluation of Soil Liquefaction Potential Due to Earthquake using Intelligent
Classification Algorithm in Orange Software

H.Fattahi F.Jiryaee

Abstract One of the possible consequences of earthquakes in saturated areas is soil liquefaction
and as a result the failure of foundations of buildings, types of infrastructure, bridges and many
other disasters. In this study, in order to evaluate the potential of soil liquefaction on 79 samples
from China Tangshan Earthquake Database, several intelligent classification models were
constructed with the help of Orange software. Therefore, the performance of 5 intelligent
classification methods (Logistic Regression, Artificial Neural Network (ANN), Support Vector
Machine (SVM), K-fold Nearest Neighbor (KNN) and Random Forest) were compared based on
different criteria. The results showed that SVM, ANN and Logistic Regression methods have a
high ability to predict soil liquefaction class and among them the Logistic Regression method
with AUC index (0.98) was selected as the best method. In addition, the study of the effectiveness
of variables using three criteria of Information Gain, Information Gain Ratio and Gini Index,
indicates that the variable measured CPT tip resistance is the most effective variable and is the
first priority. The variables of cyclic stress ratio and peak acceleration at the ground surfaceare
also important features.

Key Words: Earthquake, liquefaction, intelligent classification algorithms, Orange software
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Improvement the Behaviors of a Clay Soil Contaminated with Phenanthrene by
Using MgO

M. Amini A. Raeesi Estabragh J. Abdollahi Ali Beik

Abstract In this work, the effect of MgO on the treatment of a natural and contaminated clay soil with
phenanthrene was studied through conducting various experimental tests including Atterberg limits,
standard compaction, uniaxial compressive strength (UCS), and SEM tests. The contaminated soil was
prepared artificially in the lab. Natural and contaminated soil were mixed with 5, 10, 20, and 30% of MgO
as an agent. The results showed that phenanthrene changes the structure of the soil and causes a reduction
in Atterberg limits, wop, UCS, and Esp of the soil. The results also indicated that the UCS and Eso of mixture
natural and contaminated soil with different percentages of MgO are increased and the amount of
increasing of them is dependent on the percentage of MgO and curing time. SEM results also showed that
the formation of carbonation products due to hydration of MgO is effective in increasing the strength of
treated soil samples.

Keywords: MgO, Phenanthrene, UCS, SEM.
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Identifying the Factors Affecting Vehicles Red-light Running at Traffic Light Intersections (Case
Study: Rasht Metropolis)

I. Bargegol S. Hassanjani S. Fatemi S. A. Saadatjoo

Abstract Despite the growing trend of car use in cities, a significant part of the users of city roads is
drivers. Level-crossing intersections are a common passageway for pedestrians and vehicles, and due to
the large volume of traffic in these areas, the slightest irregularity in the flow of traffic causes a severe
reduction in the capacity of the intersection. Violation of red lights by drivers is one of the problematic
factors in traffic light intersections and the occurrence of traffic accidents for pedestrians. The present
study aimed to identify the factors affecting this phenomenon, by combining a set of data observed from
101 vehicles, demographic variables such as age, gender, coverage, and weight of drivers were examined
as possible parameters affecting red light violation. The results were evaluated by statistical tests to
determine the significance of the effect of each variable. Examination of each of the behavioral indicators
showed that red light violations were consistently related to age, gender, and clothing, and weight.

Key Words Traffic light intersection, Red light, Red light running, RLR.
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Prioritization of traffic congestion control strategies in metropolitan areas,
case study: Mashhad

M. Kadkhodaei S. A. Ziaee R. Shad

Abstract Increasing traffic congestion in urban thoroughfares will have detrimental negative effects such
as increasing air pollution, increasing fuel consumption and increasing road user dissatisfaction. General
strategies for controlling traffic congestion can be divided into three parts, which are: creating a restricted
traffic area, turning traffic plan, and traffic congestion pricing. In the present study, the mentioned
strategies were prioritized using the combined Delphi method and Analytic Network Process (ANP). The
metropolis of Mashhad was also selected as a case study in this study. Based on the results, the traffic
congestion pricing strategy with a score of 0.484 was recognized as the best traffic congestion control
strategy in metropolitan areas. The strategies of the turning traffic plan and the creation of a restricted
traffic area also gained the second and third priorities, respectively, with a slight difference. The indicators
of the travel cost, using of public transportation and single-occupancy car traffic were also recognized as
the most important indicators affecting the evaluation and prioritization of traffic congestion control
strategies, respectively.

Key word Traffic Congestion Control, Traffic Congestion pricing, Urban Transportation, Delphi Method,
Analytic Network Process (ANP).
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according to Table 1 using the Delphi method.As
can be seen, the sub-criteria of car accidents,
pedestrian and bicycle accidents, and noise
pollution were removed from the initial sub-
criteria. As a result, the safety criterion was also
removed from the evaluation criteria.

