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Abstract

Transporting goods is very important to cities economy. At the same time,
there are negative consequences resulting from freight truck flow in an urban
area ,one of the most important is traffic congestion.

Hilla city suffers from traffic congestion in various locations of its road
network, which has resulted in slowing speeds, increased delays, and a poor level
of service. These problems are expected to increase in the future relatively with
the rate of population growth and the rise in the traffic volume of passenger and
freight vehicles.

This research aims to analysis and evaluates the freight road network and
trucks flow in the study area represented by Hilla city using collected data and
ArcGIS techniques, to identify the most important challenges facing freight truck
movements and the problems that are reflected in the transportation network, find
appropriate solutions those improve traffic flow in the city.

Freight data was collected based on the questionnaire from freight truck
drivers, interviews with checkpoints employees at five city entrances, field
surveys to calculate traffic volume at each entrance and main effective roads in
Hilla city (12 sections of major arterial roads), in addition to the collected data
from the relevant governmental institutions.

A fully accurate digital map has been created for Hilla freight road network.
Analysis of freight truck movement has been performed using ArcGIS 10.4
network analysis techniques. The current network analysis results show that the
largest traffic for trucks passes through the main arterial roads in Hilla city.

Three maps were prepared using Trans CAD 4.5 program to show the
difference in the operating level for road freight network, depending on the results
of (V/C ratio), the first map for the study year 2022, based on current network
data. The second map is for the study year, with the proposed developments by

the implementation of new roads connecting the city's entrances with the current



road network that lead to reduce the percentage of freight vehicles passing
through it to 50%, while the third map is for the target year 2030, based on current
network capacity taking into account the growth rate of vehicles in Hilla city and
increase in traffic volume (2.5%).

The overall evaluation indicates that the level of service for the current
network in the study year 2022 is (D), while the target year 2030 is (F). Adoption
of the proposed network developments improves the level of service for the
modified network in the study year to (C).

Network analysis for a modified network by ArcGIS software shows that the
suggested roads will reduce the total (travel time and distance) for the same origin
and destination points of freight trucks by 9%, and 30% compared with the
current distance and time respectively.

Recommendations have been done to regulate freight flows, and minimize
the negative consequences of goods transportation in Hilla. Once included the
night delivery option for goods to their destinations located inside the city from
(10 PM to 7 AM). As well as a proposal to construct a freight consolidation center
in the northern and southern parts of the city to reduce the number of freight

trucks inside the city, particularly during peak periods.
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Chapter 1
Introduction

1.1 General

Freight transport is one of the most important and lively aspects of the
transport sector, and it's being the main supportive element for the trade sector.
But, the lack of efficiency in transporting goods in addition to the complexities
and increased costs associated with transporting and delivering goods cause a
major challenge to improve this important sector.

Trillions of dollars of goods are consumed annually worldwide and the
largest proportion of them are transported via road networks. Therefore, the
process of freight transport in urban areas is now at a crossroads due to the
negative effects that freight transportation causes on urban life such as traffic
congestion, greenhouse gas emissions, air pollution, noise pollution, traffic
accidents, and associated safety concerns, and reduced green spaces as a result of
urbanization.

In recent years, researchers have paid a lot of attention to studies on traffic
on road networks and its influence on cities throughout the world, but the greatest
interest has been focused on public transport and private car movement, while
relatively little consideration has been paid to road freight transport. However,
urban freight transport is important for many reasons, the most important ones
are (Browne M. et al,.2011):

e [t is critical to the continuation of our current way of life.

e [ts impact on supporting and retaining industrial and commerce activity.

e The contribution of an efficient freight sector makes to the competitiveness
of industry in the region is concerned.

e The impact of freight transportation and logistical expenses on the price of

goods available for consumption in that market.



e The entire cost of freight transportation and logistics is huge, and it has a
direct impact on the economy's efficiency.

e The influence of urban goods transportation on the environment (in terms
of energy use and environmental consequences such as pollution, noise,
and so forth.)

Road network is an important part of modern supply networks. It
connects production, distribution, and consumption due to the flexibility and
capability to deliver door-to-door services as well as its ability to connect all
supply network operators at the local, national, regional, and global levels. Road
transportation is the primary mode of transportation in many areas of the world,
and it is especially important in developing and impoverished countries that lack
alternative internal modes of transit such as railways or water transportation. In
this situation, road transport is frequently the main available mode of access for
land-locked developing nations to regional and global markets (Boylaud O. et
al,.2001).

The road network and infrastructure of Hilla city in general were designed
in the nineties in proportion to the population growth, commercial and economic
situation, and the number of vehicles at that time.

Although the master plan of Hilla city was updated in 2009 to expand and
develop all the infrastructure and transportation networks in the city, this design
did not improve the reality of the city for several reasons, including the non-
implementation of most proposed plans to expand the city as well as the
significant increase in population growth and not absorbing this increase in the
prepared design, as the study which prepared in 2006 to modernize of Hilla city
master plan estimated the population growth in the city (542630) people for the
year 2030 (Hilla Municipality Directorate, 2022), while the population census
amounted(645016) people in 2022 (Babylon Statistics Directorate,2022).

This large and unexpected increase in population growth has been

positively reflected in the growth of private vehicle ownership and the increase



in demand for transporting products and cargo, particularly after 2003 due to the
commercial and economic boom and the rise in per capita income. At the same
time, the impact was negative on the transportation network, since large amounts
of products and commodities are moved annually via the city's road network,
resulting in a high rate of accidents and traffic congestion in multiple locations.

As aresult, this research will highlight the freight transportation network in
Hilla city to analyze the movement of freight vehicles across the road network,
places of loading and unloading, and the most important destinations for freight
vehicles in the city, as well as the impact of transporting goods on traffic
congestion and the level of service for the main roads in Hilla city to identify the
problems and discover appropriate solutions to increase road users' comfort by
using the ArcGIS10.4 and Trans CAD 4.5 software.

The ArcGIS 10.4 and Trans CAD 4.5 software are considered the most
important and most widely used programs in transportation projects due to their
ability to enter, store, edit and analyze a huge amount of information based on the
data collected from field surveys which included a survey of calculating the traffic
volume of vehicles at city entrances as well as main effective roads, in addition
to a questionnaire with drivers of freight vehicles to collect information about the

vehicle and the trips at the city's entrances, as will be explained later.

1.2 The problem with the Research Statement

Hilla is one of the most densely populated cities in Iraq, located in an
important geographical location in the central region of the country, linking
Baghdad and the southern provinces. The increase in economic activity and
population with the rapid transformation of land use has led to an irregular
increase in trips, causing traffic congestion in various locations of the city's road

network as it is the main means of transporting passengers and freight in the city.



Plate 1.1 Congestion due heavy tracks presence.

Thus, the most essential freight shipping problems in Hilla city can be

stated as follows:

e Neglecting the periodic maintenance of the road network has led to a

decrease in road capacity disproportionately with the large traffic volume
of freight trucks and passenger vehicles, and thus led to a decrease in the
level of network service.

Freight transportation lacks many of the factors necessary for the success
of this mode of transportation, such as climbing lanes and time limits for
their entry into cities, which advances their movement.

The general lack of data, as well as the lack of a comprehensive strategy
for planning and managing transportation difficulties, especially freight
transporting.

Unavailable of river and air transport with the great neglect of railways in
Hilla city, which constitutes an excessive load on the city’s road network

and causes its inefficiency.



The road network in Hilla city is under additional load due to (external -
external) trips, especially freight trips by trucks due to its important

location in central Iraq, which makes it an important transit route.

1.3 Research objectives

This research aims to analysis and evaluate the land system for roadway

freight transportation, represented by the main road network in Hilla city, to

identify the most significant challenges facing shipping goods in the city and find

appropriate solutions. Therefore, the main objectives of this research can be

summarized as follows:

Preparing a database for the movement of trucks entering and exiting the
city based on-field surveys which include: Counting the volume of traffic
surveys and roadside interview surveys (Questionnaire).

Preparing geodatabase of the road freight network in Hilla city using Arc
GIS 10.4 software.
Analyzing the characteristic of the Hilla road network by using the Arc

GIS10.4 software.

Perform network analysis and select the best routes for freight trips in Hilla
city for both current and modified networks using the network analysis tool
of ArcGIS 10.4 software

Calculate the level of service for main roads in Hilla city for the current
road network then it’s recalculated after modifying them by adding new
suggested roads to the network and representing all results using Trans
CAD 4.5 software.

Suggesting solutions to address the challenges facing the freight transport
process in Hilla city for both (External — Internal) trips and (External —

External) trips.



1.4 Research structure

The presented research is divided into five chapters as follows:

Chapter One provides an introduction that includes a brief idea of the research,
a definition of the problem, the purpose of this research, and the research's
structure.

Chapter two includes a review of the available literature for past studies and
investigations linked to the subject of the research.

Chapter Three describes the methodology and data collection as well as the
composition of the city's traffic.

Chapter four presents the results of the freight transportation network analysis
in Hilla City, as well as their discussion and a detailed explanation of the proposed
solutions.

Chapter five: This chapter contains the conclusions of the research,

recommendations, and recommendations for future studies.



Chapter 2
Literatures Review

2.1 Introduction

This chapter is a review of the process of analyzing freight transportation
by highlighting previous research and studies that were conducted on this
subject from different countries and regions around the world, with the goal of
identifying the most important problems and proposing appropriate solutions.

Increased demand for goods in cities as a result of population growth, as
well as economic growth (such as economic growth via internet shopping), are
all factors that increase the load on transportation networks. Generally, Iraq
cities and in Hilla city (study area) especially, there is an increase in the volume
of traffic with a deficiency in the development of the transportation network,
and the carrying capacity of the city’s roads is not proportionate with the large
traffic volume of vehicles (Freight vehicles and passengers’ cars), which led to
increasing the problems of the transportation system in the study area. As a
result, more attention to the transportation sector and the expansion of road
networks based on accurate studies are required to accommodate this increase.

Despite the vital role of freight transportation in urban areas by
preserving them and developing their economies. Freight transportation within
urban areas is also known for its unsustainable effects, as it is responsible for
many environmental, economic, and social impacts that may have a significant
impact on the ability to live in urban areas, as described below (Banister
D.,2000):

» Environmental Impacts.
e The transportation of goods contributes to climate pollution by

producing air polluting gases such as carbon dioxide, carbon monoxide,



and nitrogen oxides, as well as volatile organic compounds and others,
especially for the heavy trucks that miss the scheduled maintenance, as
shown in Plate 2.1.

e Waste items such as tires, oil, and other things.

Plate 2.1 Air pollution by heavy tracks gases.

» Social Impacts.

e The physical effects of pollutant emissions on the overall health of the
community, such as disease risk.

e Traffic accidents cause injuries and deaths.

e Increase in loudness, visual intrusion, and vibration.

e A decrease in the quality of life is a result of reduced green spaces and
open areas due to the expansion of infrastructure and transport networks
in urban areas.

» Economic Impacts
e Inefficiency and waste of resources.

e Congestion and a reduction in city accessibility.



There are many sponsors in the urban freight transport system: receivers,
retailers, manufacturers, distributors, and shippers. To achieve high urban
freight performance, cities must have reliable forecasting and analysis tools that
can be provided an overview of all aspects of transportation operations
(Holguin V. et al., 2014).

In the common method of analysis, the basic steps are to identify the
goods that are being transported and delivered, where they originate, and the
type of transport services and vehicles that are most frequently used for them.
This helps in estimating and modeling freight demand and then simulating and

forecasting results (Kaszubowski D. et al., 2018).

2.2 Urban freight transport

Cities are densely populated areas in addition to being centers of
production and consumption. Most transportation of goods and people begin
and ends in cities, often passing through many cities on longer journeys. The
movement of large quantities of goods through transportation networks that
connect large land uses such as industrial and manufacturing facilities,
warehouses, and commercial areas, in turn, supports and interacts with urban
activities. Typically, these flows are organized at major crossing points in cities
such as distribution centers and truck depots as well as railways, ports, and
airports (Rodrigue J. et al.,2020).

Freight movements are complex. There is an increase in freight traffic in
many countries, which may have a substantial, direct, and broader influence on
urban life. Increasing volumes reflect a rise in the magnitude and complexity of
freight's influence on cities (Van Duin J. et al., 2007).

Although Urban Freight Transport (UFT) is critical to the economic
development of cities as well as to ensure the quality of life of the residents, at
the same time it is a challenge for these areas, due to several reasons, the most

important of which is the lack of proper planning for the movement of freight



flows. The basic strategy is the development of local development plans related
to the development of roads and infrastructure to face the challenges that
coincide with the movement of freight vehicles within urban areas (Watkiss
P.et al., 2003).

(Akgiin E. et al., 2019) outline the most important issues and problems
facing urban freight delivery that must be taken into consideration to improve
urban freight operations: security, street lighting, signage, lack of unloading and
loading space, noise, and vehicle delivery restrictions at night. Therefore,
analyzing urban freight logistics problems is a complex matter that requires a
capital of data and information, the development of models, and assessment
plans.

Regarding to the regulation of access and the operations of unloading and
loading goods, studies have shown that the most common restrictions those
approved by public authorities and proven to have a positive impact on
regulating the movement of freight vehicles within urban areas are based on
limiting the arrival of goods vehicles to specific streets within the city during
certain periods of the day, as well as determining the type of vehicles allowed to
enter either a particular road or a particular area. These types of restrictions are
depended on several factors like including transportation infrastructure,
customers behavior, weight and size of vehicles. (Allen j. et al., 2007).

Plate 2.2 show some type of these restrection.
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2.3 The significance of urban freight transport and its
efficiency

Effective freight transportation is essential to a successful and efficient
system of urban transportation networks, which are essential to serving the
requirements of both businesses and city residents. Thus, providing efficient
freight transportation is a key aspect of urban development, which is critical to
maintaining cities' economy and live ability, (Anderson et al., 2005).

As urban traffic congestion worsens, the ability to reach efficient
operations in freight forwarding in metropolitan area is questionable. Despite
the successes achieved by the industry in terms of improving vehicle
productivity, traffic congestion imposes significant restrictions that impede
additional improvements (Browne M.et al.,2011).

(Marcotullio PJ., 2009) Summarize the problems and obstacles facing
workers in the freight forwarding sector within urban areas, which impede
transportation and delivery operations and reduce the efficiency of urban freight

as shown below:

11



» lIssues with traffic flow and congestion caused by high traffic volumes,
accidents, the inadequate infrastructure of roads, narrow street geometries,
and bad driving behavior.

» Transportation challenges include the neglect of freight transportation
requirements in city and traffic layout, as well as other key issues such as
limited or no access to vehicles based on time and/or vehicle type, and truck
routes.

» Problems with parking of the vehicles, unloading, and loading of products,
insufficient area for unloading goods, heavy fines, and commodities
handling.

» Customer and receiver-related complaints include long lines for deliveries
and collections, trouble recognizing the receiver, collection and delivery
timeframes desired by customers and receivers.

The negative impacts of transporting freight in urban areas are relatively
well known and there are great efforts to estimate the additional expenses
caused by these effects. The most important issues related to the procedures and
policies that must be taken to reduce these impacts to achieve a better efficient
and sustainable outcome for the freight forwarding sector in terms of
environmental, social, and economic. (Allen j.et al., 2010).

(Nguyen, H.O. and Tongzon, J., 2010) Clarified that the investment in
transportation infrastructure, as well as innovation in information and
communication technology and cargo handling, can help to reduce costs and
enhance freight transport efficiency. Within the field of urban freight transport,
many initiatives are based on modern and innovative policies in planning and
management aimed at reducing the negative effects of urban freight and
improving freight efficiency, thus enhancing sustainability in urban areas.

Table 2.1 shows an explanation of the main freight initiatives.
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Table 2.1: Classification of important urban freight initiatives (Nguyen,
H.O. and Tongzon, J., 2010)

Category of initiatives and
objective

Example

Operations

« To improve operational efficiency
including speed and reliability of
deliveries, reduction of costs,
convenience and customer
service, and operational safety.

« Off-peak/night deliveries.

« Information and technology tool (real-
time traffic information, routing and
scheduling, vehicle tracking systems).

« consolidation of deliveries.

Land use and infrastructure

« To reduce demand for freight
transport by reorganizing land use
patterns in Urban area.

« Relocating logistics and industrial
activities.

« Off-street unloading facilities.

« Underground logistics system.

Environment

« To reduce or minimize the
environmental impacts of urban
freight transport.

« Urban consolidation center.

« Use of environmentally-friendly/clean
vehicle (electric vehicles, freight
trams, cargo bikes).

« Low emission zones.

Regulations

« To influence urban transport
behavior and patterns through the
implementation of traffic and
transport policies.

« Access restriction (vehicle weigh size/
dimension/time/load factors).

« Dedicated facilities for freight traffic.

« Road pricing.

Technology

« To Improve operational
performance through equipment
and facilities.

« Access controls systems.
« Information technology for reduced
noise operations.

2.4 Impact of trucks on traffic flow

The majority of commodities consumed today are produced hundreds of
kilometers elsewhere. As a result, the demand for freight transportation is
increasing dramatically, harming traffic congestion and air pollution levels
(Chankaew N. et al., 2018).

Although trucks play an important role in road freight network, they are
also a significant contributor to traffic accidents and congestion. Trucks have a

considerable impact on roadway capacity and overall efficiency, among other
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things, due to their physical (e.g., size) and operational (e.g., acceleration and
deceleration) characteristics (Sarvi M.,2013).

Trucks can obstruct the progress of fast vehicles due to their slow
acceleration and top speed. Furthermore, heavy trucks have been demonstrated
to cause blurring of vision to the vehicles behind them, leading to a change in
their driving behavior. As a result, studying the impact of trucks is critical for
improving traffic operations (Kong D. and Xiucheng G., 2016).

(Johannes S.et al., 2000) discuss the influence of trucks on traffic flow
which have a lower maximum velocity than ordinary cars. The study discovered
that even for the case of 10% trucks in the system, the mean velocity of all
vehicles is significantly larger than the maximum velocity of the trucks within
this time range. But the influence of trucks is negligible in case of high density
of vehicles within current section of road where jams dominate the system.

Ezquerro S. et al., (2018) studied a model used in Santander, Spain, to
improve the administration and planning of freight vehicles traveling from
outside the city to a specific location in the city center. The model optimizes
large freight vehicle planning and management within city centers (lorries used
to load and unload large amounts of commodities) by evaluating several feasible
routes, which are specified by the space constraints and turning radii appropriate
for this type of vehicle. The model's strength is built on bilevel mathematical
programming, which allows variables that represent characteristics of the city
network to be nested within the issue of cost minimization, allowing for a more
accurate reflection of the practical situation. According to the study, better
management and planning of large vehicle traffic reduce its social, economic,
and environmental impact on cities. It is necessary to select both the types of
vehicles and the routes to be used to minimize the costs connected with the

movement of these vehicles and their impact on urban traffic.
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2.5 Selection of the truck’s routes

The selection of certain routes for usage by trucks is a very important

strategy. The following are some of the major things to consider while choosing

good truck routes (Satoh L., 2011):

Routes should include all significant roads in the region as well as
connections between them.

