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Abstract: Tramway system is the issue of this research projeamway can be defined as a system of tran:
used wholly or mainly for the carriage of passeagehich employs parallel rails that provide suppard
guidance forvehicles carried on flanged wheels, and has besigmsd to have a significant element wh
operates on line-afight on a highwa The main objective of this research project is fmxh on the
deternination of the best route fqproposed tramway into Readi city. It also focuses on the other import
design considerations. Origdestination stations and four proposed routes Haaen selected based
navigation, surveying, and specifications by usB®S device, total station device, Civil 3D progrand GIS
software. Six main criteria with their sub critehave been chosen, which are: accessibility, saéstynomic
environment, population density and trips, and sgcuA comparative form for these criteria has heesignec
to facilitate the comarison process to select the best proposal anfenfptir proposal Multi-Criteria Decision
Making (MCDM) method has been used to evaluategptbposals. The results of the analysis explainatittre
proposall is the best alternative among four adtives to be an acceptable tramway route at Ramsx.

Keywords:Tram, tramway, light railway, route selection, G{Syil 3D, track alignment design, MCD.
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1. Introduction
Transportation means the movement of people, g@wdkspther thingfrom one allocate
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location to another. The Main functions of transgbon are: links residents with
employments; links producers of good with theirrasand provides the options for work,
shopping and recreation, and give access to healtitation, and other faciliti€s.

Transportation services are represented by eithgatp transport or public transport.
Tramway system is a public transport and it isisisee of this research project. Tramway can
be defined as a system of transport used whollynainly for the carriage of passengers,
which employs parallel rails that provide suppaord guidance for vehicles carried on flanged
wheels, and has been designed to have a signifedamtent which operates on line-of-sight
on a highway?.

Tramways have several advantages, which are: eelteaffic congestion; convenient
transportation means, since it is provided combdeta fast, and safe transport;
environmentally friendly without air pollution; and addition, it is reflected aesthetic aspect
in the areas passing through them. While on theerottand, tramway has several
disadvantages, which are: at infrastructure: (faglsland platforms) occupy urban space at
ground-level, sometimes to the exclusion of ottears, including cars; at stop stations: there
is not enough space for the passengers, or thenpas are collected in a limited space; and
at tram: may be noisy when crowded with peéple

This research aims to find the suitable tramwayteaw Ramadi city, but the route
selection process required a wide range of nawgasurveying, and other to collect data.
Several proposals through this process could lextsel by using several tools, devices and
programs. Finally, Multi—Criteria Decision MakinylCDM) method was adopted to select
the most suitable and the optimum route among aepeoposals, and several criteria should
be assigned to facilitate the comparison amongtbposals'?.

2. Objective of Study
The main objective of this research is to deterntiveebest route for a proposed tramway

in Ramadi city. To accomplish this main objectitbe following objectives should be
achieved:

1- Collect, process, analyse sets of data in the @reshich the proposed tramway pass,
in a manner that can be considered as a guideiprtitess of choosing the best route
of a tramway with its main design considerationghsas the stop stations and
platforms.

2- Explain the assumptions, specifications, and timéditions that should be considered
for choosing the best tramway route during theewbibn of data.

3- Develop a set of design criteria that are consaiasediscriminating factors necessary
to determine the best alternative route.

4- Express the importance of using the recent tramasfan tools, such as GIS, GPS,
AutoCAD, in conjunction with the using of MCDM metti, and show how they will
affect the quality of best route choice.

3. Area of Study
Ramadi city (the capital of Anbar province) is 8tady area of this project. It is located in

the western part of Irag. Ramadi city occupies rapartant strategic location where it is
located about 110 kilometres west of Baghdad.
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This city is also characterized as located on tlannexpressway, which is leading to -
Syrian and Jordanian borders.

Figurel: Location of Ramadi in Iraq [14].

4. Specification and Limitation
To select an appropriate and secure track, prapbaacurate assumptions and limitati

must be adopted. The assumptions and limitaigoverned by several factors, which are:
geometric design of the track which depends orieghgth and shape of tram vehicle, and
location of the track which governed by land usepwlation density; traffic density ar
congestions; and the existe of important positions, generation, and attracgositions
Ramadi tramway has been decided to select the toabk in the median of the roads wit
single rail due to several reasons which
» Since the track is a single rail and the medianttwwill be sufficient; therefore, it'
considered more econon
» The choice of median route will not affect on tlaerageway widtt
» ltis free from the water and sewage networks (Rbé& Directorate of Anbar Sew
The Directorate of Anbar Wate
» In addition, it reflects a beautiful view to the reggan which it passes throut
Based on global references, the limitations ofiig@ometric design art*>6"
e Minimum Radius of track = 25 mete
e Minimum CrossSection along the track = 20.meters.
¢ Minimum CrossSection at stop platform = 27 met:
* Vertical Clearance = 4.10 mete