Table 1. Criteria and sub-criteria for evaluating traffic
congestion control strategies in metropolitan areas

Initial criteria Inm_al s_ub- Average Acqept/
criteria scores Reject
Travel time 0.93 Accept
Social Travel cost 0.80 Accept
comfort
Accessibility 0.76 Accept
Using of public 0.79 Accent
transport ' P
. Single-
Traffic occupancy 0.85 Accept
performance | yehicles traffic
I_Z)erl_ng 0.74 Accept
violations
Operating speed 0.76 Accept
Car crashes 0.50 Reject
Safety ;
Peqestrlar) and 0.65 Reject
cyclist accidents
. Air pollution 0.74 Accept
Environment - - -
Noise Pollution 0.61 Reject

Using of public
transport

Accessibility

Driving
violations
Operating

speed

Single-occupancy
vehicles traffic

Air pollution

Figure 2. Considered Dependencies between the elements
of the decision

The existing dependencies between the
evaluation sub-criteria were identified based on
the experts' opinions according to Figure 2. Then,
by performing pairwise comparisons of decision
elements based on experts' opinions and extracting
the final matrices of pairwise comparisons in the
Analytic Network Process (ANP), the initial
weights of decision elements were determined and
entered into the initial supermatrix. Then, the
weighted supermatrix and the limited supermatrix
were calculated by the Super Decisions software,

and the final weights of the decision elements
were determined by the limited supermatrix. After
normalizing the final weights of the decision
elements, the sub-criteria and evaluation
alternatives were ranked according to Figure 3 and
Figure 4, respectively.

OTravel cost

OUsing of public
transport
O Single-occupancy

L)
6%
vehicles traffic

OOperating speed

O Travel time
@ Accessibility

m Driving violations

mAIr pollution

Figure 3 Ranking of sub-criteria of traffic congestion
control strategies evaluation in metropolitan areas

Creating a restricted -
traffic area 0.257
Turning traffic plan (even - 0259
and odd) .
Traffic congestion pricing _ 0.484

0.000.100.200.300.400.50 0.60

Figure 4 Prioritize traffic congestion control strategies in
metropolitan areas

4. Conclusion
Based on the research conducted in this article,
the following results were obtained:

- The most appropriate traffic congestion
control strategy in metropolitan cities is the
traffic congestion pricing strategy. The
strategies of turning traffic plan (even and odd
plan) and creating a restricted traffic area were
also in the second and third priorities,
respectively.

- The final score of the turning traffic plan
is almost equal to the final score of the plan of
creating a restricted traffic area, which
indicates the inefficiency of the turning traffic
plan (even and odd plan) in controlling traffic
congestion in the metropolis of Mashhad.

- The indicators of travel cost, using of
public transportation, and single-occupancy
vehicles traffic were recognized as the most
important effective indicators in evaluating
traffic ~ congestion  control  strategies,
respectively.
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1. Introduction

Today, one of the most important issues in urban
management is controlling traffic congestion and
reducing its negative effects, especially in the
central areas of cities. Traffic congestion control
strategies can be divided into two general
categories: strategies based on increasing supply
and strategies based on reducing demand.
Demand-based strategies take precedence over
supply-based strategies. The main methods of
implementing policies based on reducing traffic
demand that has been used so far in different cities
of the world are: creating a restricted traffic area,
traffic congestion pricing, and turning traffic plan
(even and odd plan). The purpose of this study is
to identify and rank the effective criteria for
evaluating traffic congestion control strategies in
metropolitan areas and to rank these strategies
based on the selected criteria. The study area in
this study is the metropolis of Mashhad.

Selecting the initial
criteria

!

Determining effective

Selecting the experts

criteria using the
Delphi method

Pairwise comparisons
of evaluation criteria

Pairwise comparisons of

T evaluation alternatives
and sub-criteria

Weighting decision
clements

l

Completing the initial supermatrix, the Weighted
Supermatrix, and the Limit Supermatrix

|

Ranking of evaluation criteria and

evaluation alternatives

Figure 1. The flowchart of evaluation steps

2. Method

The selected method for evaluating traffic
congestion control strategies in this study is the
hybrid method of Delphi and Analytic Network
Process (ANP). In the first step of this hybrid
method, effective criteria in evaluating traffic
congestion control strategies are identified and
determined using the Delphi method and based on
the opinions of experts. These criteria are then
used in the Analytic Network Process (ANP)
method to rank the evaluation alternatives. Figure
1 shows the flowchart of evaluation steps.