The roads should connect to key freight sources.

Traffic lanes should be within the limits of the standard specifications.
The routes must be selected with adjacent land uses in consideration;
residential and commercial land uses, as well as sites with high pedestrian
activity, should be avoided to the greatest extent possible.

Roads used as a part of the network must have good road geometrics with
few sharp turns

All roads on the network should have adequate traffic control.

All planning authorities with responsibilities for roads in the urban area
and the freight transport industry should be involved in the selection of
proposed routes.

Adequate and clear road signs, as well as map distribution, are important
to the route's successful implementation.

The routes of the Truck may be limited to certain vehicle types, the

following are the most common (Frank W.C. et al., 2000):

» Over dimensional truck routes: These include designating special

routes for vehicles that exceed specific legal mass, height, or size limits
as shown in plate 2.3. Routes should be chosen with overhead clearance,
appropriate turn radii at junctions, and minimal effect from other traffic,
The routes should have strong structure to accommodate heavy vehicles

and should be clearly signed.
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» Hazardous load routes: These include designating specific routes for
trucks transporting hazardous materials. A risk assessment approach
should be used to designate truck routes and upgrade plans for the
management of transporting hazardous commodities. The following
characteristics should be present on roads used to carry hazardous
products in urban areas:

e The roads should be as straight as possible.

e Routes should avoid densely populated areas such as shopping malls,
schools, and hospitals.

e [t is best to avoid rail level crossings.

e The route chosen must consider the potential levels of risk exposure.

2.6 The impact of efficient usage of infrastructure on
freight flow

Transport development and logistics performance enhancement are
critical challenges for countries seeking to increase their competitiveness in the

global economic market. The good infrastructure supports trade flows and so
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increases the chances of international commercial success while providing
effective local solutions that improve access to excluded regions and allow them
to participate in the national economy (El Khayat M.,2014).

Because it is sometimes difficult to extend existing roads in urban areas,
the management and appropriate planning for infrastructure usage in terms of
time and space are critical for urban planners. Some towns, for example,
provide designated loading spaces or bays for commercial traffic to enhance
working conditions for transport operators while also lessening the negative
consequences of unloading and loading products. Both urban planners and
transportation operators must provide efficient and dependable delivery to
sustain the urban economy. The following are the essential issues that need to
be taken into account in order to establish a sustainable and successful approach

for efficient usage of infrastructure (Russo F. and Antonio C., 2011):

e The delivery vehicles should have few social and environmental side
effects as feasible.

e For effective freight transportation, planners (from urban, city, municipal
or local transport authorities) must collaborate with freight transportation
companies.

e To minimize traffic congestion and environmental impact, transportation
businesses must improve operating efficiency

Garth T. et al., (2007) demonstrate several approaches to achieving goods

vehicle access and loading objectives in urban areas, as shown in Table 2.2.
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Table 2.2 Reaching and loading cargo vehicles in urban areas approaches

(Garth T. et al., 2007)
Ea Objectives Approaches available
|
Obtaining support from the
1 | freight industry for freight » Freight transport partnerships
plans and initiatives
» Telematics for urban goods transport
Improving journey time > Signing D .
2 reliability of goods vehicles » Urban freight information and maps
» Allowing night deliveries
» Lorry lanes or no car lanes
» Telematics for urban goods transport
» Signing
Helping goods truck drivers on » Lorry routes
3 their journeys and decreasing » Simplification & coordination of
goods vehicle trips and vehicle weight, size, and
kilometers construction regulations

Urban freight information and maps
Urban consolidation centers

Providing on-street loading bays.
Nearby Delivery Area
Urban consolidation centers

Supporting freight transport
4 | companies at the point of
delivering and collection

vViv vy Vv vy

Vehicle weight, size, and
emissions standards regulations
Time regulations for goods
vehicle access and loading
Allowing night deliveries
Environmental zones

Lorry lanes

Infrastructure improvements
Encourage the use of
environmentally-friendly
vehicles

v

Reducing environmental
impacts and the risk of
accidents involving goods
vehicles

vV vy VvyYVvyywy

2.7 Urban road network expansion

Road networks are an essential factor in the economic growth of
countries. Road networks have a major role in the process of freight transporting
and distributing products and services around the world, in addition to their

effective role in facilitating the movement of people between different
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destinations such as workplaces, hospitals, schools, and others. Road network
infrastructure is important in improving the efficiency and success of countries
and raising the standard of living for people ,as countries that have a network of
roads with a developed infrastructure are more expected to benefit from trade at
the local and international levels.

Therefore, it is always necessary to develop plans and projects aimed at
developing and maintaining road networks to ensure the quality of connectivity
between different regions and cities (Zhao G. et al., 2017).

In many countries, road networks in urban areas are usually severely
congested, which causes long travel times and frequent stops during movement,
and consequently inconvenience to passengers and vehicle drivers with the high
noise level, air pollution, and traffic accidents (Teodorovic D. and Janic M.,
2016).

The road network is the backbone of urban planning, a major factor
driving the development of the region, and one of the most important indicators
of urban growth. The process of managing developing cities is a critical and
complex issue because urbanization improves people's lives but at the same
time poses numerous risks, the most dangerous of which is land scarcity as a
result of urban expansion and population growth, pollution and others. As a
result, studies of urban growth management, as well as studies related to
transportation networks, particularly freight transport through the road network,
have become very important to maintain the sustainability of cities (Deng J.et
al., 2009).

More researchers have recently become interested in road network
expansion as an essential aspect of urban expansion, and also the secondary
consequences on the environmental side and land use. In general, road network
studies have a long history with many views, and the results of the study are

usually temporal and regional (Coffin A., 2007).
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(Strano E.et al., 2012) investigated the growth pattern of the road
network in the Groane area of Milan's metropolitan zone from1833 to 2017 and
observed that the road network grew under a pre-existing metropolitan layout
with a high degree of centrality.

(Rui Y. and Yifang B., 2014) examined the correlation between both
density of the road network and land usage and discovered that the two
variables were strongly associated.

(Dhanani A., 2016) studied the development of the road network in two
suburban areas of London, Surbiton and South Norwood London during the
period from 1880 to 2013 using a complex network model and several methods
to find out the patterns of network growth in addition to urban expansion and
investigate the statistical relationships between road networks and urbanization.
The study discovered that the road networks in Surbiton and South Norwood
developed significantly during the period studied, resulting in the current dense
and highly connected road network as it exists today. However, Surbiton has a
lower road network density than South Norwood throughout all periods, with
densities of 10.9km/km2 and 13.6km/km2, respectively. As the study showed
the relationship between built area and network length over time is not linear,
and as urbanization progresses, building structures develop at a faster pace than
the network.

(Liang D. et al., 2019) studied the distribution of the roads and expansion
patterns of the road network in Nanjing for the years 2012 and 2016. based on
the line density estimation model. The study discovered that the road network is
not regularly distributed throughout the city, as the highest density of the road
network is concentrated in the city center and then decreases to the edges. There
is also a clear concentration to the south of the Yangtze River with the spread of
some areas along the river and then gradually dispersed towards the edges.

From 2012 to 2016, the new expansion mainly happened in the suburban area
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near the downtown region due to the new district construction planning, as

shown in Figure 2.4.
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Figure 2.4 Line density of road network in Nanjing city. (a) Line density of
road network in 2012, (b) Line density of road network in 2016, (Liang D.
et al., 2019).

2.8 Freight consolidation center FCC

Freight consolidation is a logistics strategy where a shipper combines
multiple shipments within a particular geographic region into a single shipping
container that is then line hauled to a destination point where the smaller
shipments that were part of the consolidation are broken down and shipped to
their final destination or the single shipment is delivered directly through to
final destination (Marcucci E. and Danielis R., 2008).

plate 2.5 shows a sample of the freight consolidation center.

21



=

Plate 2.5 Freight consolidation center FCC (Marcucci E. and Romeo D.,
2008).

Freight consolidation centers have been developed for a variety of
financial, environmental, and logistical reasons. The main objectives of
establishing FCC as shown (Lewis A. et al., 2010):

e To minimize the flow of freight trucks on the roads within the areas it
serves

e To eliminate the demand for storage and other logistical facilities in the
surrounding region or at the place it serves

e To change the sort of freight vehicles that access a given region or place.

According to Browne et al., (2005), establishing an FCC can help a city in
a variety of ways, both environmental and social. Among the most important
and common benefits are lower pollution, less noise, reduced traffic congestion
as well as fewer traffic accidents, all as a result of fewer freight trucks inside the

urban area.
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Additional benefits of employing an FCC, according to Bjorklund M.
and Sara G., (2015), include a safer environment for customers and other road
user due to fewer heavy vehicles, as well as enhanced delivery of products and
work system. The environmental advantages may be considerably larger if more
ecologically friendly automobiles were used. However, a notable disadvantage,
at least from a social standpoint, is the increased traffic around an FCC as a
result of greater inbound freight movement, for this reason, the location of an
FCC is critical.

The asbility of a freight consolidation facility (FCC) to function in a
given environment is based on more than simply its technological or logistical
design. To increase the chances of a successful freight consolidation center
implementation, the design must include more than just technological or
logistical aspects, such as organizational and financial aspects (Maurits HM.
and Van D., 2015).

Michael et al., (2005) conducted a comprehensive literature review and
field investigation in a total of 67 freight consolidation centers constructed
between 1970 and 2005 in several countries including Japan, Canada, Europe,
and the United States to analysis the variations in design between different
urban consolidation centers and the impact of these design variances on FCC
operation.

These design elements are detailed below:
e The Goals of an FCC.
e Distance between FCC and the delivery area.
e (Coverage of space.
e The variety and kind of items handled.
e Modes of transportation used.

e Range of the services provided.
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e Operational flexibility (for example fixed delivery schedules or on-
demand).

¢ Funding and financial support issues.

e Responsibility for transport operations.

e The degree of permanence of the center and its operations.

e Local authorities and other public-sector entities' roles.

e For FCC users, it is either mandatory or voluntary.

2.9 Using inner-city night delivery

The term "night delivery within the city" refers to the deliveries of goods
to retailers and shops in the inner-city areas during the night periods when the
city i1s usually quiet and traffic is inactive, typical working hours often range
from 10:00 pm to 7:00 am. Successful night delivery trials are done by
substituting a (higher) number of vehicles operating during the day with a
(lower) number of trucks operating at night (Macharis C.et al.,2016).

Transporting goods, in general, contributes to air pollution and
environmental damage, noting that the harm 1is greater in the case of
transporting goods within urban areas compared to long-distance transport
operations due to stop-and-go situations on crowded urban roads, as well as old
vehicles and the variety of goods delivery destinations in cities (Fu, J. and
Jenelius, E., 2018)

Scheduling product delivery toward less crowded periods has a long
history, and it was first utilized in roman law when Julius Caesar banned
commercial movement during the day to alleviate street crowding. (Sanchez-
Diaz, 1. et al.,2017).

Night delivery can reduce traffic congestion and travel times for daytime
road users; minimize the environmental impact (noise, and pollution); increase
competitiveness for freight forwarders (e.g., less freight traffic conflicts with

customers, as well as unloading and parking space available); increase delivery
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reliability for receivers, give better flexible services; as well as enhance safety
by decreasing collisions between trucks, passenger automobiles, and pedestrians
(Gatta V.et al., 2019).

Some related issues must be taken into consideration during the night
delivery to achieve more effective deliveries. Among them are the noise trouble
caused by vehicle movement at night, as well as ensuring security for workers,
cargo, and the facilities. Furthermore, having appropriate lighting is important
since a lack of general lighting could impede delivery outside of business hours
at night (Yannis G.et al., 2000).

The off-peak delivery study in New York City is one of the most
comprehensive studies on this subject. Since 2002, the New York transportation
department has investigated various techniques to improvement off-peak
shipping in Manhattan and Brooklyn. The study focuses on developing delivery
programs and assessing performance metrics. GPS-equipped mobile phones in
the vehicles involved in the study were used to capture information such as
position, speed, date, and time. The study found that the average travel speed of
vehicles at night is higher than during the day, with less delivery time for goods,
in addition to the economic benefits due to off-peak delivery in the New York
metropolitan region which is represented in many aspects, including an increase
in the efficiency of the shipping industry, and saving travel time for road users,
as well as environmental benefits for society, all estimated at (147-193) million
dollars per year, and reduction in New York City's emissions per kilometer
could be as high as 60% due to shifting freight deliveries into off-peak hours
(Holguin-Veras, J.et al.,2005).

2.10 Definition and applications of GIS
A geographic information system (GIS) is a set of hardware, software,

and methodologies that facilitate the administration, modification, analytics,
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modeling, presentation, and display of geographic information data to solve
complex planning and management concerns. (Liu X. et al., 2017)

There is many GIS software like Esri ArcGIS, Google Earth Pro,
BatchGeo, Maptitude, Scribble Maps, etc. they usually focused on gathering,
analyzing, and displaying geographical data to manage business operations.
Typical implementations can result in a savings in operational expenses. GIS
often integrates with CAD, BIM, and other drafting and design software to

enhance its analytics capabilities.

According to G2 Research Scoring Methodologies, Arc GIS consider as
#1 geographic information system software. A more complete and simple
definition of Arc GIS considers the arrangement of its data sets in layers as
shown in Figure 2.6. A group of maps representing the same area of the land in
which a specific place has the same coordinates in all of the maps in the system
allows for a better understanding of this zone by analyzing its thematic and

geographical aspects, (Escobar, F. et al., 2008)
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Figure 2.6 The concept of layers GIS ESRI layers image (Escobar, F. et al.,
2008)
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ArcGIS 1s widely used in transportation applications. Highway
maintenance, traffic modeling, accident analysis, route design, and
environmental assessment of road projects are examples of their typical uses. A
well-organized road network is a basic requirement for data input for the
ArcGIS software in transportation-related projects, as well as other information
on the general terrain and land use (Gupta P. et al., 2009).

According to (Johnston K. et al., 2001) Arc GIS is computer software
that can collect, enter, process, display, and output descriptive and spatial
information for certain objectives, and help decision-making in the planning of
agriculture, urban planning, and residential development, in addition to the
reading of any city's infrastructure through creation the layers. The program
requires entering the geographical details (maps, aerial photographs, visual
spaces), describing them in different forms (names, tables), processing them,
storing, saving, rearranged, analyzing spatially and statistically, and displaying

them in the form of maps, reports, graphics.

2.10.1 Importance of using ArcGIS in freight and urban planning

Urban planning can be defined as the technical, social, and political
process that is focused on the development and the design of land use as well as
the built environment, including air, water, and the infrastructure passing into
and out of urban areas, such as transportation, communications, and distribution
networks and their accessibility (Van M. et al., 2019).

ArcGIS have a valuable and strong analytical technique for urban planning
and administration. The characteristics of ArcGIS that make them important in

urban planning are (Easa S. and Yupo C., 2000):

o Data from several sources may be input and combined.

o Data consistency can be preserved.

o Data updates are simple to carry out.

o It is possible to accomplish flexible data storage and recovery.
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ArcGIS contributes to sustainable urban planning and management
through the following ways; analyzing the existing situation for adequate urban
planning process; producing and maintaining geographical information which
helps for planning of urban areas and cities; providing quick access of data to
planners and other stakeholders which eases the wurban planning and
management process; enabling planners to make effective, efficient and
informed decision with regards to urban planning and management; enabling
monitoring, evaluation and provision of feedback with regards to
implementation of urban plans (Reddy, P.S., 2021).

(Falzarano et al., 2007) described a process of creating an intermodal
freight transportation network to analyzes freight traffic along the U.S. Eastern
Seaboard by developing of the Geospatial Intermodal Freight Transportation
(GIFT) model using ArcGIS program. The model can be used to identify
energy, environmental, operating cost and time tradeoffs associated with
intermodal freight transport to connect various modes (highway, rail, waterway)
with transfer facilities and port terminals via artificial nodes and links.

Decision makers can use the model to explore tradeoffs between alternative
routes across the three modes for freight transportation, and identify optimal
routes for objective functions that feature energy and environmental parameters
(e.g., minimize CO2 emissions). It is possible to run a scenario in the model
that simulates the impact of a congestion mitigation policy or the introduction of

CO2 reduction technologies.

2.10.2 The use of ArcGIS to analysis the characteristics of the
road network.
The topological structure of road network is a significant factor that shapes

the city. Evaluation of the road network is therefore an important aspect of
urban transportation planning. Recent advancement in geographic information

system has enhanced the understanding of the topographical properties of road
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networks, ArcGIS program provides the possibility to study the topological
pattern of the transport network and evaluate the urban road transport system,
using graph theory that provides a basis for the identification of the network
pattern (Ahmed R., 2017).

Kanksy studied the structure of transportation networks and developed
various descriptive indices such as alpha, beta, gamma, indices for measuring
the connectivity of networks. Network length, intersection density and network
density are parameters which quantify the coverage of the road network (Daniel
CB. et al., 2020)

Beta index (p)

The B index is calculated as follows:
. d — e
p index = -

The value of this index ranges between (0-1), zero means that the network
consists of only nodes and has no links, and it is called unconnected network.
But if the value of the indicator reaches one, then this indicates the existence of
complete interconnection with the network, while if it rises above one, this
indicates the presence of more integrated and developed network.

Alpha Index (a)
The a index is calculated as follows:
e—(wv—-1)
T 2w-5)

The alpha indicator represents another type of method for analyzing the
degree of interconnection in urban transport networks. The value of the
indicator ranges between (0-1), where zero means no network interconnection
and one mean maximum network interconnection.

Gamma index (y)

The y index is calculated as follows

e

Y=3w-2)
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This index measures the theoretical maximum connectivity of a network.
The value ranges from 0 to 1, with a higher value indicating a more connected
network.
*(e) = Number of links, and (v) = Number of nodes.

(Alterkawi M., 2001) studied the road network in Riyadh using
geographic information systems after creating a geographical database for roads
to use in determining the network's strengths and weaknesses, as well as ease of
access by determining the shortest path, service areas, and traffic congestion.
The study concluded that ArcGIS technology is an excellent tool for evaluating
spatial data and plays an important role in transportation planning by providing
a database from which planners and decision-makers may benefit and also
discovered that several Riyadh roads are suffering excessive traffic. The study
proposed extending the usage of ArcGIS in the sector of transportation to
identify the most significant defects and difficulties that road networks face and
convey them to decision-makers so that they are taken into account in the
planning processes.

(Sola O., 2011) analyzed the characteristics of the road network in
Nigeria's Ekiti area. For the aim of evaluating the road network connectivity
ratio in the region and identifying the most important nodes that can be easily
accessed, as well as investigating the topographical characteristics of the road
network in the study area, the graphic theory was used in measuring the road
network connectivity ratio based on the beta, gamma, and alpha index. The
study recommended that the present road network, particularly the exterior
roads, should be rehabilitated and rebuilding the narrow bridges located on the
highways to avoid traffic congestion and facilitate the movement of residents,
goods, and services in the region.