5. Surveying and Data Collectiol

The first step in this research included a widegeanf navigation and exploration of t
study area, so as to: assign thegin and destination of the tram station, selectsii¢able
proposed routes based on the specifications andations, and select the appropri
platform (stop stations).The navigation and sumgyinclude two important field work
which are: origindestination selection and candidate route selecgon different tools an
devices were used to facilitate and manipulate ecurate collected data which a
measuring tape, GPS device (Garmin etrex GPS), station device (Leica TC 1202), a
GIS pogram (Arc GIS10). Figure2 explains the tools tised in surveying of this resear
Also, other data are used through the navigatiouatie selection such as: Master Plan (2

208



Journal of Engineering and Development Vol. 20, No.1, January 2016 www.jead.org (ISSN 1813-7822)

and 2033) for Ramadi city from the Department obd&ir Planning; and thcontour Lines
Map of Ramadi, which obtained from Turkish Compamgt achieved the overall surveyi
for the City in 2018°..

The origin —destination selection is considered as the mosbitapt step in the rou
choice process; therefore, the selec of the origin and destination of the tramway roist
very necessary to select the suitable candidatewtsy routes. These two points must
selected accurately in order to serve the requingsnef the city, based on the specificati
and limitations The origin position was selected to be locatedrafie new gate by abo
(700) meters for the reasons: it is the largesantarea, which is needed for constructing
main station in addition to the wide car parkirtgstposition is surrounded besidential with
the high population density area; and it is eaaghable for rural users. While the destina
station was decided to be located on the westela gi Ramadi city in the 18 kilo regic
based on the comprehensive master plan [*®.The coordinate’s positions of origin ar
destination have been saved using a GPS deviceghandrepresented on Ramadi sate
image by GIS program, figure [3] explains the m-destination position.

w

MasColidleisy  Endediilp W0
i

Arc GIS Program

o

Measuring Tape

(]

GPS Device

Total Station Device

Figure 1: Surveying tools and devices. Figure 2: Origin-Destination selection and Proposed routes.

6. Platform Selection
The stop stations (Platforms) were selected depgnal the land use layer, and basec

the decided specifications alimitations, especially according to generation atiaction
zones.Land use layer for the study area was made usiogvip and depending on Ram.
master plans. The layer was divided into five categ, which are: residential aree
generation zone'gommercial area "attraction zone"; services arelaictwincludes school:
hospitals, and others of governmental departmentd, it also considered as an attrac
zone"; amusing area “which include the agricultiaall recreational areas”; and Indud
areas. Figures [4] and [5] illustrates the land ua&egories and the platform locatic
respectively, which are draw by Arc Map
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Figure 4: Land use categories.  Figure 5: Platform locations

7. Selection of Comparison Criterie

7.1. General
Four routes have been proposed to Ramadi tramwadytobchoose the suitable and k

one among them, the properties and the charaatsrist each route should be identified ¢
then making a comparison among them. Six mainr@iteavebeen selected for comparis
purpose, which are: accessibility, safety, envirentn economic, population density, &
security. A comparison’s form has been designedrately with great interest to include t
proposed routes with their criteria and criteria in order to facilitate the comparison prss
to select the best proposal.

7.1.1. Accessibility
Accessibility can be defined as the relative edseaching particulars locations or areas.

selected to include two important -criteria,which are: travel time and land L

« Travel Time: means a specified period of time spent in trangpTravel timecan be
expressed in the formula:

Route's Length

Travel Time = + Stop Time (1

Average Running Speed
- Theroute’s length was measured using Arc N
- Average running speed has been assumed 70 |
- Stop time represents the stopping times of tramataach stop platform. So, it can
calculated by multiplying the number of stop stati@n each route by thtop time in
one station. The stop time in one stop platformbeen assumed equal to 2 Min
Depending on equation (1) and its parameters alounl procedures, table shows the
travel time valuesiti minute! for the proposals.
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Table 1: Travel time calculations.

Routes 3D Length Average Running Stop Time No. of stop ~ Travel Time
(Km) Speed (Km/hr.) (Minute) platforms (Minute)
Routel 23.513 70 2 9 38.15
Route2 23.170 70 2 9 37.86
Route3 24.122 70 2 7 34.67
Route4 31.756 70 2 8 43.22

X/
o

Land Use The land use is subdivided into five categories civhare: residentia
commercial, services; amusing, and industrial. Staely area was divided into sevent:
(equal areas) circular sectors. The radius of esmchor was taken to be (350 mete
This vdue is recommended by the Iragi specification fog thaximum distance th
pedestrians can walk Each sector was surveyed to calculate the egidéind use
categories as follows; the residential area wasremged by sectors, each sei
approximatelyincludes 16 residential units, service category veggesented as a ur
while commercial, industrial, and amusing areasevexpressed as percentages frormr
total area of the sector, table [2] explains tlseilts of land use calculatic