In the Delphi method, the basic criteria are
scored by experts according to their degree of
importance and effectiveness. Then, the criteria
whose average score is higher than the threshold
in the Delphi method (0.7) are selected as effective
criteria. In Analytic Network Process (ANP),
decision elements including criteria, sub-criteria,
and evaluation alternatives are compared by
experts in each of the three categories in the
pairwise form. The final pairwise comparison
matrices are obtained by geometric averaging of
experts' scores. The initial weights of the decision
elements in each of the final pairwise comparison
matrices are then calculated using Equations (1)
and (2). In these Equations, ajj is the abnormal
component and rjj is the normal component of the
pairwise comparison matrix, and Wi is the weight
of element i in the corresponding pairwise
comparison matrix.

S SO (1)
ij D
i
n
r..
w2 =12, .0 )

! n
The initial supermatrix is then formed based on
the initial weights of the decision elements, and
the weighted supermatrix and the limited
supermatrix are calculated using Super Decisions
software. The decision elements are ranked based
on the final weights obtained from the limited
supermatrix.

3. Results

Initial sub-criteria were classified into four
categories: the criteria of social comfort, traffic
operation, safety, and environment (Table 1). The
effective evaluation sub-criteria were determined
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the of Nirooye Daryaie (the navy) intersection.
One of the reasons is the existence of hyperactivity
and administrative work, including the public
prosecutor's office of Rasht and the military
prosecutor's office. Thin people do more offense
than other weights and fat people do less offense.
In general, fat drivers are calmer and follow the
law more than thin people. The intersection that fat
people violate red light most is the Holy Square,
which can be due to service or entertainment
activities because the Moghadas Square
intersection near the park and mobile services.
Another reason could be to take a suitable parking
space on Lakani Street. Women in chadors, like
previous analyses, did not comment any violations,
and this shows the great respect of this cover to the
rules. Regarding age group of people of more than
60, no violations have been registered, which can
be concluded that the older you get, the less you
violate the red light the more you follow the law.
This does not even affect the gender of individuals.

4. Conclusion

The results show that increasing age, the number
of violations decrease significantly, so that no
violations were observed in the age group of 60,
and this has no relationship with gender. Also, the
men had the most number of parking violations
than the women. There were obvious differences
in the four kinds of outfit, so that in the women's
group, women having hijab did not commit any
violations compared to those having the regular
outfit, and in the men's group, those with formal
cloth recorded 55 violations and those with regular
were 44,
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1. Introduction

Performing each of these daily human activities
requires moving and traveling from one place to
another, some of which take place inside the city
and some outside the city. Vehicle is one of the
oldest forms of transportation and routes and is one
of the most important components of the intercity
transportation system. Today, with the increasing
population of cities, despite the growing use of
public transportation, a significant portion of intra-
city travel is done by vehicle. Intersections are an
important  component of the intra-city
transportation network and crossing intersections
is a critical part along this route from origin to
destination. Today, in all human societies, traffic
has become a pervasive problem. Overcrowding
caused by the presence of too many cars causes
stress in the community. Intersections in the urban
road network are of great importance. Since the
capacity of the transportation network is affected
by the performance of intersections, any
irregularities in these important components will
reduce the capacity of the network. Illegal crossing
of the crosswalk and violation of the red light by
the vehicle is one of the irregular and predisposing
factors for accidents, waste of property time and
reduced productivity from the negative
consequences of crossing the red light at
intersections. Due to the effect of red light
offenders' behavior on performance, recognizing
the behavioral and physical characteristics of
drivers is of great importance and can lead to better
design of facilities related to red light crossing.
Regarding the importance of research, it can be
said that Iran has one percent of the world's
population, but its global share of traffic accidents
is 2 percent. One of the reasons for the accidents is
red lights, so we should consider this a national

concern. In the this study, the reasons for the
violation of the law by drivers while crossing the
red light at intersections, as well as strategies to
deal with this common phenomenon, were
investigated.

2. Method
Data collection method is observational and field
statistics. The location of the person was selected
for field surveillance in relation to the pedestrian
crossing and the width of the passage. The person
was placed in the right position to see the details of
the behavior and appearance of the vehicles, the
type of movement and how the red light was
violated. That vehicles do not notice the presence
of a person, to avoid a possible effect on the
behavior of wvehicles, since the details of the
behavior and appearance of vehicles are very
important in this study. The frequency of passes
was counted and manually recorded and then
transferred to the software. The process of
counting vehicles was done as follows:

* Number of women who crossed the red

light,

* Number of gentlemen who crossed the

red light,

* Separation of vehicles by age,

+ Separation of vehicles by gender and

coverage,

* Separation of vehicles by weight.