(Patarasuk R., 2013) investigated the relationship between road network
development and its connectivity in Thailand using statistical analysis and graph

theory-based network indicators. Despite an increase in the overall length of the
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road network in the research region, the study found that connection to the
network is poor. This means that, even though the purpose of road development
is to facilitate the access to the different land use activities, the connectivity of
roads cannot be ascertained. connectivity of the region depends on where roads

are developed, whether linking existing roads or developed as dead-ends.

2.10.3 Network analysis tools in Arc GIS software

Arc GIS network analysis is considered one of the most important tools in
ArcGIS software that performs the process of spatial analysis of networks to
provide many important services such as determining the best path with finding
service areas and accessibility, in addition to finding paths related to the
destination and origin areas. The work of this tool is based on a complex model
that has been integrated with the ArcGIS program to carry out these works ,
when this tool is activated, the program uses a specific algorithm to discover the
shortest path of roads, which was invented by Dijkstra in 1953, to decreases the
time, money, and effort required to determine the optimum path between the
origin and destination points, the algorithm divides the network into a group of
nodes and the paths are represented as lines connecting these nodes, (Rabab H.
et al., 2013).

(Curtin, K.M., 2007) show that the network analysis method in ArcGIS
application can execute efficiently to study and analysis any network, all the
detailed data of the network must first be entered into the program, where a
series of commands known as spatial commands provided by the program is
activated to deal with this data and perform network analysis.

(Wazer Z. and Noor M., 2021) investigated the road freight network in
Baghdad city to analysis freight traffic travel patterns, and identify potential
locations for freight logistics facilities that can be created within the city using

freight data and network analysis tools provided by the Arc GIS technique. The
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proposed warehouses contribute to finding solutions for road users and
especially (truck drivers) by facilitating the arrival of goods distributed.
(Kumar P. and Dinesh K., 2016) studied the road networks in India in
terms of finding the most effective routes for the roads by determining the
direction of movement and service areas based on the travel time and distance.
(Falih K. et al., 2016), studied the road network in the city of Nasiriyah
using the network analysis tool in the ArcGIS program to find the best path for
the movement of vehicles traveling to the city center based on the shortest

distance and the least time to arrive.

2.11 Summary

Freight transportation is extremely important in determining the region's
economy. The increasing importance of goods transporting in urban areas is
connected to city population growth as well as increasing economic
development, which leads to higher levels of demand for goods transport
services which is proportional to the size of the city and its economic activity.

The transportation of goods on road networks has increased, and the
excessive usage of roads by freight vehicles in addition to passenger cars has
resulted in several negative social, environmental, and economic consequences.

To overcome these negative impacts, planners and decision-makers must
adopt a comprehensive approach to planning and implementing initiatives that
aim to improve transportation sustainability and deal with considering freight
transportation alongside passenger transportation to balance the economic,
social, and environmental impact of freight. These plans should take into
consideration specific city conditions from a variety of perspectives, such as
present traffic volumes and modal split, current transportation infrastructure and
road design, as well as the city's size, population density, economic level, and

geographical location.
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ArcGIS enables transportation planners to analysis and store large
amounts of data for population density, land use, and traffic patterns, etc. It is
also considerably used in the analysis, planning, and management of complex
road network systems that affect transportation effectiveness and vehicle
movement management, such as analyzing the pattern of freight truck traffic
within road networks.

By using ArcGIS software greatest accessibility for determining the
optimal paths of freight trips in a city can be obtained, as well as analysis of
transportation networks, and the calculation of the trip distances and total
driving duration starting from a specific point to their destination. This
knowledge can help in saving time and get the optimal cost-benefit ratio by
reducing journey time and total distance traveled by vehicles, minimizing
congestion, fuel consumption, and air pollution emissions.

Despite the importance of transporting goods and the significant increase
in the number of trips resulting from the movement of freight vehicles through
road networks within cities of Iraq, there is a deficiency in the studies related to
the analysis and planning the freight transportation. In previous studies, there is
a single study that was conducted in the city of Baghdad about this subject.

The current study showed the analysis of freight transportation in Hilla
City, which can be classified as a receiving area for goods due to its
geographical location, by analyzing the service areas, loading, and unloading
sites, drawing an exact freight road network digital maps for the whole city, and
determining the optimal path for the trips of freight vehicles across the network
to evaluate traffic conditions within these paths and then identifying problems

and proposing potential solutions for them.
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Chapter 3
Methodology and Data Collection

3.1 General

This chapter provides a general explanation of the study methodology,
starting with an explanation of the study area and the road network, in addition
to the data collected and the surveys that were conducted to analyze the freight

road network in Hilla city. The diagram methodology has been illustrated in the

_j

o I
—
=

Figure 3.1 Diagram methodology.

34



3.2 Study area

The study area is the city of Hilla, the center of Babylon's province. It is
located at 32.29 degrees north of the equator and 44.28 degrees east of
Greenwich, about 100 kilometers south of Baghdad, the capital of Iraq.

Babylon province is located in central Iraq and occupies the northern part
of the middle Euphrates region. It is surrounded on the north by Baghdad
province, on the southeastern by Qadisiya province, on the east by Wasit
Province, on the west by Anbar and Karbala province, and on the south by Najaf
province.

The area of Hilla city was about 161km.As shown in Figure 3.2, this site
mediates a number of administrative districts of Babylon Governorate, including
(Al-Hashimiyah, Al- Mahawil, Al-Qasim, and Al-Musayiab). According to Babil
Statistics Department data, the population of Hilla City is approximately 28.19%
of the total population of Babil Governorate, which is 2,288,102 people.

The city of Hilla is distinguished by the importance of its strategic location
in linking the mainland trade between neighboring provinces as well as other
districts of Babylon province through the five main entrances to the city (Nile
entrance, Athar entrance, Hilla - Karbala entrance, Hilla - Najaf entrance, and

Hilla - Diwaniyah entrance), as shown in Figure 3.3 and Figure 3.4.
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3.3 Freight traffic data in Hilla city.

The movement of goods within urban areas is vital since cities are the center
of economic and social life. The sustainability of cities cannot be viewed without
giving considering the role of goods transport. Therefore, Freight vehicles
constitute an important component of the traffic flow on the road system in Hilla
city.

The process of analyzing freight movement primarily includes activities
related to the collection and analysis of freight data, knowing the main places for
goods to enter the city of Hilla and the areas that represent destinations for freight
vehicles within the city to unload their cargo to ensure an efficient and sustainable

general movement of freight traffic in the city of Hilla.

3.3.1 Main entrances of Hilla city (Origins of freight vehicles)

The city of Hilla has five main entrances, linking the traffic between the
city center and the districts of Babylon province, as well as the neighboring
provinces. The entrances and exits of the city of Hilla are the main outlets for
trade exchange between the city of Hilla and the neighboring provinces due to its
strategic location of Hilla, where it is considered the main road node leading to
southern Iraq.

The first entrance to the city of Hilla is the northeastern entrance and is
called the Nile entrance (EN1). It is considered one of the most important
entrances to the city because it connects the city of Hilla with the international
highway, which is one of the most important roads in Iraq, linking Baghdad with
the southern provinces, as well as linking the country with Syria and Jordan
through Anbar province.

The second entrance to the city of Hilla in the northern entrance and is
known as the Athar entrance (EN2). which connects the city of Hilla with the

districts of Babylon province from the north, as well as connects the province of
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Babylon to the city of Baghdad and the northern provinces through Hilla-
Baghdad Road.

The third entrance is the northwest entrance of the city and is known as the
Karbala entrance (EN3), which connects the city of Hilla with the city of Karbala
through Hilla-Karbala Road.

The fourth entrance is the southern entrance to the city of Hilla and is
known as the Najaf entrance (EN4) , which connects the city of Hilla with the
AI-Kifl district and the city of Najaf through Hilla- Najaf Road.

The fifth and last entrance to the city is called the Diwaniyah entrance
(ENS). It connects Hilla city with the districts of Babylon province from the
southeastern side of the city, as well as linking the province of Babylon with the
city of Diwaniyah through Hilla -Diwaniyah Road.

The Location and coordinates of each entrance are shown in the Table 3.1
and Figure 3.5:

Table 3.1 Coordinates of Hilla city entrances.

Coordinates

No. Entrance

X Coordinates Y Coordinates
EN1 Nile Entrance 460551.8193 3600392.2344
EN2 Athar Entrance 445928.0371 3603986.2005
EN3 Karbala Entrance 437349.7323 3600273.5886
EN4 Najaf Entrance 443583.5089 3582387.7083
ENS Diwaniyah Entrance 449935.2284 3587521.2082
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Figure 3.5 Main entrances of Hilla city by ArcGIS 10.4 software

3.3.2 The main road network in Hilla city

The main road network within Hilla city can be classified according to the
requirements of highways as shown below
Major Arterials: These are generally 3-lane dual carriageways with a limited
number of access points. They serve areas within the city which are usually long-
distance traffic and responsible for linking the city's sectors to each other and to
the external roads. It is considered a vital part of the road network in the city with
high traffic volume, characterized by the free flow speed of 80 km/hr for the
vehicles therein and is provided with a number of traffic signs, with a total length

of 77.412 km.
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Minor Arterials: These are generally 2-lane dual carriageways with a large
number of access points. They provide links between major arterials and
represents the main distribution network for the main streets in addition to being
dedicated to serving the different sectors of the city and sometimes to the
residential neighborhoods as well as providing commercial, industrial, and

recreational services with a total length of 35,082 km.

3.3.3 Trucks classification

Trucks are usually classified based on their size, weight, numbers of axles,
type of operations and commodities they haul. There is not a unique classification
system for trucks. Generally, agencies categorize trucks based on the number of
axles, carrying capacity, or weight. FHWA (Federal Highway Administration's)
and VIUS (Vehicle Inventory and Use Survey), categorizes trucks based on their
GVWR (gross vehicle weight rating). This classification system, shown in Figure
3.6 has eight classes ranging from 1 to 8 (Matthew C., et al, 2017).

According to this type of classification, trucks can be grouped as bellow:
I-  Light Duty including class number (1 & 2) vehicles.

2-  Medium Duty including class number (3, 4, 5, & 6) trucks.

3-  Heavy Duty including class number (7 & 8) trucks.

The analysis of freight trucks in this study based on truck classification from
(class 3 to 8).
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Figure 3.6 GVWR. Truck classification according to the Vehicle Inventory
Use Service (VIUS) and (FHWA).

3.3.4 Freight data collection

The freight data collected for the analysis of the freight road network in
Hilla city at main entrance includes the following:
* Calculating the traffic volume of freight vehicles entering and exiting the
city of Hilla.
+ Traffic speed data for freight vehicles.
* Origin and destination surveys of freight vehicles.
« Data of road network used to transport goods in the city of Hilla.

» Travel time data for freight vehicles.
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« Vehicle classification counts.
To collect the required information as stated above two types of surveys
are necessary to be conducted: Traffic volume counting survey and roadside

interview survey (Questionnaire).

Vehicle traffic count survey

Vehicle counting is an essential traffic analytics strategy, The main
objectives of the traffic count survey are to obtain the current traffic volume on
the main lanes, and analyze the current traffic situation. To analyze the traffic of
freight vehicles in the city of Hilla, the freight trucks volume at the main
entrances to the city will be calculated by the manual counting method using a
portable video camera installed on each side of the road for the vehicles entering
and exiting the city at each entrance, taking into account the following
considerations:

e Selection of the day in the week to conduct the survey: The choice of
survey days is critical in the scanning process because it greatly influences
which traffic will be relied upon in the analysis. Therefore, the days for the
survey were chosen to take into account the increase in truck traffic on
weekdays and its decrease on weekends, and as a result, Monday was
chosen at the beginning of the week and Wednesday at the end of the week
to get the most effective and actual movement of trucks.

e Selection of the time in a day to conduct the survey: Time is one of the
important factors that are used to evaluate the performance of freight
transport, by selecting the effective movement times during peak hours,
The survey time was chosen after conducting field interviews with freight
truck drivers and check point employees responsible for checking and
entering freight trucks at each entrance to the city of Hilla to determine the
times with the highest traffic volume for trucks entering the city.

Therefore, two periods were determined to calculate the traffic volume
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based on the A.M and P.M periods. Each period was two hours, the

morning period (10.00 -12.00) AM, and the evening period (4.00-6.00)

PM. The hour with the highest traffic volume in the morning and evening

period is selected as the peak time for freight vehicles entering Hilla city.
After calculating the traffic volume of freight vehicles at the city entrances in the
morning period (10.00-12.00) AM, the traffic volume at the hour (11.00-12.00)
AM was the largest, as listed in Table 3.2.

Table 3.2 Traffic vol. of freight vehicles in the morning period

v Entering freight Exiting freight
§ Entrances volume volume
= At Traffic Traffic
- ) Entrances Entrances
2 (11 -12) volume ratio % volume ratio %
= (Truck/hr) (Truck /hr)
Nile 325 26.57 319 26.72
o, Athar 125 10.22 161 13.48
-§ Karbala 290 23.71 300 25.13
§ Najaf 298 24.37 263 22.03
Diwaniyah 185 15.13 151 12.65
Total 1223 1194
Nile 309 27.06 330 27.97
B Athar 110 9.63 154 13.05
% | Karbala 264 23.12 279 23.64
S|  Najaf 269 23.56 274 2322
2 | Diwaniyah 190 16.64 143 12.12
Total 1142 1180

It is evident from the above table that the total measured traffic volume for
freight vehicles in the morning period at Monday is more than Wednesday. It was
1223 (veh/hr) for vehicles entering the city and 1194 (veh/hr) for vehicles leaving
on Monday, while on Wednesday it was 1142 (veh/hr) for entering vehicles and
1180 (veh/hr) for exiting vehicles, so data for Monday will be adopted as a basis

for comparison with the traffic volumes in the evening period because it is greater
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than Wednesday by (6.62%), and (1.17%) for vehicles entering and exiting the

city respectively.
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Figure 3.7 Comparison of traffic volume of entrances by days in the
morning period.
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Figure 3.8 Percentage of traffic volume at each entrance from total
volume for freight vehicles in the morning period.
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Figure 3.9 Comparison of total traffic volume of entrances by days in the

morning period.

After calculating the traffic volume of freight vehicles at the city entrances

for the evening period (4.00-6.00) PM The traffic volume at the hour (4.00-5.00)

PM was the largest, as listed in Table 3.3.
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Table 3.3 Traffic Volume of freight vehicles in the evening period

i Entering freight Exiting freight
it volume volume
i Subceal Traffic Traffic
> 4-5) Volume Entrances Volume Entrances
= ratio % ratio %
= (Truck/hr) (Truck/hr)
Nile 198 24.75 217 25.47
o Athar 67 8.38 107 12.56
-‘é Karbala 166 20.75 164 19.25
§ Najaf 236 29.50 264 30.99
Diwaniyah 133 16.63 100 11.74
Total 800 852
Nile 211 26.81 216 30.17
5‘ Athar 78 9.91 101 14.11
é Karbala 185 23.51 143 19.97
g Najaf 188 23.89 157 21.93
= Diwaniyah 125 15.88 99 13.83
Total 787 716

It is evident from the above table that the total measured traffic volume for
freight vehicles for the evening period on Monday is more than on Wednesday.
It was 800 (veh/hr) for vehicles entering the city and 852 (veh/hr) for vehicles
leaving on Monday, while on Wednesday it was 787(veh/hr) for entering freight
vehicles and 716 (veh/hr) for exiting freight vehicles, so data for Monday will be
adopted as a basis for comparison with the traffic volumes in the morning period
because it is greater than Wednesday by (1.63%), and (15.96%) for vehicles

entering and leaving the city respectively.
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Figure 3.10 Comparison of traffic volume of entrances by days in the
evening Period.
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Figure 3.11 Percentage of traffic volume at each entrance from total
volume for freight vehicles in the evening period.
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Figure 3.12 Comparison of total traffic volume of entrances by days in the
evening period.

After comparing the measured traffic volumes at the entrances to the city

on Monday between the morning and evening period, find that the traffic volume

of freight vehicles in the morning period is more than in the evening period by

(34.59%)), (28.64%) for the vehicles entering and leaving the city respectively.

Therefore, the traffic volumes measured at the hour (11.00-12.00) A.M

will be adopted in the analysis process.
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Sample size calculation

The sample size is very important to obtain accurate and statistically
significant results and the success of the study. When surveying a large number
of peoples, it is not realistically possible to get answers from everyone. Therefore,
samples that are part of the total number of people targeted for the study are taken
at random.

In the city of Hilla, the number of trucks entering the city through the five
main entrances at the peak hour (11.00-12.00) AM varied values ranging from
325 (Truck/hr) at the Nile entrance to 125 (Truck /hr) at the Athar entrance, so
the sample size will be calculated based on these values.

To know the appropriate number of people (freight drivers) to be
represented in the questionnaire conducted at each entrance, the sample size is

calculated using (Steven k. Thompson) formula. As shown below

N *p|l —
n= pl1 —pl Equation 3.1

(v =1+ 5]} +pa =)

Where:

n: sample size

N: Population size

Z.: Confidence level at 95% (1.96)
d: Error proportion (0.05)

p: probability (50%)

After applying the above equation to the total traffic volumes amounting to
1223 (veh/hr) freight vehicles at all entrances, find that the total number of
samples required for the questionnaire (728), which is equivalent to a percentage
(59.5%) from the total volume distributed among the five entrances as shown in

Table 3.4.
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Table 3.4 Calculated sample size for freight vehicles at peak hour

Traffic volume (N) Sample size calculated
Entrances
on (Monday) Sample size | % Form total volume

Nile 325 176 14.4
Athar 125 94 7.7
Karbala 290 165 13.5
Najaf 298 168 13.7
Diwaniyah 185 125 10.2
Total 1223 728 59.5

Roadside interview survey (Questionnaire)

This survey is a questionnaire that was conducted manually at the entrances
to the city of Hilla from the drivers of freight vehicles to collect detailed
information about the vehicle and the trip, The most important of this
information, as shown in the attached questionnaire in (Appendix A) includes:

e Type of truck government or private.

e Vehicle’s axles and payload weight.

e The type of goods transported.

e The type of trip (External-External) or (External-Internal).
e Most of the roads that drivers take in the city.

e Destinations of trips within the city center.

e Traffic problems experienced by road users.

e Travel time it takes to reach the destination of the vehicle.

e Speed of driving on city streets.

Analysis of the results of the questionnaire

Each question in the questionnaire form is analyzed with percentages of the total

questionnaires at each entry as shown in Table 3.5 below.
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Table 3.5 Analyze the results of the Questionnaire

. Entrance Of Hilla City (%)
No. Question Nile | Athar | Najaf | Karbala | Diwaniyah
Type of vehicle?

1 | - Governmental 0.21| 0.19 | 0.13 0.16 0.04
- private 0.79| 0.81 | 0.87 0.84 0.96
Type of goods?

-Construction 0.40| 045 | 0.39 0.60 0.36

? -0il 0.15| 0.18 | 0.19 0.25 0.21
-Electric 0.12| 0.15 | 0.11 0.04 0.07
-Food 0.15| 0.10 | 0.16 0.05 0.16
-Other Goods 0.18| 0.12 | 0.15 0.06 0.20
The number of axles in
trucks?