Table 2: Land use calculations

Route Sectors Residential Services Commercial Industria  Amusing
I
1 S+S3+Se+ S+ S0t S1at S+ SietSi7 162 58 55%A 47%Ar  19%Ar
2 S5+ S+ S+ Syt Siat Sis+ St Si7 144 69 62%A 9%AT 17%Ar
3 S+S+5+S;, +S5+ S+ Sy, 96 28 22%A: T%AT  22.6%A
4 S+S+S5+S1+S14+Si5+S16+ 517 161 23 24%A 45%A;  22.8%A
7.1.2. Safety

Safety criterion is represented by three sub caitehich are the following

X/
o

No. of black points: means the locations on the roads that have larmgyaster of
accidents. The data which related with this crterivas collecte from Ramadi traffic
directorate and the black points on proposed rowese assigne according to an
interview and discussiowith the manager of traffic directorate. The pa@npositions
were saved by GPS and then inserted on Ramadite image by Arc Map10, figure [¢
and table [3] explains the distribution of blackmis.

Black Points

& sucrpoints

——— Rowel
“—t— Rowe2

Rowted
* | Rowws

Lacation

Table 3: No. of black points on each route.

Route No. of Black Points
Routel 4
Route2 5
Route3 6
— = — - Route4 5

Figur 6: Black points positions
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% No. of Intersections : The No. of intersections with road and the No. ma&isection:
with river are the sub divided of this criterioth&dtramway routes were selected to
located on the median of the roads; thereforersatgions points between tramway ¢
roads existed, especially on roundabouts and estaét these points, accidents n
occur. So these points should be minimizedossible. Intersections points assignec
saving position by GPS and then inserted on Rasetdilite image by Arc Map. Figu
[7] and table [4] explain the distribution of inserction point:

v . v
Intersections Points Locations

Table 4: No. of Intersection points on each
route.

Route No. of Intersections Poir
Routel 24
B Route2 23
| Route3 19
| Route4 15
|

Figure 7: Intersections points locations.

s Alignment: The numbers of horizontal curves, numbers ofie@rturves and maximu
grade for each route have been consider factors affecting on track safety, figure
explains the parts of alignmer
- No. of horizontal curves: The horizontal alignméateach route was designed us
AutoCAD Civil 3D program 2013, where the necessdaya for horizontal alignmei
designcollected through surveying, by using total statoidl GPS device
- No. of vertical curves: vertical alignment for eachlite was designed using AutoC/
Civil 3D program. For this purpose, the contoue$ifor Ramadi city were drawn, whe
the data wasaken from ACAD’s Company as a list of points irdgal easting, northin
and elevations[15]. These points were insertedivil 8d program. The contour lines a
profiles were created and then the vertical aligmmes designe
- Max. Grade %: the mimum percentage of grade was assigned for eacloged
route by using Civil 3D program, tables [5] and f{plain the results of parameters
route alignments.

Table 5: Geometric parameters for parts.

Parts No. of HCurve No. of V-Curve Max. Grade?
Part 1 5 4 0.48%
Part 2 16 19 0.33%
Part 3 6 13 0.62%
Part 4 1 11 1.2%
Part 5 5 15 2.52%
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Part 6 5 12 2.91%

Part 7 21 21 1.08%

Part 8 38 30 0.37%
A

Part 6
Part7
Part 8
Part &

Figure 8: Alignment parts

Table 6: Parameters of routes alignments

Routes Parts of each route No. of H-Curve No. of V-Curve Max. Grade%
Routel Party, Part,, Parts, Part, 28 47 1.2%
Route2 Part;, Part,, Parts, Partg 31 50 2.91%
Route3 Part;, Partg, Part, 44 45 1.2%
Route4 Part;, Partg 26 33 2.91%

7.1.3. Environment

Generally, environmental factors that may affecttmselection of the best routes are:

+ Noise and vibration The noise and vibration that occur by the tramway trouble
people who live close to tramway route. The lergfthesidential area on which the tram
pass was considered as the length of noise. Frenddta collected by GPS surveying
that are represented in figure [9], the lengthaafrepart has been calculated by using Arc
Map. Then the noise and vibration have been cakailas a percentage of the total
length of its own route length based on equatigntéble [7] explains the calculation of

noise and vibration effect.

Sum of Parts on route

Noise & Vibration = *100%

Route length
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Noise&vite aton

Figure 9: Effecting of noise & vibration

% Aesthetic Aspect along the trac

Table7: Calculations of noise and vibration effect.

Route Noise lengt Route length  Percentage
Routel 9226.210 23513.239897  39.2%l,
Route2 7677.002 23170.629635  33.1%L,
Route3 11393.415 24122.05539  47.2%l;
Route4 11393.415 31756.456497 35.9% L,

The passage of the tramway should be in the regibreesthetic feature to grant t
passenger’s comfortable feeling. The value of triserion has been expressed a
portion of thepath length, where the length of path that paskealigh the aesthet
regions has been recorded by GPS and then insmtedtellite image by using Arc Mi
10; figure [10] and table [8] explain the calcubsus of aesthetic aspe

Sum of Parts on route

Aesthetic Aspect =

Route length

Effecting of Aesthetic Aspect

x100% (3)

Table 8: Calculations of aesthetic aspect along route

Route

Aesthetic aspect length Route length  Percentage

Routel
Route2
Route3
Route4

2610.846 23513.239897 11%L
2064.416 23170.629635 9%L,
7344.110 24122.05539 30%Lg
1647.023 31756.456497  5%L4

Figure 10: Effecting of aesthetic aspect.