3. Results

Most 18-to30-year-old people commit red light
violations. At the age of 18 to 30, most of the
intersections that were violated were the
intersection of the Gas Station, which is due to the
existence of universities and the passage of
students. The second is the intersection of Golsar
crosswalk, which has been registered with 11
violations in this age range. Totally, the
intersection of Niroo Daryaee has more violations
with the number 26. This analysis leads us to the
conclusion that the older we get, the more we obey
the law. The cameras of traffic monitoring have
more effective performance than the police
officers. The only intersection in which the women
violated was the intersection of Golsar crossroads,
which could have been due to the existence of
medical centers. And the most violations happen at
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The results of compaction tests show that the
Yamax and Wopt Of natural soil are 16.8 kN/m? and
18%. By adding phenanthrene to the soil, wop
changes to 16% but the ysmax does not changed.
The SEM image of contaminated soil shows that
by adding phenanthrene to natural soil, the
structure of it is changed to dispersed condition. It
showe that the structure of soil has influences on
the compaction parameters.

The results show that by adding MgO to natural
and contaminated soil, yimex decreases and Wopt
increases. Comparing the SEM images shows that
adding MgO to the soil causes an increase in the
degree of flocculation of the soil structure.
Therefore, based on the obtained results it can be
concluded that the changes in the values of
compaction parameters are due to the high water
adsorption capacity of MgO because of its high
specific surface and forming the new structure of
the soil as shown in SEM images.

The results of strength tests indicate that the
final strength of natural soil is 306 kPa at the strain
of 6%. These values are changed to 203 kPa and
8.5%, respectively, for contaminated soil. It is
concluded that adding the solution of phenanthrene
to soil causes a reduction in the final strength in
comparison with the natural soil. The results also
indicate that by adding MgO to natural and
contaminated soil, the final strength of them
increases and the amount of it depends on the
percent of MgO and curing time. At a constant
percent of MgO, the strength of the soil increases
with increasing the curing time. Also, at a constant
curing time, an increase in the percent of MgO
causes an increase in strength. This is due to the
chemical reaction of MgO during the hydration
process. It can be said when MgO is added to the
soil, its hydration starts by adsorbing the free water
between particles. During the hydration, MgO
changes to Mg(OH),, which is termed brucite.
Brucite reacts with CO, and water and produces
materials such as nesquehonite, hydromagnesite,
and dypingite (the carbonation products can be
seen in SEM images). The carbonation process and
production of the materials continue with time by
adsorbing the water and CO; and they cause
increasing the strength of the soil sample.

The modulus of elasticity corresponding to the
50% (Eso) of final strength was calculated with the
aid of stress-strain curves for each of the used
materials. The results showed that the variations of
it are the function of percent of MgO and curing
times similar to the variations of final strength of
samples. It can be said that the carbonation
products that are made during the time are
important in the variation amount of Eso.

4. Conclusion
The following conclusions can be drawn from
the obtained results of this work:

e By adding phenanthrene to soil, the
structure of it changes from flocculated to
dispersed condition. The Atterberg limits
reduces and from compaction parameters,
only the optimum water content reduces
in comparison with natural soil. In
addition, the final strength of it is less
than the natural soil.

e MgO causes an increase in the values of
Atterberg limits and  compaction
parameters in comparison with natural
soil.

e  MgO can increase the strength and Eso of
natural and contaminated soil and the
amount of increase in strength depends on
the percent of used MgO and curing time.
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1. Introduction

Soil improvement, in its general meaning,
considers every physical, physicochemical, and
chemical method employed to make a soil suitable
for its required engineering purpose. Several
methods have been used to improve the behaviors
of contaminated soils over the past few decades.
Among these methods, the chemical technique of
lime or cement-based soil mix technology has been
widely applied and studied by a number of
researchers. Portland cement (PC) is the most
popular material for improvement the soils.
However, the procedure of PC is known to be high
energy-consuming and releases high value of CO;
during its production process. Recently materials
such as MgO have been drawn the attention of
researchers for replacing the PC. In addition to its
economic and environmental advantages, the
hydration of MgO also gives an equilibrium pH of
about 10.5 that has better precipitation action in
comparison with lime and cement. A Review of
the literature shows that to date very limited
studies about the effect of MgO on the
improvement of contaminated soil can be found.
Hence, the main objective of this work was to
study the behaviors of a contaminated soil with
phenanthrene using different percentages of MgO
through experimental tests. Atterberg limits and
standard compaction tests were conducted on the
mixtures. Moreover, unconfined compressive
strength (UCS) and SEM tests were conducted on
compacted samples from the natural soil and the
above mixtures at different curing times. The
results are compared with the results for stabilized
uncontaminated samples at the same conditions as
the contaminated soil samples.