3 -2 Axle 0.27| 0.23 | 0.24 0.26 0.41
-3 Axle 0.23| 0.32 | 0.26 0.31 0.13
-4 Axle 0.24| 0.27 | 0.14 0.18 0.19
-More Than 4 Axle 0.26| 0.18 | 0.36 0.25 0.27
Type of freight vehicles
trip?

4 'T(rl;:l;‘ter“al -External) 1591 067 | 061 | 0.68 0.60
_ (External -Internal) 0.41| 033 | 0.39 0.32 0.40
Trip

The most important notes on the questionnaire analysis are:

e The above results show that the type of freight vehicles varies according

to their revenue (governmental and non-governmental), government trucks
have a lower percentage than non-governmental trucks, as it ranged
between (4%) at the Diwaniyah entrance to (21%) at the Nile entrance, and
most of them are loaded with products of oil derivatives, non-
governmental trucks are vehicles belonging to the sector Special transports
different types of goods according to users' needs.

The largest percentage of freight vehicles were loaded with construction

materials at all entrances to the city, with varying proportions amounting
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between (36%) at the Diwaniyah entrance to (60%) at the Karbala
entrance.

e Although the classification of freight trucks in the study area was based on
gross vehicle weight rating (GVWR) as shown in the figure 3.6, the
questionnaire form also included a questionnaire from vehicle owners
about the number of vehicle axles to cover the limits of the study and obtain
the best results.

e The largest proportion of freight vehicles enters the city of Hilla for
transiting to other districts of Babylon province and the neighboring
provinces due to the strategical location of Hilla city, which connects
Baghdad with the southern provinces, making it an important transit route.
The percentage of these vehicles which represent (External -External) trips
ranged from (59%) at the Nile entrance to (68%) at Karbala entrance. This
is a higher percentage than the (external _internal) trips, which ranged

from 32% at Karbala entrance to 41% at the Nile entrance.

3.4 Preparing data to analysis Hilla road network by
(ArcGIS) 10.4 software

The definition of ArcGIS software is a geographical information system
(GIS) software that allows handling and analyzing geographic information by
visualizing geographical statistics through layer building maps like climate data
or trade flows. The strength of this software comes from its ability to integrate
large amounts of information as well as the wide range of tools that can be used
for data study and analysis.

The main feature of the ArcGIS software is that it enables the user to
determine the spatial relationships between different map features. As well as
creating maps with different scales, projections, and colors. This program is not

just a mapping tool, it acts as an analytical tool by providing new ways to read,
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link, and analyze data by displaying tabular data in the maps in addition to

integrating data from different and various sources.

3.4.1 ArcGIS implementation in analysis of road network

A model has been created to analyze the movement of freight vehicles
within the city of Hilla using the ArcGIS 10.4 software, illustrating the process
of choosing the best route for freight vehicles between the point of origin (the
city entrances) and the destination of the vehicles. Figure 3.13 shows the
procedure to find the best route (fastest route) for freight vehicles through road

network.

Figure 3.13 Modeling for finding the fastest route by using ArcGIS10.4.

3.4.2 Study area network

After the stage of data collection, which was previously explained in
details, the data is now entered in a satellite image for Hilla city, while the
coordinates are entered according to the geographical location of Hilla city. On
this basis, the road network was built, which begins with preparing the satellite

image for the drawing, as shown in the Figure 3.14.
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A network dataset can be constructed in a geodatabase or shapefile
workspace. Network datasets are well suited to model transportation networks.
They are created from source features, which can include simple features (lines
and points). When network analysis is required, it is always done on a network

dataset.

Plate 3.14 Hilla satellite image.

3.4.3 Preparing the layers of the road network.

To conduct road network analysis, it is necessary to prepare road network
files; and draw the network with all its details including streets, intersections, and
bridges in Hilla city using the ArcGIS 10.4 software. The first step is preparing
and creating the required necessary files those contained the Geodatabase file
and downloading the satellite image according to the coordinates and
geographical location and merge them with main Feature Dataset file, as shown

in the plate 3.15.
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New Feature Dataset

Choose the coordinate system that will be used for XY coordinates in this data.

Geographic coordinate systems use latitude and longitude coordinates on a spherical model
of the earth's surface. Projected coordinate systems use a mathematical conversion to
transform latitude and longitude coordinates to a two-dmensional inear system.
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Plate 3.15 Building the main layers (feature data set) of freight road

network using Arc catalog program.

The second step is creating new Feature Classes in the main feature data
set file These Feature Classes which are also called shapefiles are created for
the all-road network items including (point, polyline, and polygon) feature,
polyline represents the layer of the main roads and bridge in Hilla city which
include (898) link while the point feature represented node layer which includes
(642) nodes, zones layer represented the polygon areas on the map as shown in

the plate 3.16.
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Plate 3.16 Building the sub-layers (Feature Class) of freight road network
using Arc Catalog Program.

3.4.4 Preparing the database of attribute table for Hilla road

network.
The data that was entered in the attribute table for Hilla Road Network

includes three main types:

The first type is descriptive data that describes the road link, including
(Iength, width, number of lanes, and speed). The length of the roads is calculated
automatically by the Arc GIS program when drawing. The information regarding
the width of the road and the number of lanes was taken from the Municipality
of Hilla Directorate, the speed data was collected using field surveys to
investigate average travel speed for freight trucks at each entrance and roadway
section and compare it to speed data obtained from the Babil Traffic Directorate

in addition to the questionnaire information. The questionnaire form included a
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question about vehicle speed to identify the driver's behavior in using the trucks
traffic lanes in the study area.

The second type data is cost attributes and includes travel time in minutes,
it 1s extracted depending on speed, it is very important data in network analysis
when finding the best route for vehicles.

The third type of data is called restriction attributes, and it is also important
data in network analysis which included direction of roads movement (One way
or two way), where they are distinguished by giving the number (1) for one-way
roads and (0) for roads that are in two directions, in addition to specifying closed
roads. Figures 3.17 and 3.18 show the final feature class of fright road links in
Hilla while Figure 3.19 shows some of these features Data, and the full data are
tabulated in Appendix B.
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Figure 3.19 Part of the data set of links attributes.
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3.4.5 Database of nodes shapefile

The database of nodes layer contained the number and the geographic

coordinate of nods (E and N). An example of these attributes is shown in Table

3.6 and Figure 3.20, these were inserted in the attributed table of nodes layer. The

attribute of nodes is necessary for network analysis of road networks for the study

arca.

Table 3.6 Part of nodes and intersections attributes

ID (E) Coordinate (m) (N) Coordinate (m)
1 436139.1283 3600456.92
2 436141.0173 3600477.75
3 438124.541 3600009.606
4 438130.1589 3600022.11
5 439712.8469 3599185.417
6 439725.4014 3599203.8
7 440602.8152 3598637.465
8 440616.5074 3598654.644
9 440616.762 3598627.904
10 440629.2453 3598645.523
11 441903.7714 3592167.039
12 441911.7366 3592153.65
13 442073.3339 3597803.064
14 442081.7601 3597821.074
15 442138.7433 3592219.003
16 442138.745 3592218.992

642 461072.6777 3600639.504
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Figure 3. 20 Layer of nodes of Hilla city fright road network.
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3.4.6 Applying the network topology to the layers of the road

network

After completing the drawing of the road network with all its details, the

topological correction features available in the ArcGIS10.4 software is activated,

it is to provide a difficult automated method for cleaning and validating data entry

errors. By digitizing all the lines, building the structure, naming the polygons,

then cleaning up the splinters, protrusions, and extra lines, and building the

structure again, according to a set of rules and laws imposed by the program and

repeating the cleaning and building stages as many times as necessary.

One of the most important rules that have been applied to the road network

of Hilla city, which was drawn previously, are (Must not overlap, must not

intersect, must not have dangles, must not be a single part, and must be inside)

Topology Properties

General Feature Classes  Rules  Emors

(Generate Summary Export To Fﬂe
Rule Errors  Exceptions
Must Be Larger Than Cluster Tolerance 0 0
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Main_Hilla_Freight_Street 0 0
Must Mot Intersect
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Main_Hilla_Freight_Street 0 0
Must Mot Self-Intersect

Main_Hilla_Freight_Street 0 0
Total 0 0
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Figure 3.21 Topology error window in ARC GIS program.
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After applying all the above rules, the sum of the errors shown in the
drawing must be equal to zero as an indication that the required corrections have

been made as shown in Figure 3.21 above.

3.5 Analysis of the Hilla road network using statistical
methods and the ArcGIS program.

The first step in analyzing the road network is to transform it into a
topological network consisting of a group of nodes and links. The nodes have
spatial locations. The links represent the connections between these nodes. Where
the arrangement and connection of nodes and links within a network are called a
topology.

Many scales and indicators are used to assess topology, the most important
of which are graph-theoretical scales, which can be used to assess the
configuration of a transport system depending on some indicators and statistical

measures such as connectivity and coverage.

3.5.1 Connectivity

Connectivity measures evaluate the intensity of connections between road
segments. Connectivity refers to directness of travel between destinations. A
well-connected network has many short links, numerous intersections, and
minimal dead-ends providing continuous, direct routes to destinations.

There are some quantitative indicators to measure the connectivity of
networks using the graph theory, including the Beta Index, Alpha Index, and
Gamma Index.

The following is the result of applying the Connectivity equations (which
explained in chapter two previously) to the road network of Hilla city.

e Number of link(e) =898
e Number of nodes (v) =642
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1- Beta index (p)

e 898
ndex = —= — = 1.39
p index = a2

The value of the beta index from the above equation is (1.39), which
indicates that the network is interconnected and integrated according to this
indicator. However, this indicator 1s used in networks where the lines are not
crowded within a narrow urban range, so it is not considered an acceptable basis

for relying on it in analyzing the degree of network interconnection (Aziz M.,

2003).

2- Alpha Index (a)

_e—(v-1) _ 898-(642-1) _
T w—5 ~ T 20642-5) =

3- Gamma index (y)

e 898

“3(w-2) 3(642-2) 047

14

Table 3.7 Connectivity result for Hilla road network.

No. | Index type | Index limit | Result Notes
B index 0-1 1.39 Neglectable value (out of ranges)
o index 0-1 0.2 Poor connectivity
v index 0-1 0.47 Poor connectivity

According to the above results, Hilla city's road network needs to be
expanded and improved by constructing more road links to increase the network's
adequacy and degree of connectivity while achieving balanced regional

development between all urban nodes and full coverage of the city.
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3.5.2 Coverage

The coverage measure describes the density of the network. It is one of the
important criteria that shows the efficiency of the network and gives a reflection
on the economic development of cities. So that when the network density is high,
this indicates that the city has a good network. Conversely, if the density is low,
it means that there is a shortage in parts of the city and that the network is weak.
The network density is one of the simplest quantitative methods, and it is
expressed by the length of the network concerning the unit of area or the number
of the population, but measuring the density of the network depending on the
proportion of the population gives a more accurate and important indicator than
calculating it depending on the area because the population is the users of roads
and is considered the operator of economic resources and the growth of

commercial activity.
The road network density is calculated as follows:

L
Network Density = Pg” 100000

Where:
L = Total Length of roads in (Km) and it equals 2345 Km.
P,= Population of Hilla city and it equals 645016 persons.

Hilla Network Density = * 100000 = 364

645016
The value of the network density for the city of Hilla from the above

equation is (364) per 100 thousand inhabitants, and it is considered a low density
when compared to the international standards included (496 km) per 100
thousand inhabitants (Falih K., 2016). This is due to several reasons, the most
important of which is the increase in the population of the city of Hilla and the

lack of adding new roads to the road network.
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Chapter 4
Analysis Results and Discussions

4.1 Arc GIS network analysis

The effectiveness of road networks has a significant impact on people's
living standards and the distribution of services and goods. As a result, analyzing
road networks is one of the most important tasks that must be completed to keep
up with the rapid growth of the population and their needs (Qasim Z.et al., 2018).

The ArcGIS Network Analysis extension allows for the creation and
analysis of effective plans for the transportation of goods, based on actual road
variables such as length, width, travel time, speed, the direction of travel, etc. for
both current and future road networks.

It performs an intelligent analysis of the transportation network and makes
better decisions, to create strategic plans for the future. This saves time and
money when creating and implementing the best route plans for the transportation
network, as well as provided easier solutions for vehicle movement
troubleshooting. And provide a practical analysis of the networks and express
them in digital data, before connecting with that network over several processes

that compute the needed pathways and show them to the people in a simple idea.

4.2 ArcGIS stages for freight travel analysis

After the freight road network of Hilla city has been created using the (Arc
GIS10.4) software as described in the previous chapter, it is ready for analysis.
The study will be separated into two parts. The first one is the analysis and
determination of the optimal path between origin and destination points, while
the second is to produce the original and destinations cost matrix (O-D Matrix).

Figure 4.1 illustrates the two parts of the Hilla roads network analysis.
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Figure 4.1 Network analysis process.

4.3 Best routes

Using the network analysis feature provided by the (Arc GIS10.4) program,
the best route for the movement of freight vehicles is found from the main
entrances of the city (the point of origin), which are considered fixed points for
entry of freight vehicles (the destination points), which are different places based
on the vehicles' destinations and according to this, the best routes are analyzed in

two cases:

4.3.1 (External — Internal) trip:

It Includes freight vehicles that enter from each entrance of Hilla city
towards the city center to unload their cargo, the most important commercial
locations that could be a destination for freight vehicles inside the city center were
determined based on the questionnaire that was conducted with the drivers of
freight vehicles at the entrances to the city. These destinations were set on the
map of the road network that was prepared by using (the Arc GIS10.4) program

as listed below:
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e Destination to the (building material stores)
Represented by the sites for selling construction materials spread on 80 Street
(Al-Siklat), their locations were determined using the (GPS) device, and a unified
location was assigned to them on the road network map. This site is considered
the most important destination for freight vehicles that enter the city because most

of the vehicles are loaded with construction materials.

e Destination to the (Hilla Oil Depot):

Hilla oil depot is a destination for vehicles loaded with petroleum products.

e Destination to the (Al-Jebal Street) :
Al-Jebal Street is considered a destination for vehicles loaded with foodstufts and
equipment, as there are stores for them in this area, in addition to the nearness of
this site to the Great Hilla Market, trading locations at 40th and Al-Jemiyah

Street, which are considered important commercial roads in Hilla city.

e Destination to the (AL-Wardiyah Food Store):
Destination for vehicles loaded with fruits and vegetables for the northern part of

the city.

e Destination to the (Babel Food Store):
Destination for vehicles loaded with fruits and vegetables for the southern part of
the city.
The results of the best routes analysis for the movement of freight vehicles from

each entrance towards the city center are shown below:

4.3.1.1 Best route from Nile entrance towards the destination points in the
city center

The Nile entrance is the northeastern entrance to the city of Hilla, and it is
considered one of the most important entrances to the fact that the largest

proportion of freight vehicles enter through it.
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The measured traffic volume for the freight vehicles that enter and exit Hilla city

through this entrance at peak hour are (325 and 319 Truck/hr) respectively.

The best routes are chosen by the geographic information system from this

entrance (origin point) to each of five destination points in the city center taking

into account the least distance and time required for freight vehicles to reach their

target destinations as shown in the Figure 4.2. The properties of each route are

1llustrated in Table 4.1
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HILLA-KARBALA

Hilla Oil Depot

80 Street building materials stores

HILLA-DIWANIYAH

HILLA-NAJAF
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HILLA-BAGHDAD(NILE)

BabilFood Store \

LEGEND

. Hilla internal destination points

@ Hilla external origin points

Hilla Current roads network

e Path for (Jibal Center)

essssse Path for (Babil Food Store)
essmss Path for (building materials stores )

essmmse Path for (Al-Wardiyah Food Store)

essmmse Path for (Hilla Oil Depot)

Figure 4.2 Best route from Nile entrance to suggested destination points.
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Table 4.1 Route properties of Nile Entrance.

Nile Entrances
Destinations
Distance (Km) Time(min)
Jebal Street 20.40 22
Hilla oil depot 16.90 17
80 St. Construction stores 23.94 25
Babel food store 27 29
Wardiyah food store 25 28

Figure 4.3 represents the direction window of the (ArcGIS) program for
the best route starting from the Nile entrance to the location of (80 St.
Construction stores) passing through (Hilla -Kish, Hilla— Baghdad, 60 Street, and
Tohmaziah) roads with a total length (23.9 km) and total time 25 min).
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Figure 4.3 Direction of Nile entrance toward 80 street best route.
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4.3.1.2 Best route from AL- Athar entrance towards the destination points
in the city center

AL- Athar entrance is the second northern entrance, linking the city center
with the northern governorates as well as the northern districts of Babylon
province, where the measured traffic volume reached for freight vehicles at peak
hour entering (125 Truck/hr) and exiting (161 Truck/hr), which is the least
irrigated volume compared to other entrances.

The best routes are chosen by the geographic information system from this
entrance (origin point) to each destination point in the city center as shown in the
Figure 4.4. The properties of each route are illustrated in Table 4.2, taking into
account the least distance and time required for freight vehicles to reach their

target destinations in the city center.

HILLA-BAGHDAD (ATHAR)

HILLA-KARBALA

Hilla Qil Depot

80 Street building materials stores

LEGEND
. Hilla internal destination points

@ Hilla external origin points

Hilla Current roads network

: esmmmme Path for (Jibal Center
BabilFood Store \ \> ( )
HELLA—DIWANE\"AH. || == Path for (Babil Food Store)
sss=see Path for (building materials stores )

ssmmee Path for (Al-Wardiyah Food Store)

HILEARAIRE e Pth for (Hilla Oil Depot)

55 2.75 0 5.5 Kilometers

Figure 4.4 Best route from Athar entrance to suggested destination points.
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Table 4.2 Route properties of Athar entrance.

.. Athar entrances
Destinations
Distance (Km) Time(min)

Jebal street 13.50 15

Hilla oil depot 10 10

80 St. construction stores 17.20 19

Babel food store 19.70 23

Wardiyah food store 18 35

Figure 4.5 represents the direction of the route from AL- Athar entrance to

the location of the Hilla oil depot passing through the (Hill-Baghdad) road, then

south until reaching their destination with a total length (10 km), and total time

(10min).
,f Directions (Athar Entrance to Hilla Oil Depot)
=1 Route: Athar En. - Hilla O Depot 100%kn 12mn ide
HALA-BAGHDAD (ATHAR)
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Figure 4.5 Direction of Athar entrance toward Hilla oil depot best route.
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4.3.1.3 Best route from Karbala entrance towards the destination points in
the city center

It is the northwestern entrance to the city, linking the city center of Hilla
with the Hindiyh district and the city of Karbala, and it is an important entry
through which a large number of freight vehicles loaded with construction
materials pass. This is due to the presence of quarries of construction materials
in the city of Karbala, the measured traffic volume at this entrance for freight
vehicles at peak hour entering and leaving it is (290 and 300 Truck/hr)
respectively. The result of the analysis best route for the movement of freight
vehicles from this entrance (origin point) to each destination point in the city
center is shown in the Figure 4.6 and the properties of each route are illustrated
in Table 4.3 taking into account the least distance and time required for freight

vehicles to reach their target destinations in the city center.
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Figure 4.6 Best route from Karbala entrance to suggested destination points.
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Table 4.3 Route properties of Karbala entrance.