7.1.4. Economic

The main subdivisions that are taken under the@oancriterion are

« Path length The length of each proposal has been calculadealsurface length (3C
using a python window in Arc Map. The cost for ttnack length will be measure
according to the amount of each unit length. Thaerdhat has the longest value \
score less weighting value. Table [9] explainsrthee length in ilometer:.
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Table 9: Length of proposed routes.

Route 3D Length (Km)
Routel 23.513
Route2 23.170
Route3 24.122
Route4 31.756

+« Cost of construction Several things will affect on the economic aspdcthe project
when intended its constructiwhich are:

* Length of bridge: The length of each bridge thaistsxon each route has be
measured by the GPS device. Table [11] explaindahgth of the bridge on ea

route.

* No. of stop station: The number of stop platforinat tare located on each te has
been taken into consideration when estimating tben@mic factor. Table [1(
explains the number of platforms on each rc

» Geometrical improvements: The required geometriprawements along the tra
have been calculated as a percentage ofotal length of its own route length, whe
the length of each part is calculated by using @ytwindow by Arc Map. Figure [1!
explains sections along the routes which need nif@avements, while table [1
indicates their statistics. The lengths wercorded by GPS and their position v
saved by GPS and inserted by GIS on the satetiiaeg*®’.

Table .
H- & B

Improvements

OBJECTID* SHAPE * 30 length

Polyline 675.181974

Polyine 2678163683 |

Polyling 1385.133907 | §8

|| e

Polyline 2160.401568

| Improvements | i’
“i\rcTuc box “Tsa\e Of Cont.. JE TabIeJ i

< m

|
[T n»nE

/(0 out of 4 Selected)

»

Figure 11: Calculation of geometric improvement.

Table 10: Calculation of geometric improvement.

Route Geometric improvement ~ Route lengtt  Percenta
[m] [m] ge
Routel 1395.134+675.1¢ 2070.316 23513.23989 9 %L,
Route2 1395.134+2478.1¢ 3873.298 23170.62963 17 %L,
Route3 —_ — 24122.0553 0 %L;
Route4 2160.402 2160.402 31756.45649 7 %Ly
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Table 11: Cost of construction

Routes Length of Bridge No. of Stop Platform Geometric improvement %
Route 1 150 m 7 9 %l
Route 2 200 m 7 17 %L,
Route 3 200 m 5 0 %ls
Route 4 100 m 7 7 %ly

» Cut and Fill quantities: The earthworks quantibésut and fill have been taken into
consideration to evaluate which route is more epoooThese quantities have been
calculated using AutoCAD Civil 3D 2013 through selesteps in program based on
the alignment design sample lines, and computerrabggtions in the program for
each part and then for each route. Tables [12] BBidexplain the results of each part
and of each route respectively.

Table 12:Quantities results for parts

Parts Cut (Cu.M.) Fill (Cu.M.)
Part 1 9,086.62 4,529.81
Part 2 2730.8 4660.37
Part 3 299.37 4743.66
Part 4 752.84 7117.75
Part 5 4216.62 4850.76
Part 6 5662.03 6128.41
Part 7 35724.88 53585.85
Part 8 747.51 30850.56

Table 13: Quantities results for routes

Routes Parts of each route Cut (Cu.M.) Fill (Cu.M.)
Routel Part;+Part,+Part;+Part, 12,869.63 21,051.59
Route2 Part;+Part,+Parts+Partg 21,696.07 20,169.35
Route3 Part;+Partg+Part, 10,586.97 42,498.12
Route4 Part,+Partg 41,386.91 59,714.26

7.1.5. Trips and population

The estimation of population and trips of each eoexplains the impact of the people who
will use the tram through the calculation of theplation density of the people who will use
the tramway and determine the percentage of thailatipn who wish to establish the

tramway as well as the number of Trips on eaclktrac

% Population Density means the number of people living per unit of asaasr the number
of people relative to the space occupied by thenmpde able to calculate the population
density, the layer of Ramadi segments distributibas been made by using geographic
information systems (GIS), which based on the Ramma$ter plan and on the divisions
(zones) that created by Wassan MéHdi
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The distribution of population density has been enbyg Arc Map based on the collected
data of the statistics population distribution,atohumber of people in 2010, and total
number of people in 2012. Several steps were ndstimate the population density that
each route can be served, those steps are:

Stepl:Calculation of growth factor that should be cadtet to estimate the population
density for the year 2013 and 2033. The availatagstics of the population are only for
the years, 2010 and 2012 The growth factor has been calculated, as follow:

Let: %=, No.of people at 2010. , and

Xo=).No.of people at 2012.