2. Materials and Methods

The main materials that were used in this study
were soil, phenanthrene, acetone, and MgO. The
soil was clay soil and was prepared from Qazvin
province. The grain size distribution test showed
that the soil consisted of 2% sand 45% silt and 53%
clay. The liquid limit and plastic limit of the soil
were determined as 47 and 26 % and its specific

gravity was 2.7. The soil was classified as clay
with low plasticity (CL) according to the Unified
Soil Classification System (USCS). The maximum
dry unit weight and optimum water content of the
soil were determined from the standard
compaction test as 16.8 kN/m® and 18%
respectively. Phenanthrene with a concentration of
1200 mg/kg was used for preparing artificially
contaminated soil. The solubility of phenanthrene
in water is very low (1.15 mg/l), but it is
completely dissolved in acetone. Therefore,
acetone with a purity of 99.9% was used as a
solvent for phenanthrene in making contaminated
soil. After preparing the solution of acetone-
phenanthrene it was sprayed on the soil and mixing
was done by hand. The mixture was kept in the
open air to allow evaporation of the acetone from
the soil mass. Then the soil mass was kept in a
plastic bag for the completion of the interaction
between soil and phenanthrene. Natural air-dried
soil and contaminated soil were mixed with 5, 10,
20, and 30% (by weight) of MgO. A number of
experimental tests including Atterberg limits,
compaction, UCS, and SEM tests were performed
on samples of natural soil, mixtures of natural soil
with MgO, contaminated soil, and mixtures of
contaminated soil with different percents of MgO
according to the ASTM standard. The samples for
strength tests were made by static compaction
method at optimum water content and maximum
dry unit weight that were obtained from
corresponding compaction curve for each of used
materials. The length and diameter of samples
were 100 and 50 mm respectively.

3. Results and Discussion

The results of the Atterberg limits tests show that
adding phenanthrene causes a reduction in the
values of Atterberg limits in comparison with
natural soil. It is found the results that adding
different percentages of MgO to natural and
contaminated soil causes an increase of Atterberg
limits, which is a function of the percent of MgO
used. The reason is that the specific surface of
MgO is about 250-300 m?/g, which is more than
natural soil. Hence, it has a higher potential for
adsorbing water. This property of MgO causes an
increase in the values of Atterberg limits of soil
when it is mixed with MgO. Therefore, by
increasing the percent of MgO results in increase
in the Atterberg limits.
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The first term of Equation (4), usage of the
principle of maximizing the distance of two
different training data, is utilized to penalize large
weights, to maintain regression function flatness,
and to regularize weight sizes. In addition, the
parameter W (in Equation (1)) is achieved, after the
quadratic optimization problem,

©)

W =2 (5 ~5)ox)
where p° B are the Lagrangian multipliers

(obtained by solving a quadratic program). Finally,
the SVM function is Eq. (6):

f(x):i(,ﬁ}*fﬂi)K(xi,xj)er )
Here, k (Xi,Xj) is called the function of kernel that
is, K (% %) = 0(%)o(x;) - In this study, the radial

i1
basis kernel function (RBF)
K(xi,xj)zexp(—Hxi—xjH/2az),a>0 is utilized in

the SVM model.

2.2. Artificial neural network. ANN firstly was
introduced by McCulloch and Pitts (1943) who
presented ability of this technique to calculate any
logical functions. Processing of the data is
executed with the help of many interconnected
simple elements known as neurons which are
placed in distinct layers of the network. Multi-
layer perceptron, the most famous type of ANNSs,
consists of at least three layers: input, intermediate
or hidden layers, and output. Difficulty level of the
problem determines the number of the hidden
layers and neurons. The neurons are linked from a
layer to the next one, but this connection is not
within the same layer. Once a series of inputs
presents to the network, the input values are
transmitted through the links to the second layer.
In every link, the transmitted value is multiplied to
the weight of the link. The weighted values are
come together at a node in the hidden layer and a
bias is summed to the weighted values in that
particular node. Consequently, the achieved value
transfer to an activation function and a signal is
created. Using the departing links of hidden nodes,
the results are transmitted to the output layer.
Similar to hidden nodes, the input values of the
output nodes are weighted, biased, summed, and
transferred to the activation function. The created
values of activation functions in output layers are
the outputs of the network. Performance of an
ANN depends on the architecture of the network
which is the pattern of the connections existing
between the neurons. The network should be
trained with sufficient input—output patterns that
are known as the training data. As the error reached
specified error goal, training is finished and the
optimum model is determined.

3. Case studies

It is generally known that the susceptibility of soil
deposits to liquefaction is determined by a
combination of various factors to which they may
be subjected, such as soil properties, geological
conditions, and ground motion characteristics.
Therefore, it is widely recognized that determining
liquefaction potential is a complex geotechnical
engineering problem. It is worth noting that soil
properties and geological conditions determine the
resistance of the deposit to liquefaction, while
earthquake characteristics control the seismic
loading conditions. Among the factors listed
herein, the three most important ones are the
following: 1) the ground is a loose sandy deposit;
2) the ground water table is high and the ground is
saturated; and 3) the earthquake intensity is
sufficiently large and the duration of shaking is
sufficiently long. Based on this, the following
factors, such as 1) earthquake magnitude, M, 2)
water table, dw, 3) total vertical stress, oy, 4)
effective vertical stress, oy, 5) depth, ds, 6) peak
acceleration at the ground surface, amax, 7) cyclic
stress ratio, ¢, /o, , 8) mean grain size, Dso, and 9)

measured CPT tip resistance, qc, are selected as the
evaluating indices. The database used in this study
is from the Tangshan earthquake. A few of the
original records were omitted because of
incomplete data. The database includes 79 CPT-
based field liquefaction records.