.. Karbala entrances
Destinations : : :
Distance (Km) Time(min)

Jebal street 12.60 14

Hilla oil depot 17.20 19

80 St. construction stores 14.80 16

Babel food store 19.30 21

Wardiyah food store 16.40 20

Figure 4.7 represents the direction of a route from the Karbala entrance to
the location of Babel food stores, passing through (Hill- Karbala, 80 Street, and
Tohmaziah) roads with a total length (19.3km) and a total time of (21 min).

qDlrrthn'. {Karbala Entrance To Babvl Food Stave)

-1 Reute: Karbala En, - Babil Food Stores 19.3 kam 25min Hide

HLLA-BAGHDAD (ATHAR]

HLLA-KARBALA & \ HLLA-BAGH DAD |NILE

/ —— e}

i
] ’H'u ia il Depot

‘»‘_'.":; ] o
{ 'm”'gtﬁ...,. :

1ot e RIS LA Ward yeh Food Store
i
E

e N s

Mah FoaT o

HILLA-DIWANIYAH

3
|
1: Start at Karbala En. Magp
F Go southeast 8.1 km @ min Map
3 Turn nght on B0 Strest 4.4 km 4 mn Map
4: Turn night 6N Tohmazish Road 1.1 km 2min Map
- H Bear left 57 m < 1min Map
G- Continue on & Strest 5.1 km S.min Map
Fi Tum nght on Hilla - Naaf Road 556 m < 1mn Map
B: Fimesh at Babd Food Stores, on the nght Map

Total bme: 21 man
Total distance: 19.3 km

Figure 4.7 Direction of Karbala entrance toward Babel food store's best
route.
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4.3.1.4 Best route from Najaf entrance towards the destination points in
the city center

Najaf entrance is the southern entrance linking Hilla city and the city of
Najaf, as well as linking the Al-Kifl district with the city center, where the
measured traffic volume at this entrance for freight vehicles at peak hour entering

and leaving are (298 and 263 Truck/hr) respectively.

After performing the network analysis, the best routes from this entrance
(origin point) to each destination point in the city center are shown in the Figure
4.8 and the properties of each route are illustrated in Table 4.4 taking into account
the least distance and time required for freight vehicles to reach their target

destinations in the city center.
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Figure 4.8 Best route from Najaf entrance to suggested destination points.
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Table 4.4 Route properties of Najaf entrance.

Destinations Najaf entrances
Distance (Km) Time(min)
Jebal street 11.80 16
Hilla oil depot 21 25
80 St. construction stores 10.90 13
Babel food store 5.90 7
Wardiyah food store 15 21

Figure 4.9 represents the direction of a route from the Najaf entrance to the
location of Jebal Passing through (Hilla -Najaf) road, then Nader Main Road with
a total length (11.80 km) and total time (16 min).

|J Derections (Najaf Entrance To bal center)
[-] Reute: Graphic Pick 1 - Graphic Pick 2 11.8 km 19 min Hida
' .|
L ]
1|
L3
L
|
1: Start at Graphee Pack 1 Map
rH Go north on Hilla - Najaf Road 7.8km B min Map
i Conbnue on Nadir Bridge 33km 7min Map
4: Turn right on IMAM AL Road 268 m <imin Map
5 Turn laft 423 m < 1 min Map
G Turn laft and imme diately tum left on Abdul Karsem K. Road 2Bm < 1min Map
z: Finish at GraphicPick 2, on the left kap
Total vme: 16 min
Total destance: 11.8 km

Figure 4.9 Direction of Najaf entrance toward Jebal best route.
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4.3.1.5 Best route from Al-Diwaniyah entrance towards the destination
points in the city center.

Al-Diwaniyah entrance is the southeastern entrance that connects Hilla city

with the city of Diwaniyah, as well as linking the city center with the other

southern districts of the Babylon province, where the measured traffic volume at

this entrance for freight vehicles at peak hour entering and leaving are (185 and

151 Truck/hr) respectively.

The best routes are chosen by the geographic information system from this

entrance (origin point) to each destination point in the city center shown in the

Figure 4.10 and the properties of each route are illustrated in table 4.5 taking into

account the least distance and time required for freight vehicles to reach their

target destinations in the city center.

HILLA-BAGHDAD (ATHAR)
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HILLA-KARBALA \\ HILLA-BAGHDAD(NILE)
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80 Street building materials stores
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e Path for (Babil Food Store)
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s Path for (Hilla Oil Depot)

HILLA-NAJAF

e Path for (Al-Wardiyah Food Store)

5.5 Kilometars

Figure 4.10 Best route from Al Diwaniyah entrance to suggested
destination points.
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Table 4.5 Route properties of Diwaniyah entrance.

Al Diwaniyah entrances

Destinations . . .
Distance (Km) Time(min)
Jebal street 7.50 11
Hilla oil depot 11.8 19
80 St. construction stores 12.80 14
Babel food store 8.40 9
Wardiyah food store 10.70 17
Directions (Al Drwaniyah Entrance to Wardiah food store)
¢
D4
B
|r I -'f 7 4
. G . i
| M
\ | .|'
\ b .
‘
lI:'
|
1 Start at Graphic Pick 5 Map
rd Go northwest on 60 2.3 km 2min Map
3 Turn nght 4.3 km 6 min Map
4 Turn night 61m < 1mn Map
5 Baar nght on Sigin Road 413m <1min Map
6: Turmn right on imam ALl Road 750 m 2min Map
I: Continue 288 m < 1min Map
g Bear nght 0N Wardiayh Khraige Road 2.2 km 4min Map
a: Turn left and immediately tum left 436m <1min Map
10: Finish at Graphic Pick 6, on the nght Mag

Total bma: 17 min
Total distance: 10,7 km

Figure 4.11 Direction of Diwaniyah entrance towards Wardiyah food store.
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and Imam Ali, then to Wardiyah) roads, with a total length (10.70 km) and total

time (17 min).

4.3.2 (External — External) trip:

Represents the freight vehicles that enter Hilla city for transiting to other
districts of Babylon province and the neighboring governorates through Hilla
road network.

By using network analysis, the result of the best routes for freight vehicles
from each entrance (representing the points of origin) towards other exits of Hilla

city (representing the destination points) are shown below:

4.3.2.1 Best route from Nile entrance to another exit of Hilla city

The volume of freight traffic measured at the Nile entrance at peak hour is
(325 veh / hr). According to the questionnaire, the percentage of freight vehicles
entering the city of Hilla to unload their cargo in the city center (41%) and the
remaining (59%) entering the city for going to its destinations located outside
Hilla city. The result of best routes analysis by ArcGIS network analysis tool is
shown in the Figure 4.12 and the properties of each route are illustrated in Table

4.6.
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Figure 4.12 Best route from Nile entrance to exterior destination points.

Table 4.6 Properties of Nile entrance- Ex. destination points routes

.. Nile entrances
Destinations - - -
Distance (Km) Time(min)

Nile Ex. 0 0

Athar Ex. 22 20

Karbala Ex. 27 26

Najaf Ex. 32 34

Diwaniyah Ex. 29 30

4.3.2.2 Best route from Athar entrance to another exit of Hilla city

The measured traffic volume at Athar entrance for freight vehicles at peak
hour is (125 veh/hr) and according to the questionnaire, the percentage of freight
vehicles entering the city of Hilla to unload their cargo in the city center is (33%)

and the remaining (67%) enter the city for going to its destinations located outside
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Hilla city. The result of best routes analysis by ArcGIS network analysis tool is

shown in the Figure 4.13 and the properties of each route are illustrated in Table
4.7.
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—
—
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—_—
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Figure 4.13 Best route from Athar entrance to exterior destination points.

Table 4.7 Properties of Athar entrance- Ex. destination points routes

Destinations Athar entrances
Distance (Km) Time(min)
Nile Ex. 21 20
Athar Ex. 0 0
Karbala Ex. 20 19
Najaf Ex. 25 28
Diwaniyah Ex. 22 23
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4.3.2.3 Best Rout from Karbala entrance to another exit of Hilla city

The measured traffic volume at Karbala entrance for freight vehicles at peak

hour is (290 veh/hr) according to the questionnaire, the percentage of freight

vehicles entering the city of Hilla to unload their cargo in the city center (32

o)

and the remaining (68%) enter the city for going to its destinations located outside

Hilla city.

The result of best routes analysis by ArcGIS network analysis tool is shown in

the Figure 4.14 and the properties of each route are illustrated in Table 4.8.

HILLA-KARBALA HILLA-BAGHDAD(NILE)

Route Direction is from
Origin point (1) to Destinations (2).

LEGEND

"'\ Hilla Current roads network
HILLA-DIWANIYAH

2 N essme Diwaniyah Ex. Route
\ emmm=e Najaf Ex. Route
—

—

Baghdad Ex. (Nile) Route

HILLA-NAJAF
Baghdad Ex. (Athar) Route

5.5 Kilometers

HILLA-BAGHDAD (ATHAR)
Wﬁéﬁ‘ E

Figure 4.14 Best route from Karbala entrance to exterior destination
points.
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Table 4.8 Properties of Karbala entrance- Ex. destination points routes

.. Karbala entrances
Destinations - - -
Distance (Km) Time(min)

Nile Ex. 27 26

Athar Ex. 20 19

Karbala Ex. 0 0

Najaf Ex. 25 27

Diwaniyah Ex. 23 25

4.3.2.4 Best route from Najaf entrance to another exit of Hilla city

The measured traffic volume at Najaf entrance for freight vehicles is (298
veh/hr) and according to the questionnaire, the percentage of freight vehicles
entering the city of Hilla to unload their cargo in the city center (39%) and the
remaining (61%) enter the city for going to its destinations located outside Hilla
city.

The result of best routes analysis by ArcGIS network analysis tool is shown

in the Figure 4.15 and the properties of each route are illustrated in Table 4.9.

Table 4.9 Properties of Najaf entrance- Ex. destination points routes

.. Najaf entrances
Destinations " . .
Distance (Km) Time(min)

Nile Ex. 29 30

Athar Ex. 25 28

Karbala Ex. 25 27

Najaf Ex. 0 0

Diwaniyah Ex. 13 15
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Figure 4.15 Best route from Najaf entrance to exterior destination points.
4.3.2.5 Best route from Diwaniyah entrance to another exit of Hilla city

The measured traffic volume at Diwaniya entrance for freight vehicles is
(185veh/hr) and according to the questionnaire, the percentage of freight vehicles
entering the city of Hilla to unload their cargo in the city center (40%) and the
remaining (60%) enter the city for going to its destinations located outside Hilla
city.

The result of best routes analysis by ArcGIS network analysis tool is shown

in the Figure 4.16 and the properties of each route are illustrated in Table 4.10.
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Figure 4.16 Best route from Diwaniyah entrance to exterior destination
points.

Table 4.10 Properties of Diwaniyah entrance- Ex. destination points routes

.. Diwaniyah entrances
Destinations : . .
Distance (Km) Time(min)

Nile Ex. 32 34

Athar Ex. 22 23

Karbala Ex. 23 25

Najaf Ex. 13.2 15

Diwaniyah Ex. 0 0




4.4 Generating a cost matrix for (origin and destination)

It is a matrix that shows the journey time and distance from each source to
each destination. Five places at the city's entrances were chosen as originating
points for freight trucks, while five locations in the city center were selected as
unloading vehicle destination points. The matrix's findings may be used to
identify the pathways that will be activated from each location. After the analysis
procedure (Network Analysis), the result was shown in the Figures 4.17, and

Table 4.11.
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O HILLA-NAJAF
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Figure 4.17 The resulting routes for least-cost paths along with the network
from multiple origins to multiple destinations (O-D matrix)
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Table 4.11 Lines attribute table of the O-D matrix

Object Shape Name Origin  Destination =~ Destination Total Total Time

ID ID ID Rank Length

126 Polyline NILE - HILLA OIL DEPOT 1 5 1 16.948306 17.195000

127 Polyline NILE - JIBAL 1 3 2 20.403165 21.965000

128 Polyline NILE - WARDIYAH FOOD 1 4 3 25.14265  28.219000
STORE

129 Polyline NILE - 80 STREET CON. 1 2 4 23.944700 24.861000

130 Polyline = NILE - BABEL FOOD STORE 1 1 5 26.834178 = 29.036700

131 Polyline ATHAR - HILLA OIL DEPOT 2 5 1 10.058776  9.856400

132 Polyline ATHAR - JIBAL 2 3 2 13.513634 14.832560

133 Polyline ATHAR - WARDIYAH FOOD 2 4 3 18.26540 35.0655
STORE

134 Polyline ATHAR - 80 STREET CON. 2 2 4 17.167151  18.835870

135 Polyline ATHAR - BABEL FOOD 2 1 5 19.74662  22.937531
STORE

136 Polyline KARBALA - JIBAL 3 3 1 12.552203 14.187300

137 Polyline = KARBALA - HILLA OIL DEPOT 3 5 2 17.204120 19.16590

138 Polyline = KARBALA - 80 STREET CON. 3 2 3 14.811844 16.168400

139 Polyline = KARBALA - WARDIYAH FOOD 3 4 4 16.364711  19.856340
STORE

140 Polyline KARBALA - BABEL FOOD 3 1 5 19.301801  21.003500
STORE

141 Polyline NAJAF - BABEL FOOD STORE 4 1 1 5.884488 7.203540

142 Polyline NAJAF - JIBAL 4 3 2 11.836522  16.100680

143 Polyline NAJAF - 80 STREET CON. 4 2 3 10.901130 13.155310

144 Polyline NAJAF - WARDIYAH FOOD 4 4 4 15.039156  21.177020
STORE

145 Polyline NAJAF - HILLA OIL DEPOT 4 5 5 21.255381  25.355869

146 Polyline Diwaniyah - JIBAL 7 3 1 7.49781 11.352203

147 Polyline Diwaniyah - BABEL FOOD 7 1 2 8.388513 9.155748
STORE

148 Polyline = Diwaniyah - WARDIYAH FOOD 7 4 3 10.690444  16.897293
STORE

149 Polyline = Diwaniyah - 80 STREET CON. 7 2 4 12.790589  14.238249

150 Polyline = Diwaniyah - HILLA OIL DEPOT 7 5 5 11.840083  18.820418

4.5 Summary of network analysis

After completing the network analysis process, find that the largest number
of routes proposed by the Arc GIS program for freight vehicles entering the city
from the five main entrances pass-through (Hilla-Baghdad,60 Street, Al-
Tohmaziah, Hilla- Karbala, 80 Street, and Hilla — Diwaniyah) roads.

Knowing that a large percentage of these vehicles are (External — Externa)
trips, this causes an additional load on these roads, which are considered one of

the main effective roads in the city and suffer from high traffic density.
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While trucks play a vital role in road freight movement, they are also a
significant contributor to traffic accidents and congestion. Trucks have a strong
influence on road capacity and overall efficiency, due to the physical and
operating characteristics of the trucks such as size and acceleration/deceleration.

Therefore, the total traffic volume and the percentage of freight traffic on
each of the above-mentioned roads will be calculated to determine the level of
service.

4.6 Traffic volume, capacity, and level of service for main
effective roads in Hilla

By integrating the results of the current network analysis. The traffic volume
and capacity are calculated for 12 sections, each section has two links
representing the main effective roads in Hilla city (arterial roads) to check the
level of service for these links. Color theme maps were created for these links by
using Trans CAD 4.5 program after modifying and updating the characteristics
and attribute values of the network file which contains line and node layers that

are prepared using, Arc GIS 10.4 program discussed previously.

4.6.1 Traffic volume

The traffic volume was calculated for each road by manual counting
method using portable video camera installed on the side of the road for both
directions at (11-12) A.M, which represents the peak hour for freight trucks at the
selected measured morning and evening period as explained earlier in Chapter
Three.

The result of the traffics volume calculation is listed in Table 4.15.

4.6.2 Road Capacity

The absolute capacity of the road link between (1300 & 1500) PC/hr/In. By
using an average of 1400 PCU per ground width of 3.5 m, then obtain the absolute
capacity equals 400 PC/hr for every meter width of a carriageway. Therefore, the
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actual capacity of the road link is calculated by multiplying the absolute capacity

which equals (400 PCU per meter) by the "effective" width of the carriageway.
The effective carriageway width has been calculated by reducing the actual width
of the carriageway due to different factors affecting the capacity (parking,

encroachment and land use).

Effective width of carriageway = Actual width of carriageway x (1-landuse/
100)) - Parking space - Encroachment.
Capacity of road link = Effective width of carriageway x 400 PCU

The reduction due to parking and encroachment is shown in Table 12. Land
use along the road link affects the capacity and the reduction in capacity due to
this factor is shown in Table 13 (Subramani T. et al., 2012).

Table 12 The Reduction Due to Parking and Encroachment

Type of parking \ Severity of Reduction (m)
Encroachment
Parking prohibited on either side 0
Parking permitted on one side 2.5

Parking permitted on either side
No Encroachment

Marginal Encroachment
Substantial Encroachment

N [— [ |n

Table 13 Reduction in capacity due to land use

Predominant land use Reduction (percent)
Open space 0
Residential 5
Institutional 10
Industrial 15
Commercial 30

The reduction due to parking and encroachment for each selected road is
equal to (zero), and for Land use is 30%. The capacity for each selected road is

listed in Table 4.15.
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4.6.3 Level of service

The level of service is a qualitative measure used to symbolize the quality
of traffic services. It is used to examine roads by categorizing traffic flow and
allocating quality levels based on performances like speed, density, delay, and
many more. The key to an effective LOS is the ability of a transportation system

to provide safe and reliable service for its users.

The method used to determine the level of service for Hilla main roads in
this study is based on calculating the volume to capacity ratio (V/C) for road links
according to HCM criteria as shown in Table 4.12. LOS is symbolized by capital
letters from A to F, with LOS A representing the best-operating conditions and

LOS F the worst.