Where, The Growth Factor [r])—%(_zﬁ;

_452267-420666

=0.0698 oGth Factor for two years.
452267

_0.0698
r=

=0.0349 Growth Factor for one year.

Step2: Calculation of population densities of zones foe tyear 2013, depending on the
statistical data of 2007, where the number of ped@l each zone has been calculated based
on the equation:

No. of peoplé-yure =NO. Of personyresents (1+1)" (4)

Where, n= No. of years.
r= Growth Factor.

The population density was calculated by inserthmgequation of population density in the
field calculator window in Arc Map, where:

Population Density (p_D_)I_Vg-Of people in zone 5)

Area of the zone

Figure [13] illustrates the graphically distributeficalculated population density for all
Ramadi zones.
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Figure 13: Locations of sectors on the zones.

Step3:Population density is calculated for each routenftbe estimated population
sectors. Figure [14] assigns the sector's locatidhe study area, and tables [14] and |
indicate the calculated population density for esettor in year 2013 and fthe alternative
routes respectively.

Al-Ramadi Population Density 2013

Figure 14: Ramadi population density 2013 distribution.

Table 14: Population density 2013 in each sector

No. Sectors P.D. (Person/Kr%) No. Sector P.D. (Person/Kr®)
1 Sector 1 1704 9 Sector 9 7304
2 Sector 2 1704 10 Sector 10 2217
3 Sector 3 1344 11 Sector 11 2599
4 Sector 4 931 12 Sector 12 4944
5 Sector 5 3244 13 Sector 13 6423
6 Sector 6 11964 14 Sector 14 5389
7 Sector 7 5715 15 Sector 15 3611
8 Sector 8 3760 16 Sector 16 8489
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Table 15:Population density on each route (Person/Km2)

Routes Sectors P.D. (Person/Kr)
Route 1 S+Set St S0t S14tSi5tS16 36,774
Route 2 S+ S+ S+ S+ S5+S5+S6 42,895
Route 3 S+S+S1, +S15+Sk6 24,463
Route 4 SH+S+S,1+S14+Si5+Si6 24,263

% Percent of acceptance to construct tramwayA simple questionnaire form has been
designed to be able to calculate the percentageafle who desire to construct tramway
and the numbers of trips for each of proposed mukese forms have been distributed to
the people who live in a residential sector formreatcproposed routes.

To estimate the acceptance of people to constnectramway in Ramadi, a questionnaire
form has been designed as explained previouslyremiee form has been distributed to
several sectors, especially the generation sectbed was having a high population
density”. These sectors are (1, 2, 3, 5, 6, 709,11, and 16). So, for these sectors sample
size will be calculated. Thompson formula is usedctlculate sample size of the
population proportion, where the sample size foarhdsed on the normal approximation
gives*:

n= il 1;2(1—1:) Thompson formula

(N—1)(Z—2)+p (1-P)
Where; n: sample size.

N: number of people in sector.

P: population proportion, since no estimatiofPa$ available prior to the survey, a worst
— case value of P= 0.5 has been used in deternsaimgple size because the sample size
assumes its maximum value when P=0. 5.

z: is the uppee/2 point of the normal distribution, which equal(1096).

d: error proportion, which is equal to (0.05).

So, the number of people (N) in each sector shibeldalculated to estimate the sample
size. The number of people is calculated by myiitng) the areas of residential by the
population density of its own sector. Tables [16d §17] demonstrate the calculations and
the percentages of acceptance for the sixteentbrseand the alternative routes,
respectively.

Table 16: Percent of acceptance to construct tramway for sectors.

Sectors | P.D. R.Area No. of Sample Distributed Forms Percent of
(Km?)  people [N] size [n] form (lost) which get acceptance to
[Yes] construct tramway
Sector 1| 1,704 0.05 84 69 80 (8) 69 96 %
Sector 2| 1,704 0.13 179 122 130 (6) 120 97 %
Sector 3| 1,344 0.033 44 39 45 (5) 36 90%
Sector 5| 931 0.13 121 92 100 (9) 91 100 %
Sector 6| 11,96 0.073 873 267 270 (13) 257 94 %
4
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Sector7
Sector 9
Sector
10
Sector
11
Sector
16

5,715
7,304
2,217
2,599

8,489

0.053
0.12
0.11
0.18

0.06

302 169 170 (9) 134 83 %
850 265 270 (11) 246 95 %
617 237 240 (13) 227 100 %
81 67 70 (6) 56 88 %
486 215 230 (38) 192 100 %

Then the acceptance of each route has been caldwgttaking the average of acceptance
percent of its own sectors:

Table 16: Percent of acceptance to construct tramway for Routes.

Route Sectors Average of acceptance %
Route 1 [S1+S:+S+S10tSg] /5 96%
Route 2 [Si+S+S+S5tS,q /5 95%
Route 3 [S1+S+S+S1, +S14 /5 94.6%
Route 4 [Si+S+S+S11+S16] /4 96%

s No. of Trips: To estimate the generated number of trips foheaute, an analysis
process was made in the questionnaire form, whexe are 1610 copy of the form had
been distributed in September 2013 to the populatiside the sectors boundary. The
generated trips of each sector have been determamedhen the trips of each route have
been calculated from total led trips of each seotats own route. Tables [18] and [19]
explain the calculation of trip generation of prepd routes.