4. Results and conclusion

One of the possible consequences of earthquakes
in saturated areas is soil liquefaction and as a result
the failure of foundations of buildings, types of
infrastructure, bridges and many other disasters. In
this study, in order to evaluate the potential of soil
liquefaction on 79 samples from China Tangshan
Earthquake  Database,  several intelligent
classification models were constructed with the
help of Orange software. Therefore, the
performance of 5 intelligent classification methods
(Logistic Regression, ANN, SVM, KNN, and
Random Forest) were compared based on different
criteria. The results showed that SVM, ANN, and
Logistic Regression methods have a high ability to
predict soil liquefaction class and among them the
Logistic Regression method with AUC index
(0.98) was selected as the best method. In addition,
the study of the effectiveness of variables using
three criteria of Information Gain, Information
Gain Ratio and Gini Index, indicates that the
variable measured CPT tip resistance is the most
effective variable and is the first priority. The
variables of cyclic stress ratio and peak
acceleration at the ground surface are also
important features.
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1. Introduction

Liquefaction is a phenomenon whereby a granular
material transforms from a solid state to a liquefied
state as a consequence of an increase in pore water
pressure. Liquefaction of saturated granular soils
due to seismic loading is a major concern for
geotechnical engineers, since it may induce
uncontrolled lateral spreading of soil masses,
potentially causing considerable damages to civil
engineering structures. Therefore, assessing
liquefaction potential is an imperative task in
earthquake geotechnical engineering. There are
different methods available for determining the
liquefaction potential of soil. Most of these
methods depend on some limit states that separate
the non-liquefaction region from the liquefaction
region established empirically using in situ field
observations from sites where test data are
available. Among them, standard penetration tests
(SPTs), cone penetration tests (CPTs), flat
dilatometer tests (DMTSs), the shear wave velocity
technique (SWV), and self-boring pressure meter
(SBPT) are the most commonly used in situ tests
for liquefaction potential prediction. However, the
high uncertainty in earthquake environments and
soil characteristics make it difficult to choose a
suitable empirical equation for regression analysis.
Therefore, many scholars and experts have
attempted to develop scientifically derived
analytical models that are simpler and easier to
implement, and more accurate than traditional
empirical equations for soil liquefaction analysis.
Artificial neural network (ANN) models have been
used for prediction of liquefaction potential as a
classification problem. Although the ANN is
found to be more efficient compared to statistical
methods, it also has several inherent drawbacks
such as over fitting, slow convergence speed, poor
generalizing performance, arriving at a local
minimum, etc. A support vector machine (SVM) is
a machine-learning algorithm, founded by Vapnik
(1995), which is gaining popularity due to its good
performance and attractive features. The method
has been applied to several areas. Application of
SVMs in civil engineering is an emerging area and
needs to be explored in other disciplines such as

geotechnical engineering. SVM-based approaches
for classification and prediction have been used in
several other civil engineering disciplines and
found to work better in comparison to a neural
network approach.

In this study, in order to evaluate the potential
of soil liquefaction on 79 samples from China
Tangshan Earthquake Database, several intelligent
classification models were constructed with the
help of Orange software. Therefore, the
performance of 5 intelligent classification methods
(Logistic Regression, ANN, SVM, K-fold Nearest
Neighbor (KNN) and Random Forest) were
compared based on different criteria.

2. The most important methods used in this
research
2.1. Support vector machine. A nonlinear
mapping ¢(-):R" — R™is specified to map the
input and output datasets {(x; ,yi)}_“:1 (where N is
the total number; x; is inputs and y; is the actual
value) into a so-called high dimensional feature
space (which may have infinite dimensions). Such
a linear function, that is to say SVM function, is
like Eg. (1),
£(x)=WT p(x)+b 1)
where ¢(x) is the inputs feature and both b and
W are coefficients. In SVR approach, the
coefficients (b and W) are predicted by minimizing
the empirical risk as Eqg. (2),
Ru(F) = 2.0, (3, W) b) )
that 0, (y,, W p(x)+b) is specified as Eq.(3),
W o) +b-y| e if WTp(x)+b-y |26

0, (y, W px)+b)= _
0, otherwise

3)