Table 4.14 HCM criteria for roadway links based on Volume-to-Capacity
ratios

LOS V/C
V/IC<0.6
0.6 <V/C<0.7
0.7<V/C<0.8
0.8<V/C<0.9
09<V/C<1
V/C>1

R ANoRI--AE

The results of the level of service for main roads in Hilla city are listed in Table

4.15 and represented by the Trans CAD 4.5 program in Figure 4.18.
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Table 4.15 The accounts of traffic volume, capacity, and level of service for
main road in Hilla city

Volume
) details «E 2
~_~ = e
E G = =
0 = = ) .
s | § = = ) & = x| 5 . 8
Z | € = &) E~| = 20 8|1 2| =
w | E Road name & 5= o S0l 2| © 5
£ | £ 2 T |85 | Ee|EE| S| A | @
= | a E | B2 2|37 ¢ Z
2 2 =< | = < £
= s - > | = Z =
2| §| & 5 5 | °
@) ; = >
™ 80 ROAD (SECTION 1) 7.35 [ 2940 | 2184 11.7 2712 | 0.92 E
1 E
N% 80 ROAD (SECTION 1) 7.35 | 2940 | 2256 10.3 2752 | 0.93 E
\Z 80 ROAD (SECTION 2) 7.35 | 2940 | 1816 11.7 | 2256 | 0.76 | C
2 C
T 80 ROAD (SECTION 2) 7.35 (2940 | 1732 10.4 2108 | 0.71 C
< HILLA-KARBALLA ROAD 9 3600 | 2672 11.1 3296 | 0.91 E
3 E
= KARBALLA-HILLA ROAD 9 3600 | 3216 10.2 | 3896 | 1.08 | F
< TOHMAZIA ROAD (SECTION 1) 7.35 | 2940 | 2073 10.7 2519 | 0.85 D
4 D
- TOHMAZIA ROAD (SECTION 1) 7.35 | 2940 | 2109 104 | 2547 | 0.86 | D
- TOHMAZIA ROAD (SECTION 2) 7.35 | 2940 | 2328 11.7 2888 | 0.98 E
5 E
& TOHMAZIA ROAD (SECTION 2) 7.35 | 2940 | 2324 11.0 2836 | 0.96 E
N2 HILLA-BAGHDAD ROAD 7 2800 | 2580 12.1 3236 | 1.15| F
6 F
™ HILLA-BAGHDAD ROAD 7 2800 | 2558 13,5 | 3274 | 1.16 | F
Nz 60 ROAD (SECTION 1) 7.35 | 2940 | 2324 13.4 2980 | 1.01 F
7 E
™ 60 ROAD (SECTION 1) 7.35 | 2940 | 2320 122 | 2920 | 093 | E
Nz 60 ROAD (SECTION 2) 7.35 | 2940 | 2344 114 | 2920 | 093 | E
8 E
™ 60 ROAD (SECTION 2) 7.35 | 2940 | 2512 11.6 3112 | 1.05 F
N% 60 ROAD (SECTION 3) 7.35 {2940 | 2040 12.3 2544 | 0.86 D
9 D
™ 60 ROAD (SECTION 3) 7.35 | 2940 | 2032 113 | 2494 1 084 | D
-> HILLA- DIWANIYAH ROAD 9 3600 | 1968 10.2 2392 | 066 | B
10 B
& HILLA- DIWANIYAH ROAD 9 3600 | 1788 7.8 2084 | 0.57 A
J HILLA- NAJAF ROAD (SECTION 1) 12.75 | 5100 | 3848 7.4 4488 | 0.88 D
11 D
P» HILLA- NAJAF ROAD (SECTION 1) 12.75 | 5100 | 3816 8.1 4536 | 0.88 | D
J HILLA- NAJAF ROAD (SECTION 2) 12.75 | 5100 | 3442 9.8 4146 | 0.81 D
12 D
" HILLA- NAJAF ROAD (SECTION 2) 12.75 | 5100 | 3487 10.1 4241 | 0.83 D

*Equivalent passenger car units (PCU) for bus and heavy-duty trucks equal to 3 and for

medium duty truck is 2.5.
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Figure 4.18 The level of service for main roads in the city based on the
current network in study year by Trans CAD4.5 program

The result of traffic volume counting, capacity, and LOS for each main
road in Hilla city listed in Table 4.11 and Figure 4.18 above, shows that the level
of service is unacceptable for (Hilla-Baghdad, Hilla-Karbala, 60 secl and sec2,
Al-Tohmaziah sec2, and 80 secl) roads, this is due to several reasons, including
the passage of freight vehicles in these roads, which suffer from high traffic

volume, in addition to poor services and lack of capacity.
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The average level of service for the current freight road network is 0.89
(LOS D) depending on the (V/C) ratio which includes the total percent of freight
trucks. But with assuming that the percent of trucks is equal to (0%) the average
level of service will be equal to 0.66 (LOS B). These results prove the high

negative effect of freight trucks on the performance of the network.

4.6.4 Evaluate the future level of service for the current road
network at the target year 2030

To evaluate the main roads network of Hilla city and measure its ability to
absorb the yearly increase in the volume of traffics for the target year (2030)
under the current conditions of the city's road network, future volumes of traffic
are estimated depending on the mean yearly rate of vehicle growth in Hilla city
from 2022 to 2030, as the growth rate reached according to the Babil Traffic
Directorate is equal to 2.5%

The future total traffic volume for the main road network in 2030 could be
determine by using the current total equivalent traffic volume in 2022 after
multiplying the values of them by the 2030 rate of growth (2.5%). as demonstrates
below (Khairallah R. and Ali Alwash, 2021):

Future volume = Base year volume (1 + groth rate)V o.of years

2.5

Future traf fic volume = Total traf fic volume (2022) * (1 + 100)8

The future level of service value was recalculated from the ratio of the future
traffic volume to the current capacity for each selected road. Figure (4.19) shown
the final level of service outputs for freight network in Hilla city in the target year

(2030) represented by a color theme map of Trans CAD 4.5 program.
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Figure 4.19 The main roads lelvell of service in Hilla based on the current "
network in the target year 2030 using Trans CAD 4.5.

As shown in Figure 4.19 above, most of the main effective roads in Hilla
city (60,80 Section one, Hilla- Baghdad, Hilla-Najaf, Hilla-Karbala, Tohmaziah)
in the target year 2030 have the worst operating conditions (level of service F&E)
based on the ratio of future traffic volume to current roads capacity (taking into
consideration the growth rate and the increase in freight and passenger traffic

volume). This means that the Hilla road network needs to be improved and find
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solutions to absorb the increasing traffic flow, reduce the proportion of freight

trucks on these roads, and improve the level of service.

4.7 The suggestion of new roads as a solution for decreasing
the fright traffics volume for (External — External) trip.

To minimize the negative effect of freight vehicles on the main road of the
city, which suffer from congestion and poor level of service, as explained
previously.

The primary scenario by modifying and developing the current Hilla roads
network by adding new roads with special lanes for freight vehicles. The
coordination has been made with the municipality directorate and the urban
planning directorate about the proposed roads because the planning of the city’s
road network and the uses of the land are linked to each other and cannot be
separated.

The second step is converting the traffic volume of freight vehicles entering
the city for transit to the district and neighboring provinces (External — External)
trips to these proposed roads to check the effect of this solution on the current

road network in Hilla city.

4.7.1 Characteristics of suggested roads

The suggested road tock an oval shape surrounding Hilla city, connecting
with the existing network in specific locations and consisting of two freeways and
three major arterials with a total length of 27.8 km and 20.9 km respectively.

Table 4.16 shows the main characteristics of each suggested road.
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Table 4.16 Characteristics of suggested roads

Type of | Suggested | Suggested | Suggested | Total
CZD Location suggested | width* speed for | No. of the | length
road (m) freight lane (Km)
(Km/hr)
It connects Baghdad
Road from the north
Three or
and passes parallel to more lanes
1 | the eastern border of the | freeway 60 80-90 in cach 18.8
city and then ends with directi
its connection to Najaf frection.
Road.
It connects Baghdad
Road from the north
Three or
and passes parallel to more lanes
2 | the Western border of | freeway 60 80-90 in each 9
the city and then ends directi
. . . 1rection
with its connection to
Hilla-Karbala Road
It connects Baghdad Maior three lanes
3 |Road with Hilla- | rteJrial 60 60-80 in each 2.6
Karbala Road direction,
It connects the Hilla - Maior three lanes
4 |Karbala Road with artelrial 60 60-80 in each 6.7
Tohmaziah road direction,
It connects Tohmaziah
Road with Hilla-Najaf Maior three lanes
5 | Road and ends with its . rteJr al 60 60-80 in each 11.6
connection to the Hilla- direction
Diwaniyah Road
* Total width of the road with its right of way

4.7.2 Effect of implementation suggested roads on the current

Hilla road network
The rapid and unplanned increase in the number of vehicles in the city of

Hilla has caused many problems, including traffic congestion, high rate of delay,
and poor level of service, because the current road network was designed in a
period when the city's population was less, which in turn is linked to a limited
number of vehicles where the road network can accommodate these vehicles. So,
the carrying capacity of the roads in the city has become disproportionate to this
increase in the number of vehicles which negatively affected the traffic flow in

the city.
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Therefore, adding a new road to the road network will reflect positively on
the existing network by reducing the load on the internal roads of the city,

reducing traffic congestion, and improving the level of service for it.

4.7.3 Effect of implementation of the suggested roads on drivers
of freight vehicles
Adding the proposed roads and implementing them according to the

international specifications and providing them with all the requirements of the
controlling traffic signs and lighting will encourage the drivers of freight vehicles

to pass through them for many reasons, the most important of which are:

1- The speed of freight vehicles on the proposed roads ranges from (60-to 90)
Km/hr which is higher than the speed of the inner-city roads, which may
reach 40 Km/hr within crowded areas.

2- The total traffic volume on the proposed road is less than the inner roads
of the city

3- The number of intersections, turning areas, and pedestrian crossing areas
in the suggested road are less than on inner-city roads.

4- The suggested roads are connected to the main roads leading to the
entrances and exits of the city without penetrating the city center, which
encourages drivers of freight vehicles, especially (External — External)

trips, to pass through them.

4.7.4 Effect of implementation suggested roads on freight network
analysis

The first step is to draw the suggested roads and link them to the existing
road network using Arc GIS 10.4 software and prepare the database. The
proposed roads database was taken from Hilla Municipality Directorate. Three
basic types of attribute data, the first type is descriptive data that describes the
road link, including (length, width, number of lanes, and speed), the second data

is cost attributes and includes travel time in minutes, it is extracted depending on
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speed, it is very important data in network analysis when finding the best route
for vehicles. Finally, the third type of data is called restriction attributes, and it is
also important data in network analysis which included the direction of road
movement (One way or two-way), Suggested roads, and the current road network
of Hilla city shown in the Figure 4.20 below. The full data are tabulated in
Appendix B.

HILLA-BAGHDAD (ATHAR)

HILLA-BAGHDAD(NILE)

HILLA-KARBALA

Legend

HILLA-DIWANIYHA

Current Hilla Road Network

— Sugessted Street

HILLA-NAJAF Sources; Esn, HERE, Garmin, Intermap; increment P Corp., GEBCO, USGS,

FAD, NPS, NRCAN, GeoBase, IGN, Kadaster NL"@rdnance Survey, Esri Japan,
METI, Esri China (Hong Kong), (c) OpenStreetMap contnbuters, and the GIS
User.Community

O 2 4 6
B Kilometers

Figure 4.20 Hilla city modified fright road network.

4.7.5 The best route analysis for (External — Externa) trip after
adding suggested roads to the network

After completing the process of adding proposed roads database and linking

them with the road network, network analysis was reconducting for the modified
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network by ArcGIS network analysis tool to check the impact of developing the
current network by adding new roads in the process of network analysis, and
selecting the best routes for freight movement concerning with (external-external)

trips.

1- Best route from Nile entrance to another exit of Hilla city
The routes of Nile entrance to other exit destinations and their main properties for
the modified road network by ArcGIS network analysis tool are shown in Table

4.17 and Figure 4.21 respectively.

Table 4.17 Properties of Nile entrance- Ex. destination points routes for
modified network

The difference with the
Destinations Nile entrances current network (%)
(modified = [1-(Modified / Current)] *100
network) Distance Time(min) Distance Time
(Km)

Nile Ex. - - - -
Athar Ex. 16.50 12 25 40
Karbala Ex. 25.90 20 4.07 23.07

Najaf Ex. 31.09 26 2.84 23.53
Diwaniyah Ex. 26.40 22 8.97 26.67
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Figure 4.21 Best route from Nile entrance to exterior destination points for
the modified road network.

The total sum of the lengths for the proposed route in the modified network,
which starts from the Nile entrance toward the other four destinations is equal to
99.89 km while the total time is 80min, these values are lower than those

calculated from the current network by 9.19%,27.28% respectively.

2- Best Rout from Athar entrance to another exit of Hilla city
The routes of Athar entrance to other exit destinations and their main
properties for the modified road network by ArcGIS network analysis tool are

shown the Figure 4.22 and Table 4.18 respectively.
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Figure 4.22 Best route from Athar entrance to exterior destination points
for the modified road network.

Table 4.18 properties of Athar entrance -Ex. destination point route for
modified network

The difference with the
S| el
(modified network) [y oo _ _ . .
(Km) Time(min) Distance Time
Nile Ex. 16.56 13 21.15 35
Athar Ex. - - - -
Karbala Ex. 15.70 12 21.52 36.84
Najaf Ex. 2491 21 0.36 25
Diwaniyah Ex. 21.29 18 3.23 21.74
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The total sum of the lengths for the proposed route in the modified network,
which starts from the Athar entrance toward the other four destinations is equal
to 78.46 km while the total time is 64 min, these values are lower than those

calculated from the current network by 10.84%,28.89% respectively.

3- Best Rout from Najaf entrance to another exit of Hilla city
The routes of Najaf entrance to other exit destinations and their main
properties for the modified road network by ArcGIS network analysis tool are

shown in the Figure 4.23 and Table 4.19 respectively.

, HILLA-BAGHDAD (ATHAR)

HILLA-BAGHDAD(NILE)

L HILLA-KARBALA

Route Direction is from
AL IWANIYAH Origin point (1) to Destinations (2).

Legend

—— Modified road network
mmmms Najaf to Athar Ex.
==mmms Najaf to Karbala.

s Najaf to Nile Ex.
00.751.5 3 45

' : e Najaf to Diwaniyah Ex.
e ™ el KilOMeters

Figure 4.23 Best route from Najaf entrance to exterior destination points
for the modified road network.
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Table 4.19 Properties of Najaf entrance- Ex. destination points routes for
modified network

_ The difference with the
Destinations Najaf entrances current network (%)
. = [1-(Modified / Current)] *100
(modified network) [y o
Time(min) Distance Time
(Km)

Nile Ex. 31.10 25 -7.24 16.67
Athar Ex. 2491 21 0.36 25
Karbala Ex. 22.52 19 9.93 29.63
Najaf Ex. - - - -

Diwaniyah Ex. 11.41 10 12.23 33.33

The total sum of the lengths for the proposed route in the modified network,
which starts from the Najaf entrance toward the other four destinations is equal
to 89.94km while the total time is 75min, these values are lower than those
calculated from the current network by 2.24%,25% respectively.

The value of the difference in route distance for the modified network with
the current network (-7.24) because the length of the route from Najaf to the Nile
exit which resulted from the network analysis before adding the suggested roads
passing through the inner-city road where the traveled distance is shorter but at a

slower speed due to traffic congestion in the city road.

4-Best Rout from Karbala entrance to another exit of Hilla city
The routes of Karbala entrance to other exit destinations and their main
properties for the modified road network by ArcGIS network analysis tool are
shown the Figure 4.24 and Table 4.20 respectively.
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Figure 4.24 Best route from Karbala entrance to exterior destination points
for the modified road network.

Table 4.20 Properties of Karbala entrance- Ex. destination points routes

for modified network
The difference with the
Destinations Karbala entrances current network (%)
dified net K = [1-(Modified / Current)] *100
(modified network) Distance : : . .
Time(min) Distance Time
(Km)
Nile Ex. 25.90 20 4.06 23.08
Athar Ex. 15.70 12 21.52 36.84
Karbala Ex. - - - -
Najaf Ex. 22.52 19 9.93 29.63
Diwaniyah Ex. 20.91 18 9.08 28

The total sum of the lengths for the proposed route in the modified network,

which starts from the Karbala entrance toward the other four destinations is equal
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to 85.03km while the total time i1s 69min, these values are lower than those

calculated from the current network by 10.50%,28.87% respectively

5-Best Rout from Diwaniyah entrance to another exit of Hilla city

The routes of Diwaniyah entrance to other exit destinations and their main
properties for the modified road network by ArcGIS network analysis tool are

shown the Figure 4.25 and Table 4.21 respectively.
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Figure 4.25 Best route from Diwaniyah entrance to exterior destination
points for the modified road network.

106



Table 4.21 Properties of Diwaniyah entrance- Ex. destination points
routes for modified network

- The difference with the
Destinations Diwaniyah Entrances ) curren.t network (%)

. = [1-(Modified / Current)] *100

(modified network) [y o
Time(min) Distance Time
(Km)
Nile Ex. 26.43 22 17.40 35.29
Athar Ex. 21.29 18 3.23 21.74
Karbala Ex. 2091 18 9.08 28
Najaf Ex. 11.41 10 13.53 33.33
Diwaniyah Ex. - - - -

The total sum of the lengths for the proposed route in the modified network,
which starts from the Diwaniyah entrance toward the other four destinations is
equal to 80.04 km while the total time is 68min, these values are lower than those

calculated from the current network by 11.26%,29.89% respectively

4.7.6 Summary of network analysis
When comparing the proposed routes for the movement of freight vehicles

from each entrance (point of origin) towards other city exits (destination points)

before and after adding the suggested roads, find the following:

1-All the proposed routes for freight vehicles passing through the suggested

roads without passing through the city center and inner-city roads.

2-The distance traveled by freight vehicles during their movement from
each entrance towards the other exits by the modified roads network is less than
the distance traveled by vehicles on the current roads network for the same
entrance and all paths except the length of the route started from Najaf entrance
and end in Nile exit which passes through inner-city roads before adding the
suggested roads this led to the shorter route but longer travel time due to

congestion in the city center.
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3-The travel time taken for freight vehicles to reach the city exits from each
entrance after adding the suggested roads is less than the travel time taken before

adding the proposed roads to the same entrance for all paths.

4.7.7 Effect of implementation of the suggested roads on LOS. for
the main road in Hilla city.
After conducting field surveys on the main effective roads in the city (Hilla-

Baghdad, Hilla- Karbala, Hilla -Diwaniyah, Al-Tahmaziyah,60 Street, and
80Street) and calculating the traffic volumes and level of service for each road as
shown in the Table 4.15 the level of service for most of these roads was
unacceptable for many reasons, including the volume of freight traffic in these
roads.

After suggesting new roads for the current road network to deal with freight
traffic in Hilla city, specifically (External — External) freight trips, it is important
to study the impact of converting the traffic volumes of these vehicles to the roads
suggested for future implementation in improving the level of service for the main
roads in the city.

Because the proportion of freight vehicles that represent (external — external)
trips from the total number of freight vehicles that pass on each road is unknown,
the results of the questionnaire performed with freight vehicle drivers at city
entrances will be relied on, which shows that the percentage of (External —
External) trip ranges between (59-68) percent of total freight volume in the city
entrances, as shown in Table 3.5.