Table 18:Trip generation calculations.

Sectors Total Trip Generation in Sector (Total of Trips / Month) Routes
Route 1 Route 2 Route 3 Route 4
Sector 1 4188 2359 1186 58 585
Sector 2 2136 0 0 2136 0
Sector3 1203 755 448 0 0
Sector5 1719 0 0 0 1719
Sector6 4159 3058 1101 0 0
Sector? 2032 0 0 2032 0
Sector9 5628 0 5628 0 0
Sectorl0 4072 4072 0 0 0
Sectorll 1058 0 0 0 1058
Sectorl6 4993 3556 511 287 639
Total Route Trips 13800 8874 4513 4001
Table 19: Trip generation of proposed routes.

Routes Average of sectors Trips/Month

Route 1 (S1+S5+S6+S1p +S16)/5 2,760

Route 2 (Si+Ss+ S5+ St Si6)/5 1,775

Route 3 (Si+S+S+ Sie)/4 1,128

Route 4 (S+S+S11 +S16)/4 1,000
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7.1.6. Security

The security criterion represented the locationsedfurity building in Ramadi cit
which have beerdentified in cooperation with security centers|igm® stations, and throug
navigation and surveyinglhis criterion was assigned as points, where tlioations were
saved by GPS and then inserted on satellite imagel®. Figure [15] and table [20] iicate
the security stations.

T T
Security Points Locations

Table 20: No. of Security Points

Route No. of Security
| B8 Points
Route: 8
1 Route: 10
Route! 8
Route: 5

Figure 15: Security points locations

Finally, the six criteria and sub criteria wearranged in a comparison form. A review fc
has been designed to evaluate the comparison fednsw@Ebmitted to a group of transportat
experts with a copy of comparison form in ordeetaluate its suitability to find the optimu
route of Ramadi tramway.

8. Data Analysis

Multi- Criteria Decision Making (MCDM) method has been s#oto evaluate the propos
for selecting the optimum route among the four pegls, because the (MCDM) mett
represents a tool that has been developed fortesglethe be¢ option among sever:
candidates. The procedure of analysis by usingieitiod include?%

8.1. Identify alternatives
Based on the navigation, surveying and validityratk location and geometric design of
track, four paths have beafentified as proposed routes to Ramadi Tram

8.2.ldentify decision / selection criter

Six main criteria have been identified with theaitbscriteria to facilitate comparison ama
the four proposals, which are: accessibility, safenhvironmenteconomic, population ar
trips, and security. Each one of the main six gatéas sub criteria. Each criterion and
criterion has been calculated as hereinbe
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8.3. Assign weights

A gquestionnaire form containing the project summemy a list of the main criteria with their

definitions were designed to evaluate the criterggghts. A group of experts formed of three
decision makers (civil engineers) in Anbar city ahe authors evaluated the criteria and
weighted them. The nature of the study area wasntato weighting considerations. The
final weighted values were averaged to be usetiarfdllowing sections. The weightings of

the adopted criteria are located in table [21].

Table 21: Evaluated values of decision-makers

Criteria Supervisor Associate Member of  Presidentof  Average
Administrator the  the Council  the Council
Municipality
Accessibility 20% 13% 15% 10% 20%
Safety 25% 15% 23% 10% 15%
Environment 10% 12% 20% 10% 10%
Economic 15% 20% 15% 50% 20%
Population 20% 20% 15% 10% 25%
Density

Security 10% 20% 12% 10% 10%

Total 100% 100% 100% 100% 100%

The weightings of the main six criteria have beemdéd into sub weighting to prepare it for
analysis process. To achieve the main researclttolgewhich is the selecting of the best
route for the proposed tramway, a hierarchical fogethe main six criteria with their sub-
criteria were drawn, figure [16] explains the trek criteria and sub criteria with their
weighting.

8.4. Design a scoring system

The criteria and sub-criteria values for each alidve have been normalized by a scaling
factor (3), which calculated by equation (4) ort@Ring into consideration the desirable value
among alternatives. Table [24] explains the catoataof scaling factor based on the table
[23]:

If a high criterion value is desirable (e.g. Popoladensity, Trips.... etc.):

_Calculated Value % 100 (6)

Max.Value

If a low criterion value is desirable (e.g. Tratigle, Cost... etc.):

Min. Value % 100 (7)

Calculated Value
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8.5. Rate of sces of alternative

The rate of each criterion for each proposal hasbmlculated by multiplying the scali
factor () of the criterion by its own weightingctar (@i). Table [23]explains the results
the score rating for each criterion based on thie 2]

Rating of Score = scaling factc3) x weighting factor @;)(8)

8.6. Total the scores

The concluded weights of the selected criteria vwetaled for eaclalternative route. Th
route having the highest score among the fourraltares represents the best «
The results of the totaled scores as explainedentable [4.26] are (85.73) for popos:
(77.08) for proposal2, (70.84) for proposal3, aff.Q¢) for proposal4. Proposall has
highest score (85.73); therefore, proposall magdmsidered the best alternative among
four alternatives to be an acceptable tramway ratitRamadi city. Figure [18] explain:
comparison of the final results fcoute proposals.