The SVM focuses on minimizing the training error
between the e-insensitive loss function and the
training data and finding the optimum hyper plane.
Minimize:

Min R. (W,e;*,f):lWTW +ci(§(,§i) )
wb.&" & 2 Py
with the constraints

Y, -WTp(x)-b<e+&, &£>0, i=12..,N

Y +WTp(x)+b<s+&, &20, i=12,..,N

é’i*: training errors above &, & training errors

below —¢ and C is parameter to trade off these two
terms.
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Figure 5. The final ranking of various separating
wall systems

Regarding the criterion of “CO production”, it
can be said that despite the lower energy
consumption in the production process of SP walls
compared to GB walls, due to high consumption
of cement, their relative value in producing
harmful gases such as CO, was much lower.

The relative value of the alternatives in terms of
“thermal resistance” showed that GP walls had the
highest resistance due to the use of thermal
insulation in the central core and SC walls
displayed the lowest heat resistance and highest
heat exchange.

The relative values of the alternatives in terms of
“aesthetics” also indicated that the AAC, SP, and
GB walls had higher relative values due to their
larger dimensions than SC and HC walls.

4. Conclusion

The results of this study showed that:

e New separating wall systems were better
alternatives in terms of energy consumption,
CO2 production and water consumption.

e Gypsum boards and three-dimensional
sandwich panel walls were identified as the
best and worst separating wall systems in
terms of eco-friendliness, respectively.

e Modern separating wall systems did not show
a significant advantage over traditional wall
systems in terms of using natural resource and
raw materials.

e The final values of the selected alternatives
for gypsum boards, solid clay bricks,
autoclaved aerated concrete blocks, hollow
clay bricks and sandwich panels were 0.422,
0.185, 0.157, 0.145 and 0.09, respectively as
shown in Figure 5.

It was finally determined that gypsum boards are

the most eco-friendly wall system among the five

systems evaluated in this study.



Journal of Ferdowsi Civil Engineering, Vol.34, No.3, 2021.

Eco-Friendliness Evaluation of
Separating Wall Systems in Iran
Using TOPSIS Method

Hadi Madadi Ghollehzou,'
Mohammadreza Tavakkolizadeh?
Shahnaz Danesh?

1. Introduction

Considering the role and position of separating
wall systems in construction, in the present study
the environmental effects of common separating
wall systems in Iran was investigated. For this
purpose, seven environmental parameters
including energy, raw material and water
consumption in construction process, CO:
production, thermal resistance, waste produced
and aesthetic of the wall systems were considered
as evaluation criteria. Regarding these criteria and
using the TOPSIS method, this study evaluated the
five most common separating wall systems in Iran
and determined the most compatible and eco-
friendly system. Five different types of walls
considered in this study were solid clay bricks
(SCB), hollow clay bricks (HCB), autoclaved
aerated concrete blocks (AACB), sandwich panels
(SP) and gypsum boards (GB). Figure 1 shows the
evaluated separating wall systems.

gl R - - F
o o < NG
Solid Clay Brick Hollow Clay Autoclaved
(sCB) (HCB) Block Aerated
Concrete Block
(AACB)

I H ‘I;HW

{'j il “"'IH
s liHl

3D Sandwich ypsum Board
Panel (SP) (GB)

Figure 1. The evaluated separating wall systems

2. Method

The general principles of the TOPSIS method are
defining the available alternatives and two
hypothetical solutions and finding the optimal one
in the process. These two solutions refer to a set of
the best and worst values observed in the decision

matrix, which are known as positive ideal and
negative ideal solutions, respectively. The optimal
option in this method is the option that has the
shortest distance from the positive ideal solution
and at the same time the maximum distance from
the negative ideal solution as shown in Figure 2.

X +
A

A
= Xi

Figure 2. Basic concept of TOPSIS method

3. Data analysis

Figures 3 and 4 show the relative values of the
alternatives in each criterion. The climatic
realities of Iran have made the “water
consumption” with a relative value of 0.195 the
most important among the seven environmental
criteria. On the other hand, “aesthetic” with a
relative value of 0.049 was the least important in
view of participant in this study.

One of the notable points of these two figures is
the low relative value of AACB walls compared
to new separating wall systems such as GB walls
and SP in terms of energy consumption during
construction.

The results related to the consumption of
important resources and raw materials showed
that the SP walls, despite having a high value in
terms of challenging environment and
sustainability, compared to other alternatives, due
to its low value in terms of “risk of loss of raw
material” and “possibility of recycling” has the
lowest value among other alternatives. SCB
walls, despite the high consumption of clay
materials, have been selected as the best
alternatives due to the low relative value of the
sub-criterion of “usability in recycling” compared
to other sub-criteria.