As aresult, will assume that the percentage of the (External — Externa) trip
is approximately (50 percent) of the total volume of freight vehicles on each road,
after reducing the volume of freight vehicles according to this ratio, the level of
service for each road will be recalculated based on the modified traffic volumes,

as shown in Table 4.22 and Figure 4.26 by Trans CAD program below.
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Table 4.22 The accounts of traffic volume, capacity, and level of service
for the main road in Hilla cit

after adding suggested roads
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Figure 4.26 The level of service for main roads in the city based on the
modified network in the study year using Trans CAD 4.5 program

Figure 4.26 above shows the improvement in the level of service for the main
roads in the city. After adopting the proposed developments to the current

network, including adding new roads, which leads to reducing the proportion of

freight vehicles on the current main roads to 50%.
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Figure 4.27 V/C Comparison between the study year 2022 (current and
modified network) and the target year 2030

Figure 4.27 shows a comparison between the level of service (LOS) for the
main freight road network in Hilla city depending on the average (V/C ratio)
between the study year 2022 (based on a current and modified network) and the
target year 2030 (based on current network capacity taking into account the
growth rate in the traffic volume).

The results show that the average volume to the capacity ratio for the year
2022 1s 0.89 (LOS D) while for the target year 2030 it will be 1.09 (LOS F). The

adoption of the proposed developments in the current network reduces the
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proportion of freight vehicles on main roads in the city, lowering the V/C ratio to

0.78 and improving the level of service in the study year to (C).

4.8 Suggested scenarios to reduce the impact of (External
— Internal) trips on Hilla road network.

The transportation of goods in urban areas has several negative effects.
therefore, careful planning and management are important to minimize its large
impact, especially on large trucks that have a higher impact than other freight
vehicles, thus they require special care. Vehicles that deliver or pick up big
amounts of goods at specified locations across the city appear to be an example
of this sort of vehicle.

Freight vehicles that enter from the main entrances of Hilla city to unload
their cargo at different destinations in the city center reflect negative effects on
the city roads and the flow of traffic in it. Although the percentage of these
vehicles does not exceed (41%) of the total volume of freight vehicles entering
the city, according to the results of the survey conducted with the drivers of
freight vehicles at the entrances of the city.

Two scenarios are proposed to solve this problem as shown below:

4.8.1 First scenario: Inner-city night delivery

Night delivery is the process of delivering goods to commercial centers
located in the inner areas of cities at night when the city is quiet and traffic is
inactive. Standard periods are between 10:00 p.m. and 7:00 a.m. (Gnap J. et al.,
2017).

This is one of the scenarios that can be applied in Hilla city to deal with the
problem of transporting and unloading goods within the city center through the
roads of the city that suffers from traffic congestion during the day.

The concept of night deliveries in the city treats the following issues (Fu J.

and Erik J., 2018):

112



Night delivery enables drivers to complete the delivery process faster due
to less traffic in the city during the night and thus reduces the negative
effect on cities.

Allowance for heavier vehicles to access the city center, which is normally

prohibited during the day.

The following basic requirements are required to put these concepts into

action.:

Political will in the city: The establishment of night delivery services is
depending on supporting of political will in the city.

The main stakeholder: It is necessary to cooperate between freight carriers
and traders for the success of night deliveries as they are the main
stakeholders in this sector.

Local legal strategy: A strategy that encourages the reduction of active
noise in the city and regulates entry into the city at night is very useful for

a realistic implementation plan in the legal framework.

4.8.1.1 Benefits of inner-city night delivery

Inner-city deliveries at night have a variety of possible benefits, (Forkert S. and

Eichhorn C., 2008):

Reducing traffic congestion by using the road network at night.
Shorter travel times.

Optimization of vehicle and manpower operation.

Lowering of emissions.

Consolidation and gathering of shipments.

Support the safety on road positively.

The main benefits for transport companies are the use of larger vehicles

to transport products and the reduction of journey time.

The advantages to society, especially residents, include reduced travel times

for all vehicles during the day (decrease of time lost due to heavy traffic) and
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reduced goods vehicles driving in the city center. Additionally, the reduction of

travel times leads to less pollution and energy consumption.

4.8.2 Second scenario: Freight consolidation centers (FCC)

Freight Consolidation Centers (FCC) is a logistics center that is located
relatively near to the geographical area it serves (For example, a center of the city,
the whole city, or specific city sites such as retail malls), this logistic facility
provides many logistical services in organizing the delivery of goods within cities
by the implementation of consolidated deliveries for goods within the areas it
serves.

It offers freight transport companies the chance to deliver goods destined
for urban areas to a specialist center for final delivery rather than having to make
the delivery to the final customer in a busy part of the city. Freight consolidation
facilities have a high ability to improve delivery reliability and use of goods
vehicles (Quak H., 2008).

An FCC can also be theoretically illustrated as shown in Figure 4.28

Main Fright Entrance

Freight
Consolidati

Centre
(FCC)

Figure 4.28 Concept of freight consolidation centers FCC (Quak H., 2008)

114



4.8.2.1 Objectives of freight consolidation centers

A consolidation center frequently has many goals, and the most common

are related to decreasing congestion, traffic disturbance, and emission levels

within the urban region that the consolidating center covers. Among the various

goals are the following (Allen J. et al., 2007):

Minimize traffic congestion by reducing the number of delivery trucks
needed.

Help in the improvement of air quality.

Reduce vehicle accidents in unloading zones and delivery bays.

Decrease conflicts between delivery trucks and also other road users, such
as pedestrians.

Improve the shipping service offered to traders.

More efficient and sustainable movement of freight within the city.
Optimize product line and stock availability.

Protect and/or decrease stock theft.

4.8.2.2 Operation of freight consolidation centers

Freight consolidation centers have the same operating principles to some

extent, regardless of the type of sector they serve. These principles can be

summarized as follows (Shigute S. and Araz N., 2015):

1-

Traders and contractors agree with their suppliers about the materials and
goods to be supplied, with condition that the delivery must be made to the
consolidation center not directly to the final destination’s sites.

Following that, the traders and contractors submit a request to the freight
consolidation center for carrying out the final delivery of the goods and
materials that had previously been requested from their suppliers. The
freight consolidation center combines the shipments and then delivers them
to the required places. In most situations, the consolidation center converts

shipments from large trucks to smaller freight vehicles for ease of delivery
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inside congested areas and to finish the loading and unloading operation
with greater flexibility and speed than large trucks.
Figure 4.29 shows how the distribution system is typically arranged.

Figure 4.29 Consolidation Center Basic Operations (Shigute S. and Araz N.,
2015)

4.8.2.3 Preferred Site Location of FCC in Hilla city

The most suitable locations for establishment a freight consolidation center
to improve and organize the process of transporting goods in city centers are
located in zones with affordable industrial land with excellent accessibility to
major roads and goods receivers (Aljohani K. and Russell G., 2020)

Find the appropriate locations for the construction of (FCC) in the city of
Hilla have been chosen by cooperating with the Directorate of the Municipality
of Hilla and the Directorate of Urban Planning according to special requirements
of land use to be compatible with the basic design map of Hilla city and make this

research recommendation applicable in the future.
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Two locations are available, one on the north side of the city with an area

of (87) hectares and the other on the south side of the city with an area of (134)
hectares as shown in Figure 4.30, while Table 4.23 and Table 4.24 listed the

coordinates of their locations.

Table 4.23 The coordinates of the Site Location of FCC in Hilla city

(Southside location)
Point No. Feature Type X coordinate Y coordinate
South side location
1 Circumferential Point 447481.488 3588138.129
2 Circumferential Point 447492.534 3588003.971
3 Circumferential Point 447035.161 3586863.325
4 Circumferential Point 445664.327 3587013.3315
5 Circumferential Point 445908.376 3587718.736
6 Circumferential Point 446645.401 3587757.021
7 Centroid Point 446492.737 3587362.201
Table 4.24The coordinates of the Site Location of FCC in Hilla city
(Northside location)
Point No. Feature Type X coordinate Y coordinate
Northside location
1 Circumferential Point 449908.3625 3599883.2814
2 Circumferential Point 450679.3495 3600004.8721
3 Circumferential Point 451582.0812 3600180.6064
4 Circumferential Point 451057.1585 3599515.2114
5 Circumferential Point 450499.278 3598878.9539
6 Circumferential Point 450322.1956 3599422.406
7 Centroid Point 450656.66 3599633.1695
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Figure 4.30 Northern and southern consolidation center locations
4.8.2.4 Analysis of available location for FCC

After locating the proposed locations for construction (FCC) on the map
of the current and proposed road network using the (ArcGIS10.4) program, the
locations are analyzed to determine their suitability, according to the conditions
below:

The proposed locations are located within the areas of future development
for industrial use and warehouses, in addition to their location near the proposed
external roads linking (Baghdad, Hilla- Karbala, Hilla - Najaf, Hilla - Diwaniyah,
Hillah Kish) Roads which are the main ports of entry for goods in Hilla city. It
provides easy access for freight vehicles that enter from neighboring provinces to

unload goods at (the North and South FCC site) without needs to pass through
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the inner streets of Hilla city, which often suffer from traffic congestion. On the
other hand, the two proposed locations for the establishment of a freight
consolidation center in the northern and southern parts of the city are relatively
close to the city center and thus provide easy access for small freight vehicles to

reach the city center and distribute the goods to their final destinations.
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Chapter 5
Conclusions and Recommendations

5.1 General

By using the fright data collected for Hilla city, and by using Arc GIS 10.4

software, the conclusions and the recommendation are obtained and contained in

this chapter, as well as the future studies proposals that contribute to developing

this work.

5.2 Conclusions

1-

3-

Hilla city freight transportation system consists of five main entrances
linking external and internal traffic; the Nile entrance is the most
important, accounting for 27% of total freight volume entering Hilla city.
Freight trucks is one of the factors causing traffic congestion on the road
network in Hilla city, although the percentage of trucks measured on most
of the city's main roads was not exceed 14%, due to the general
inefficiency of Hilla road network as shown below:

* After calculating the density of the road network using the ArcGIS10.4
software, it was found that the network density was (364km) per 100,000
people, which is considered a low density when compared to the global
standards of (496 km) per 100,000 people.

* Road capacity is insufficient for the high volume of freight and
passenger traffic, as well as a deficiency of enough parking spaces and
public transportation in the city.

The analysis of the freight vehicles flows over current Hilla road network
using the network analysis tool of the ArcGIS 10.4 software, found that the
largest proportion of freight traffic pass through the main effective roads in

the city.
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4- All the proposed routes by Arc GIS 10.4 network analysis for (external-
external) freight trips on the modified network pass through the new
suggested roads to the network without passing through the city center and
inner roads.

5- The total (travel time and distance) for the same origin and destination
points will be reduced by 9% and 30% from the current distance and travel
time respectively when freight vehicles pass through suggested roads on
the modified network.

6- The overall evaluation level of service for the road freight network in Hilla
city depends on the results of (V/C) ratio by the Trans CAD 4.5 program.
Shown that the LOS for current network in the study year 2022 is (LOS D),
and for the target year, 2030 is (LOS F). The adoption of the proposed
developments in the network will improves the level of service for modified
network in the study year to (LOS C).

7- The suggestion of establishing a freight consolidation center in the northern
part of Hilla city and another in the southern part of it will minimize the
number of heavy freight vehicles on the city's internal roads, particularly
during peak periods, improving traffic flow and reducing congestion.

8- The suggestion for night delivery of goods starting from 10:00 PM until
7:00 AM. to their destinations in Hilla city's center that experience traffic
congestion during the day will reduce the movement of freight trucks

during the day, improving traffic flow and the comfort of other road users.

5.3 Recommendations

1- Setting special times for entering (external - external) freight trips to Hilla
city at night to reduce their impact on city traffic flow during the day.
2- Providing special lanes for transporting goods on the main roads that

witness a high traffic volume of freight vehicles in Hilla city (Hilla-
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5.4

Baghdad, Hilla-Karbala, Hilla-Najaf, 60 street, 80 street, Al-Tohmaziah
street).

Expansion of the road network with comprehensive rehabilitation and
treatment of all defects identified in this research about the road network
in the city of Hilla to improve the transportation of goods and passengers

together based on the modified road network from this study.

Recommendations for future studies

Highlighting the importance of railway freight transportation to reduce the
burden on the road network by analyzing the railway line in Hilla and
surrounding provinces using the Arc GIS technique. Rail transport has
fewer fuel costs than road transport, particularly when delivering a high
volume of freight. Shipping by rail is better for the environment. Trucks
use more fuel per ton-mile than trains.

Study freight river transportation and its importance in reducing
congestion on-road transportation.

The city must establish a modern public transportation system based on
collaboration with the city's General Directorates of Traffic to identify new
paths of movement to reduce traffic congestion, travel time, and costs, as

well as study the possibility of implementing a tram system in the city.
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Appendix A

Roadside Interview Survey Questionnaire

Form
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Appendix B
Network Attributes for Hilla Freight Roads Network

Network attributes are properties of the network elements that control travers ability over the network. Examples of attributes
include the time to travel a given length of road, which streets are restricted for which vehicles, the speeds along a given road,
and which streets are one-way.
Network attributes have five basic properties: name, usage type, units, data type, and use by default. Additionally, they have
a set of assignments defining the values for the elements:

e The usage type specifies how the attribute will be used during analysis, which is identified as either a cost, descriptor,

restriction, or hierarchy.

o Units of a cost attribute are either distance or time units (for example, centimeters, meters, miles, minutes, and seconds).

e Hierarchies, and restrictions have unknown units.

e Data types can be either Boolean, integer, float, or double.

e Cost attributes cannot be a Boolean data type. Restrictions are always Boolean, whereas a hierarchy is always an integer.
Table B-1 shows the attribute information for current Hilla freight roads network, which contains 677 links, these data are
very useful for future study that deal with Hilla main road network analysis. Table B-2 shows the attribute information for the

suggested roads which contains 24 link those used for improving Hilla freight roads network.
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Table B-1 The attribute table for current Hilla freight roads network

Object ID Shape Road Type One-way Bridge Shape Length (Meter) Time (Minute) Speed (Km/hr)
1 Polyline minor arterial 1 0 185.218329 0.277772 40
2 Polyline major arterial 1 0 2382.333435 2.381857 60
3 Polyline major arterial 1 0 1390.861652 1.042938 80
5 Polyline 1 1 199.380272 0.19934 60
6 Polyline minor arterial 1 0 2040.033213 3.060049 40
7 Polyline major arterial 1 1 7211.868258 5.40782 80