Figure 16: Tree of criteria and sub criteria with their weighting.

Travel Time (5%) ‘

Servises (3%)

Commertial (3%) ‘
Land Use (15%) ‘ Amusing (3%) ‘

Residential (3%)
Indestrial (3%)
No. of Black Point (4%)
With Road (5%)
No. of Intersection (5%) H:
With River (0%)

No. of V-Curve (2%) ‘

Alignment (6%,) ‘~|E No. of H-Curves (2%) ‘
Max. Grade% (2%) ‘

Noise Vibration (5%) ‘

Aesthitic Aspect (5%,) ‘ Bridge (3%) ‘

5 ic (20%) { Path length (5 %)‘ No. of station (3 %)‘
— Economic
2L icost of construction (10%) ‘ Geometric Improvement (3 %) ‘

Cut (3%)
Fill (3%)

Population Density (9%,) ‘
T

— Accessibility (20%,) ‘

- Safety (15%)

Goaual: Best Route ‘—

- Environment (10%) ‘{

— Population _Trips (25%)

L Security (10%)

Acceptance% (8 %)‘
No. of Trips (8%) ‘
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Table 22: calculated values of criteria and sub criteria

Calculated Values

Goal Criteria weight Sub Criteria Weight Proposal 1| Proposal 2] Proposal 3] Proposal 4
Travel Time (min) | 5% 38.15 37.86 34.67 43.22
o Services 3% 58 69 28 23
Accessibility . Commercial 3% 55 62 22 24
| Land Use] Amusing 3% 19 17 22.6 22.8
Residential 3% 162 144 96 161
Industrial 3% 47 9 7 45
No. of black points 4% 4 5 6 5
No. of Intersection Wi.t n R(?ads 2% 24 23 19 15
Safety 15% With River 0% 1 1 1 1
No. of V-Curve 2% 48 50 45 33
K% Alignment No. of H-Curve 2% 28 31 44 26
8 Max. Grade % 2% 1.20% 2.91% 1.20% 2.91%
o
g Environment 10% Noise & Vibration effect] 5% 39.2 33.1 47.2 35.9
- Aesthetic Aspect 5% 11 9 30 5
(7]
g |  Pathlength (Km) | 5% 23.513 23.17 24.122 31.756
Bridge Length (m) 3% 150 200 200 100
No. of stations 3% 7 7 5 7
Economic 20% Cost of ConstructiorI Geometric 3% 9 17 0.1 7
Improvement
Cut (nf) 3% 12869.63 21696.07 | 10586.97 41386.91
Fill (m?) 3% 21051.59 20169.35 | 42498.12 59714.26
) Density of people 9% 36774 42985 24463 24263
Population o
Density 25% Acceptance % 8% 96 95 94.6 96
No. of Trips/month 8% 2760 1775 1128 1000
| Security | | 10% | | No. of security points | 10% | | 4 5 6 5
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Table 23: Calculation of comparison results

Scaling Factor
(Min. OR (Value/Max. Rating of Score = Scalling Factor*Wei
Value/Value)*100 Value)*10(

Propl)osed Progosed Proposed 3 Proposed 4 Propl)osed Proposed2| Proposed3 Proposed4|
90.88 91.57 100.00 80.22 4.54 4.57 5.00 4.01
84.06 100.00 40.58 33.33 2.80 3.33 1.35 1.11
88.71 100.00 38.71 38.71 2.66 3.00 1.16 1.16
93.41 85.71 94.51 100.00 2.50 2.23 2.97 3.00
100.00 88.89 59.26 99.38 3.00 2.67 1.78 2.98
100.00 19.15 14.89 95.74 3.00 0.57 0.45 2.87
100.00 80.00 66.67 80.00 4.00 3.20 2.67 3.20
62.50 65.22 78.95 100.00 3.13 3.26 3.95 5.00

1.00 1.00 1.00 1.00 0.00 0.00 0.00 0.00
68.75 66.00 73.33 100.00 1.38 1.32 1.47 2.00
92.86 83.87 59.09 100.00 1.86 1.68 1.18 2.00
100.00 41.24 41.24 41.24 2.00 0.82 0.82 0.82
84.44 100.00 70.13 92.20 4.22 5.00 351 4.61
36.67 30.00 100.00 16.67 1.83 1.50 5.00 0.83
98.54 100.00 96.05 72.96 4.93 5.00 4.80 3.65
66.67 50.00 50.00 100.00 2.00 1.50 1.50 3.00
71.43 71.43 100.00 71.43 2.14 2.14 3.00 2.14