It was also observed that GB walls have the
lowest “water consumption” and the highest
relative value in relation to this criterion due to
the lack of need for plastering.
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In the next step, PCEs were calculated using
Equation 2. Then the average of PCEs were
proposed for each types of vehicles.

ai

pi = (2)
where, piis the passenger car unit value of the i
vehicle type, and a; , ap, a3 are the regression
analysis coefficients for passenger car, motorcycle
and heavy vehicle, respectively.

Then the one-sample t-test was used to determine
whether our samples come from a population with
a specific mean. The significance level of the test
(sig.) indicated that the proposed mean PCE values
are valid for each vehicle type.

4. Results

The results show that, multiple linear regression
analysis is an appropriate method to calculate the
PCEs in heterogeneous traffic conditions
prevailing traffic flow in Iranian cities. In this
study, PCE values for buses, minibuses, and
motorcycles were estimated as 2.53, 1.45 and 0.46,
respectively. It should be noted that when the
proportion of passing buses and minibuses in
traffic composition is low, they can be aggregated
as “heavy vehicles” with an average PCE value of
2.13. Finally, the PCE values obtained from this
research were compared with the corresponding
PCE values suggested in the highway capacity
manuals of several countries located in three
different continents. This comparison indicated
that the PCEs obtained in this research for the two
Iranian cities are generally higher than those
countries.
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1. Introduction

Passenger Car Equivalent (PCE) is a factor that
indicates the number of equivalent passenger cars
that can be substituted with other vehicle types in
traffic stream with the same effect on the roadway
and traffic conditions. Differences at the
performance characteristics of heavy vehicles and
motorcycles cause a number of changes in traffic
flow characteristics. One of the main methods,
which creates a unified procedure in traffic flow
analysis is to convert all types of vehicles to one
equivalent type. This concept was first introduced
in the 1965 edition of Highway Capacity Manual
to estimate the impact of heavy vehicles on traffic
flow. Since then, several methods have been
proposed in different studies to estimate the PCE
values for different vehicle types, that is, methods
based on vehicles headway, volume-to-capacity
ratio, speed, delay, optimization techniques,
density-flow relationship, and regression analysis.
In the absence of widespread studies on this
subject and despite different prevailing traffic
conditions in Iran in comparison to other countries
and especially western countries, the previous
traffic studies in Iran have mainly relied on the
PCE values obtained from the highway codes of
western countries. In this study, the PCE values are
calculated for motorcycles, buses, and minibuses
at urban signalized intersections of two major
Iranian cities, namely, Isfahan and Yazd. For this
purpose, the regression analysis method was
chosen for estimating PCEs at signalized
intersection under prevailing heterogeneous traffic
conditions. The main purpose of this study was to
estimate the appropriate PECs used for estimating
saturation flow, determining the level of service
and capacity at signalized intersections.

2. Data collection

In this study, Cochran formula was used to
determine the sample size for an infinite
population. Then data were collected from 8 entry
approaches of 5 signalized intersections in Isfahan
and Yazd cities. Vehicle entries (including

passenger cars, buses, minibuses, and
motorcycles) were videotaped for 425 cycles at
saturated green intervals. Data were collected
during peak traffic periods (07:30 to 08:30 and
19:30 to 20:30).

3. Data analysis
Multiple linear regression analysis was used for
the calculation of the PCE values. For this purpose,

a multiple variable linear relationship was
established between different types of passing
vehicles and their corresponding saturation green
times using SPSS software. First, the green phase
was divided into 5-second intervals per cycle and
vehicles, motorcycles, buses, and minibuses were
counted, separately. Then the intervals, in which
more than 3 PCE crossed the stop line, were
considered as saturated green interval. At this step,
the PCEs values, which are proposed by the Indian
Road Guidelines were used. Then, the sum of
saturation green time intervals per cycle, and the
vehicle numbers passing through the approach
during this intervals were calculated separately.
Finally, a multiple relationship was established
between this data as shown in Equation 1.

t =nya, + nvay + nrar 1

Where,

ni is the number of type i vehicles passed
through the intersection in each cycle,
ai, ap, asz are regression analysis coefficients for
passenger car, motorcycle and heavy vehicle,
respectively, and t is total saturated green time per
cycle.

All PCE values for heavy vehicles and

motorcycles have been obtained at a %95 and %80
confidence levels, respectively. This motorcycle’s
reliability level is acceptable for saturation flow
rate estimation.
The coefficients of the fitted model also indicate a
strong correlation between the passing vehicles
and the effective green time intervals at all
approaches.

The F-test was also used to ensure the
significance of the regression models (Sig.<0.05).
The Pearson correlation test was used to illustrate
the relationship between paired variables. The
results indicated that the variables are negligibly or
weakly correlated. According to the results and
considering the results of previous studies, the
interactive effect between variables was ignored
and it was assumed that all parameters operate
independently.
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