10 Polyline minor arterial 1 0 52.743521 0.079099 40
11 Polyline minor arterial 1 0 217.553145 0.326264 40
12 Polyline minor arterial 0 0 167.577563 0.251316 40
13 Polyline minor arterial 1 0 214.294642 0.321378 40
14 Polyline minor arterial 1 0 150.829215 0.226199 40
15 Polyline minor arterial 1 0 330.484396 0.660837 30
16 Polyline minor arterial 1 0 152.90092 0.229306 40
17 Polyline minor arterial 1 0 153.772799 0.230613 40
18 Polyline minor arterial 0 0 113.924036 0.170852 40
19 Polyline minor arterial 1 0 213.153225 0.319666 40
20 Polyline major arterial 1 1 86.664171 0.064985 80
21 Polyline major arterial 1 1 58.325411 0.043735 80
22 Polyline major arterial 1 0 10697.661237 8.021642 80
23 Polyline major arterial 1 0 329.684901 0.250785 80
24 Polyline major arterial 1 0 267.147973 0.200321 80
25 Polyline minor arterial 1 0 461.679664 0.923175 30
26 Polyline minor arterial 1 0 422.814908 0.856214 30
27 Polyline major arterial 1 0 504.63249 0.378399 80
28 Polyline major arterial 1 1 83.658336 0.062731 80
29 Polyline minor arterial 1 0 394.441979 0.788726 30
30 Polyline minor arterial 1 0 366.978213 0.73381 30
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Object ID Shape Road Type One-way Bridge Shape Length (Meter) Time (Minute) Speed (Km/hr)
31 Polyline major arterial 1 1 88.220977 0.066153 80
32 Polyline minor arterial 1 0 113.783674 0.170641 40
33 Polyline 1 1 65.049874 0.097555 40
34 Polyline minor arterial 1 0 51.77014 0.07764 40
35 Polyline minor arterial 1 0 54.635377 0.081937 40
37 Polyline major arterial 1 0 1921.74843 1.921373 60
38 Polyline minor arterial 1 0 198.109854 0.297105 40
39 Polyline minor arterial 0 0 97.89799 0.195757 30
40 Polyline major arterial 1 0 2422.796233 3.633468 40
41 Polyline minor arterial 1 0 342.775634 0.514061 40
42 Polyline minor arterial 1 0 2443.638036 3.664724 40
43 Polyline minor arterial 1 0 2337.578142 3.505666 40
44 Polyline minor arterial 1 0 80.465267 0.160898 30
45 Polyline major arterial 1 0 8710.971284 6.531922 80
46 Polyline minor arterial 0 0 172.025042 0.057859 30
47 Polyline minor arterial 1 0 2246.883398 3.369651 40
48 Polyline minor arterial 1 0 80.491915 0.160952 30
49 Polyline minor arterial 1 0 79.839065 0.159646 30
50 Polyline major arterial 1 0 8719.014574 6.537953 80
53 Polyline major arterial 1 0 1342.622386 1.342354 60
54 Polyline minor arterial 0 0 8314.39029 12.471585 40
56 Polyline minor arterial 1 0 746.103615 1.119155 40
57 Polyline minor arterial 1 0 1216.575709 1.824863 40
59 Polyline minor arterial 0 0 157.856926 0.086572 30
60 Polyline minor arterial 1 0 484.571143 0.726711 40
62 Polyline major arterial 1 0 491.895981 0.737696 40
63 Polyline minor arterial 0 0 89.999199 0.539995 10
64 Polyline minor arterial 0 0 12.081787 0.024163 30
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Object ID Shape Road Type One-way Bridge Shape Length (Meter) Time (Minute) Speed (Km/hr)
65 Polyline minor arterial 0 1 288.346671 0.576578 30
72 Polyline minor arterial 1 0 2177.550952 3.266326 40
73 Polyline minor arterial 0 0 1758.912869 2.637842 40
74 Polyline minor arterial 1 0 19.924711 0.039841 30
75 Polyline minor arterial 1 0 22.467397 0.044926 30
76 Polyline minor arterial 1 0 24.216332 0.048423 30
77 Polyline minor arterial 1 0 16.450837 0.032895 30
78 Polyline minor arterial 1 0 768.554848 1.152602 40
79 Polyline minor arterial 1 0 797.146219 1.19548 40
80 Polyline minor arterial 1 0 104.422106 0.208802 30
81 Polyline minor arterial 1 0 97.137509 0.194236 30
97 Polyline minor arterial 1 0 389.403249 0.778651 30
120 Polyline minor arterial 1 1 65.574717 0.098342 40
124 Polyline minor arterial 1 0 150.399741 0.30131 30
125 Polyline minor arterial 1 0 140.44777 0.280839 30
126 Polyline minor arterial 0 0 1561.839627 2.342291 40
127 Polyline minor arterial 1 0 200.503051 0.400926 30
128 Polyline minor arterial 1 0 57.082995 0.114143 30
129 Polyline minor arterial 1 0 53.637068 0.107253 30
130 Polyline minor arterial 1 0 195.424807 0.390771 30
135 Polyline minor arterial 1 0 263.665601 0.395419 40
136 Polyline minor arterial 1 0 1019.84418 1.52946 40
147 Polyline minor arterial 1 0 485.315153 0.727827 40
149 Polyline minor arterial 1 0 326.883726 0.490228 40
150 Polyline minor arterial 1 0 327.748537 0.491525 40
153 Polyline minor arterial 0 0 122.651349 0.245254 30
154 Polyline minor arterial 0 0 151.291186 0.302522 30
155 Polyline minor arterial 0 0 558.515558 0.837606 40
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156 Polyline minor arterial 1 0 109.751304 0.164594 40
157 Polyline major arterial 1 0 102.589275 0.153853 40
158 Polyline minor arterial 0 0 323.07193 0.484511 40
159 Polyline minor arterial 0 0 400.913091 0.601249 40
160 Polyline minor arterial 0 0 120.264752 0.240481 30
170 Polyline major arterial 1 0 612.991333 2.828625 60
171 Polyline major arterial 1 0 566.402749 0.566402 60
172 Polyline minor arterial 0 0 636.17335 0.954260 40
173 Polyline major arterial 1 0 2814.341095 2.813778 60
174 Polyline minor arterial 1 0 246.246181 0.369295 40
175 Polyline minor arterial 1 0 453.776398 0.680528 40
176 Polyline major arterial 1 0 410.887496 0.616208 40
177 Polyline minor arterial 0 0 3083.808891 4.624788 40
179 Polyline minor arterial 1 0 244.336821 0.488576 30
180 Polyline minor arterial 1 0 214991916 0.429898 30
181 Polyline minor arterial 1 0 225.99583 0.451636 30
182 Polyline minor arterial 1 0 190.043701 0.399275 30
190 Polyline major arterial 1 0 3421.545519 3.420861 60
200 Polyline minor arterial 0 0 16971.878023 25.457817 40
211 Polyline major arterial 1 0 1513.492877 1.134893 80
221 Polyline major arterial 1 0 949.64632 0.949456 60
225 Polyline major arterial 1 0 107.07173 0.10705 60
226 Polyline minor arterial 1 0 179.251983 0.358432 30
227 Polyline major arterial 1 0 200.961344 0.200921 60
228 Polyline minor arterial 1 0 184.340783 0.368608 30
229 Polyline minor arterial 1 0 195.099779 0.390122 30
230 Polyline minor arterial 1 0 400.038435 0.799917 30
231 Polyline minor arterial 1 0 375.549572 0.750949 30
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232 Polyline minor arterial 1 0 390.326811 0.780498 30
233 Polyline minor arterial 1 0 301.068907 0.602017 30
234 Polyline minor arterial 1 0 201.57986 0.403079 30
235 Polyline major arterial 1 0 7187.749604 7.186312 60
236 Polyline major arterial 1 0 6854.244835 6.852874 60
237 Polyline 1 1 233.766612 0.23372 60
238 Polyline 1 1 92.10966 0.092091 60
239 Polyline minor arterial 1 0 21.968344 0.131784 10
240 Polyline major arterial 1 0 1847.532525 1.847163 60
242 Polyline major arterial 0 0 16.345426 0.098053 10
243 Polyline major arterial 1 0 5050.647913 5.049638 60
244 Polyline major arterial 1 0 5074.554653 5.07354 60
248 Polyline major arterial 1 0 323.095993 0.242274 80
252 Polyline minor arterial 1 0 360.612513 0.540811 40
253 Polyline minor arterial 1 0 63.203858 0.379223 10
254 Polyline minor arterial 1 0 61.040203 0.366241 10
257 Polyline minor arterial 1 0 52.118879 0.312713 10
258 Polyline minor arterial 1 0 43.679411 0.262076 10
259 Polyline minor arterial 1 0 50.681828 0.304090 10
260 Polyline minor arterial 1 0 32.332361 0.064664 30
264 Polyline major arterial 1 1 11057.839648 8.291721 80
275 Polyline minor arterial 1 0 453.528631 0.680157 40
276 Polyline minor arterial 0 0 20.753117 0.124494 10
277 Polyline minor arterial 0 0 22.541422 0.135221 10
281 Polyline minor arterial 1 0 403.53335 0.605179 40
282 Polyline minor arterial 1 0 404.568381 0.606631 40
284 Polyline minor arterial 0 0 26.76845 0.040145 40
286 Polyline minor arterial 1 0 1018.203513 1.527 40
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287 Polyline minor arterial 1 0 0.954260 0.005725 10
292 Polyline major arterial 1 0 956.470435 0.956279 60
293 Polyline major arterial 1 0 597.426163 0.597307 60
295 Polyline minor arterial 1 0 359.744759 0.719346 30
298 Polyline major arterial 1 0 721.287816 0.721144 60
299 Polyline 1 1 558.649181 0.837806 40
300 Polyline minor arterial 1 0 708.831654 0.103893 40
301 Polyline minor arterial 1 0 1219.569601 1.828989 40
302 Polyline major arterial 1 0 78.881366 0.118298 40
303 Polyline minor arterial 1 0 367.713059 0.735279 30
306 Polyline minor arterial 1 0 463.381509 0.926578 30
307 Polyline minor arterial 1 0 329.262142 0.658393 30
308 Polyline major arterial 1 0 1305.179721 1.304919 60
309 Polyline minor arterial 1 0 81.805814 0.122684 40
310 Polyline major arterial 1 0 2301.130754 2.300671 60
318 Polyline major arterial 1 0 3435.029653 3.434343 60
319 Polyline major arterial 1 0 561.367382 0.561255 60
320 Polyline major arterial 1 0 395.498157 0.395419 60
321 Polyline minor arterial 1 0 20.300954 0.121781 10
322 Polyline minor arterial 0 0 18.305144 0.109809 10
330 Polyline major arterial 0 0 16.054838 0.09631 10
340 Polyline minor arterial 1 0 13.119398 0.078701 10
341 Polyline minor arterial 1 0 1282.173509 1.922876 40
342 Polyline minor arterial 1 0 279.010504 0.418432 40
345 Polyline minor arterial 1 0 16.24184 0.097432 30
349 Polyline minor arterial 1 0 13.091252 0.078532 10
351 Polyline minor arterial 1 0 21.721954 0.130306 10
377 Polyline minor arterial 0 0 13.000705 0.077989 10
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378 Polyline minor arterial 0 0 13.976384 0.083842 10
379 Polyline minor arterial 0 0 15.896849 0.095362 10
384 Polyline major arterial 1 0 1299.154039 1.298894 60
385 Polyline minor arterial 0 0 17.8078 0.106825 10
389 Polyline minor aerial 1 0 412.697004 0.618922 40
390 Polyline minor arterial 0 0 16.144693 0.096849 10
400 Polyline major arterial 1 0 76.933447 0.115377 40
401 Polyline minor arterial 1 0 72.417816 0.144807 30
402 Polyline minor arterial 0 0 520.23392 0.780195 40
410 Polyline minor arterial 0 0 1339.807639 2.00931 40
411 Polyline minor arterial 0 0 2554.808036 3.831446 40
413 Polyline major arterial 1 0 39.930725 0.039923 60
414 Polyline major arterial 1 0 72.577217 0.072527 60
415 Polyline 1 1 553.158403 0.553048 60
416 Polyline major arterial 1 0 71.177089 0.071163 60
417 Polyline major arterial 1 0 42.199807 0.042191 60
418 Polyline major arterial 1 1 550.793674 0.55041 60
419 Polyline minor arterial 0 0 17.939827 0.107617 10
435 Polyline minor arterial 0 0 13.707509 0.082245 10
436 Polyline minor arterial 0 0 22.260378 0.133562 10
438 Polyline minor arterial 0 0 19.883685 0.119278 10
439 Polyline minor arterial 0 0 17.484582 0.104887 10
440 Polyline minor arterial 0 0 15.417305 0.092485 10
441 Polyline minor arterial 0 0 15.891351 0.095329 10
444 Polyline minor arterial 0 0 14.821208 0.088909 10
445 Polyline minor arterial 0 0 15.045702 0.090256 10
446 Polyline minor arterial 0 0 13.354801 0.080113 10
447 Polyline major arterial 0 0 23.357345 0.140116 10
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448 Polyline minor arterial 0 0 31.516124 0.189096 10
449 Polyline minor arterial 1 0 48.615085 0.097211 30
450 Polyline minor arterial 1 0 40.7758 0.244654 10
451 Polyline minor arterial 0 0 14.997267 0.089966 10
454 Polyline minor arterial 1 0 24.677929 0.037009 40
455 Polyline minor arterial 1 0 46.910606 0.070352 40
456 Polyline minor arterial 1 0 28.425008 0.042629 40
457 Polyline minor arterial 1 0 20.550368 0.030819 40
459 Polyline minor arterial 1 0 20.423648 0.122517 10
467 Polyline minor arterial 0 0 18.584549 0.111485 10
468 Polyline minor arterial 0 0 17.374746 0.104228 10
474 Polyline minor arterial 1 0 18.159403 0.119143 10
475 Polyline minor arterial 1 0 17.024585 0.112498 10
476 Polyline minor arterial 0 0 20.721922 0.124307 10
477 Polyline minor arterial 1 0 17.326444 0.103938 10
478 Polyline minor arterial 1 0 17.017017 0.102082 10
479 Polyline major arterial 1 0 6086.718 6.086718 60
481 Polyline major arterial 1 1 2041.626237 1.530913 80
482 Polyline major arterial 1 0 5028.125319 5.028125 60
484 Polyline minor arterial 1 0 21.593018 0.129532 10
489 Polyline major arterial 1 0 63.848284 0.063836 60
494 Polyline major arterial 1 0 204.81163 0.204771 60
495 Polyline major arterial 1 0 213.472435 0.21343 60
520 Polyline minor arterial 0 0 22.799095 0.136767 10
523 Polyline minor arterial 0 0 20.102417 0.12059 10
524 Polyline minor arterial 0 0 18.303062 0.109796 10
525 Polyline major arterial 1 0 19.39478 0.116345 10
526 Polyline minor arterial 1 0 22.114566 0.132661 10
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527 Polyline minor arterial 1 0 21.77661 0.043545 30
528 Polyline minor arterial 1 0 20.95017 0.041892 30
529 Polyline minor arterial 1 0 18.149894 0.036293 30
530 Polyline minor arterial 0 0 15.475152 0.092832 10
531 Polyline minor arterial 0 0 21.232071 0.11219 10
532 Polyline minor arterial 1 0 861.946104 1.292661 40
533 Polyline minor arterial 1 0 1023.253729 1.534574 40
534 Polyline minor arterial 1 0 681.191973 1.021584 40
535 Polyline minor arterial 1 0 686.134782 1.028996 40
546 Polyline minor arterial 1 0 9.178664 0.059406 10
547 Polyline minor arterial 1 0 9.314635 0.060235 10
548 Polyline minor arterial 0 0 8.592138 0.056288 10
549 Polyline minor arterial 1 0 8.563003 0.056077 10
550 Polyline minor arterial 1 0 8.817445 0.057605 10
551 Polyline minor arterial 1 0 8.80385 0.05752 10
562 Polyline major arterial 1 0 5268.253057 3.9504 80
564 Polyline minor arterial 0 0 2202.15417 3.303231 40
568 Polyline minor arterial 0 0 34277281 0.205623 10
570 Polyline major arterial 1 0 454.724893 0.454634 60
571 Polyline major arterial 1 0 380.571473 0.380495 60
572 Polyline major arterial 1 0 1493.548467 1.49325 60
573 Polyline major arterial 1 0 36.095415 0.036088 60
574 Polyline major arterial 1 0 1815.774532 1.813512 60
575 Polyline major arterial 1 0 653.032897 0.652902 60
579 Polyline minor arterial 1 0 1572.57997 2.358398 40
580 Polyline major arterial 1 0 330.087189 0.330021 60
581 Polyline major arterial 1 0 1137.293766 1.137066 60
582 Polyline major arterial 1 0 145.206991 0.145178 60
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584 Polyline major arterial 1 0 347.402106 0.347333 60
586 Polyline minor arterial 1 0 20.819465 0.124892 10
587 Polyline major arterial 1 0 835.689031 0.835522 60
588 Polyline major arterial 1 0 1311.778233 1.311516 60
589 Polyline major arterial 1 0 237.926769 0.237879 60
590 Polyline major arterial 1 0 104.811304 0.10479 60
591 Polyline major arterial 1 0 149.625459 0.149596 60
592 Polyline major arterial 1 0 164.158017 0.164125 60
593 Polyline major arterial 1 0 97.688092 0.097669 60
594 Polyline major arterial 1 0 92.352838 0.092334 60
596 Polyline major arterial 1 0 1493.533925 1.493235 60
597 Polyline major arterial 1 0 439.19633 0.439109 60
598 Polyline major arterial 1 0 101.480954 0.101461 60
600 Polyline major arterial 1 0 1041.087636 1.040879 60
601 Polyline major arterial 1 0 187.28743 0.150388 60
603 Polyline minor arterial 1 0 2040.616516 3.060924 40
604 Polyline major arterial 1 0 1574.7788 1.574464 60
605 Polyline major arterial 1 0 415.50705 0.415424 60
606 Polyline major arterial 1 0 299.38732 0.223642 80
607 Polyline major arterial 1 0 189.561712 0.189524 60
608 Polyline major arterial 1 0 123.314792 0.133097 60
609 Polyline major arterial 1 0 155.379598 0.155349 60
610 Polyline major arterial 1 0 60.320831 0.060309 60
611 Polyline major arterial 1 0 222.02634 0.221982 60
612 Polyline major arterial 1 0 1550.338313 1.550028 60
614 Polyline minor arterial 1 0 11.871526 0.017807 40
615 Polyline major arterial 1 0 349.172935 0.349103 60
616 Polyline major arterial 1 0 196.1459 0.196107 60
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617 Polyline major arterial 1 0 1560.193758 1.559882 60
618 Polyline major arterial 1 0 604.698415 0.604577 60
619 Polyline major arterial 1 0 32.000594 0.031994 60
620 Polyline major arterial 1 0 16.685495 0.016682 60
622 Polyline minor arterial 0 0 35.963216 0.053934 40
623 Polyline minor arterial 0 0 27.029235 0.040536 40
624 Polyline minor arterial 0 0 18.23234 0.027343 40
633 Polyline minor arterial 0 0 98.603901 0.147876 40
634 Polyline major arterial 1 0 19.016114 0.028524 40
635 Polyline major arterial 1 0 119.641759 0.119618 60
636 Polyline minor arterial 1 0 57.238436 0.114454 30
637 Polyline minor arterial 1 0 18.790008 0.037573 30
639 Polyline minor arterial 1 0 20.51057 0.03076 40
640 Polyline major arterial 1 0 548.928598 0.548819 60
641 Polyline major arterial 1 0 560.206325 2.585051 10
642 Polyline minor arterial 1 0 122.354497 0.183531 40
643 Polyline 1 1 89.119102 0.089101 60
644 Polyline major arterial 1 0 179.901121 0.179865 60
645 Polyline major arterial 1 0 33.572811 0.033566 60
646 Polyline major arterial 1 0 460.26723 0.460175 60
647 Polyline major arterial 1 0 219.32589 0.219282 60
648 Polyline major arterial 1 0 38.608731 0.038601 60
649 Polyline 1 1 51.292622 0.051282 60
650 Polyline major arterial 1 0 1002.605871 1.002405 60
652 Polyline minor arterial 1 0 156.695137 0.234996 40
653 Polyline major arterial 1 0 116.477198 0.116454 60
654 Polyline major arterial 1 0 190.718452 0.19068 60
655 Polyline major arterial 1 0 221.748861 0.221705 60
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657 Polyline major arterial 1 0 47.225229 0.047216 60
658 Polyline minor arterial 1 0 57.720661 0.086564 40
659 Polyline major arterial 1 0 59.631685 0.05962 60
660 Polyline major arterial 1 0 208.843046 0.162929 80
661 Polyline major arterial 1 0 190.508233 0.142853 80
662 Polyline major arterial 1 0 457.048505 0.469871 60
663 Polyline major arterial 1 0 1091.334684 0.818337 80
664 Polyline minor arterial 1 0 466.540593 0.62193 40
665 Polyline major arterial 1 0 606.037657 0.454437 80
666 Polyline major arterial 1 1 3026.374571 2.269327 80
667 Polyline minor arterial 1 0 1080.221567 1.080006 60
668 Polyline major arterial 1 0 2787.790621 2.090425 80
669 Polyline major arterial 1 0 1219.659104 0.914561 80
670 Polyline major arterial 1 0 31.798603 0.031792 60
671 Polyline major arterial 1 0 75.185428 0.076471 60
672 Polyline major arterial 1 0 435.989131 0.435902 60
673 Polyline minor arterial 0 0 396.115814 0.594055 40
674 Polyline minor arterial 1 0 35.984515 0.053966 40
675 Polyline minor arterial 1 0 73.711025 0.110544 40
677 Polyline major arterial 1 0 89.76697 0.089749 60
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Table B-2 Attribute information for the suggested roads

Object ID Shape Road Type One-way | Bridge | Time (Minute) Speed (Km/hr) Shape Length Width (m)
1M Polyline major arterial 1 0 3.284104 80 4652.480811 60
2M Polyline major arterial 1 0 5.448734 80 7719.039667 60
3M Polyline major arterial 1 0 5.208483 70 6076.563597 60
4 M Polyline major arterial 1 0 5.224863 70 6095.672989 60
5M Polyline major arterial 1 0 1.242731 70 1449.852949 60
6M Polyline major arterial 1 0 1.223806 70 1427.773932 60
7M Polyline major arterial 1 0 12.462951 80 17655.84696 60
8M Polyline major arterial 1 0 5.314954 80 7529.518516 60
9M Polyline major arterial 1 0 0.874215 80 1238.470559 60
10M Polyline major arterial 1 0 7.08778 80 10041.02196 60
11M Polyline major arterial 1 0 2.238733 70 2611.855045 60
12M Polyline major arterial 1 0 2.222295 70 2592.67704 60
13 M Polyline major arterial 1 0 3.268267 80 4630.044411 60
14 M Polyline major arterial 1 0 0.757349 80 1072.910586 60
15 M Polyline major arterial 1 0 5.440692 80 7707.64724 60
16 M Polyline major arterial 1 0 0.936685 80 1326.969934 60
17 M Polyline major arterial 1 0 0.929357 80 1316.589143 60
18 M Polyline major arterial 1 0 1.389678 70 1621.291276 60
19 M Polyline major arterial 1 0 1.401252 70 1634.794497 60
20M Polyline major arterial 1 0 1.829396 70 2134.295287 60
21M Polyline major arterial 1 0 0.020289 70 23.670606 60
22 M Polyline major arterial 1 0 1.338836 70 1561.974785 60
23 M Polyline major arterial 1 0 3.190042 70 3721.715709 60
24 M Polyline major arterial 1 0 4.746247 70 5537.287701 60
25M Polyline major arterial 1 0 4.771298 70 5566.514624 60
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