1.11 0.59 100.00 1.43 0.03 0.02 3.00 0.04
82.26 48.80 100.00 25.58 2.47 1.46 3.00 0.77
95.81 100.00 47.46 33.78 2.87 3.00 1.42 1.01
85.55 100.00 56.91 56.45 7.70 9.00 5.12 5.08
100.00 98.96 98.54 100.00 8.00 7.92 7.88 8.00
100.00 64.31 40.87 36.23 8.00 5.14 3.27 2.90
100.00 80.00 66.67 80.00 10.00 8.00 6.67 8.00

1599.47 1556.34 70.97 68.20
9. Result

The results of analysis explain that proposallnigeceptable tramway route to Ramadi ¢
Figure [18] explains the acceptable tramway rcto Ramadi city. However, this res
depends mainly on the following assumptions anditditions; therefore, the result
considered acceptable within these limitations asslimption:

100.00 -
©
§ 50.00 -
0.00 : : : .
1 progbsale 3 4

1- Figure 3: Final result
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2- Regarding thetraffic conditions, the research depends mainly tbe geometric
characteristics of Ramadi road network due toithédtion of the study perio

3- The lack of information about population by Ramadithorities may restrict tr
results for comparison purses. For example, the available statistics is dorythe
two years, 2010, and 20:

4- Due to the security situation of the city, very itied information about the secur
points was got by a researcl

5- The weighting values for the main criteria withir sub-<riteria set by the legislativ
bodies of governments were very limited and maylyigyary from one to anothe
which make it difficult to maintain their weightisgThe selection of the best roi
will strongly be affected by this point. Fina

6- The researcher selected the multi criteria decisiwaking (MCDM) method ti
evaluate and choose the best proposal, which dependhethodology that may diff
from another procedure; however, this method isentdg widely used b
transportation planneand Engineers.

332000 336000 340000 344000 348000

Plateforms on Routel

Figure 18: An acceptable tramway route at Ramadi city

10. Conclusion and recommendatio

This research introduces an acceptable tramway @uRamadi city which is represented
proposall. The results of this analyindicated clearly that many of the technical chadles
of implementing, the tramway systems in variousridors of the city can overcom
Furthermore, it demonstrates that Tramway is alféand efficient transportation mode
Ramadi city.

Based orthe general results of this research, the follovgamts could be conclude
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X/
L X4

Collecting, analysing, and processing of data f@as on which the proposed tramway
pass, besides, explaining the factors with theaitéitions for the socioeconomic and land
use features reveal that they play a crucial mkelecting the suitable route.

It is essential to identify the main criteria witieir sub criteria that govern the weighting
process to select the best route depending onnthéeat conditions and existing facilities
of the area on which the tramway will pass. Theregged criteria in this research project
are; (accessibility, safety, environment, economapulation density, and security).

The weighting values that are assigned for eadkrwn, decided by the experts in the
region and the decision makers, are considerekeéactors scoring the suitable route.
The findings of this research are convenient ta lgeiide to Al-Ramadi province planners
and designers in taking the suitable and logicaisiten in case of applying tramway
project.

The design of the layout of a tramway and the looabf stop stations (platforms) are
experienced as a multidisciplinary activity and gasition of urban layers.

The research reflects the importance of the muiterga decision making (MCDM)
method of supporting the planners in evaluatingthite candidates.

Based on the experience gained during this resegtretsoftware of GIS is a very useful tool
in surveying and representing data, GPS devicevisra good tool in saving location and
coordinates, and the program Civil 3D is very ukefialignment design and in calculations
of cut and fill quantities.

There are several important notes which can bedlias future recommendations, which are:

X/
L X4

X/
L X4

X/
L X4

X/
L X4

X/
L X4

Performing a study to connect tramway mode witleothodes of transportation.
Performing a study to find the suitable and theetayarages to the tram stop stations.
Finding the traffic flow, designing speed, and lew€ service (LOS) to Ramadi roads'
network, and then checking the proposed routesusecéhe proposed tram routes are
based on traffic data which are expected to be reffitgent than those based on land use
only.

Evaluating Ramadi roads' network, and studying dffect of tramway on the network
improvement.

Performing a comparative study about the costashtand the costs of other modes, and
checking their effect on standard living.

Testing other methods and tools to select pattaysing them, and choosing the best path
among them, and then comparing results.

Performing a study about the tramway structuraigieand underlying layers for tram
infrastructures.

Abbreviations
R Radius of curve.
) Degree of curve.
Lc Curve length.
Vv Design speed.

X1 No. of persons 2010.
X2 No. of persons 2012

227



Journal of Engineering and Development Vol. 20, No.1, January 2016 www.jead.org (ISSN 1813-7822)

N No. of years.
R Growth factor.
P.D.  Population density (person/Kjn
[n] Sample size.
R.A. Residential area.
N No. of persons in sector.
P Population proportion.
Z Uppero/2 point of normal distribution.
D Error proportion.
MCDM  Multi Criteria Decision Making.
3 Scalling factor.
O Weighting factor.
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