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Abstract: Highways are vital to national transportation,ezsally in developing countries where infrastruetahallenges
are common. This study evaluates and predictsefellof Service (LOS) for a rural two-lane, two-widghway in Iraq
that connects Salah al-Din and Kirkuk governoratd® road suffers from high traffic volumes, inchgl 15% heavy
vehicles, frequent accidents, and poor geometsigdelt is divided into seven segments coverinvgidie land uses such
as urban, industrial, and residential zones. UHfighhway Capacity Software (HCS-2024) and methodel®from the
HCM 7™ Edition, the current LOS was found to range betwEeand F, indicating critical congestion and safesues.
These conditions negatively affect economic pradlifgt road safety, and quality of life. To addrehsse challenges,
the study proposes lane expansion, geometric inepnewnts, and speed adjustments. These measurepected to raise
LOS to A and B under current conditions, and t&€Band D in future growth scenarios. The study lghits the value
of applying modern analytical tools to rural higlysand provides a framework for improving trafferfprmance and
logistics efficiency in similar contexts.

1 Introduction performance of highways also reflects their ability

One of the most important aspects of the transpdindle traffic, which encompasses the followingtdes:
system is the presence of road networks in thetoppuas ~ Traffic Volume: How many vehicles can use a roadre
they facilitate travel by people and goods to défe areas time? Traffic speed refers to the speed at whidticles
[1]. By the development of the country, the urbatian is can travel on various sections of the highway. fioaf
also increasing, and the population is also sigmifly ~congestion refers to the volume of traffic thabad can
increasing, making it difficult to maintain and emice the accommodate without necessitating slowing downtdue
performance of h|ghway systems as it has greagpres the hlgh density of vehicles on it. Anticipation sHrvice
from the increasing number of road networks [2]e Thlevels helps the growth of infrastructure, impraytraffic
h|ghways primarily serve as a means of transporfe’@le ﬂOW, technical ele.ments Of |Og|St|CS, and the m.m:ma-tlon
from one place to another, and their performanaéesa Of new technologies, which can assist in maintajrtine
depending on factors such as the volume of traffing highest level of effectiveness of transportatiop [5
the road, the speed at which it moves, and thel lefve Various factors, including traffic volume, road ags
congestion on the streets. All of that is crucial tenvironmental factors, traffic conditions, and basi
determining the degree of efficiency of road Systefﬁj iﬂfrastrl:lcture, influence the LOS for tWO-lane, tWﬁy
In recent times, technology has advanced rapidijnate  fural highways [6]. Several studies have focused on
change has a significant impact on human life, ptimg ~ €Vvaluating and improving the LOS using various gl
a transformation of rural highways in the currert ef Methods and tools, particularly Highway Capacity
high complexity and rapid technological advancemjt Software (HCS) and Highway Capacity Manual (HCM).
The potentia| requirements for h|ghways increasdteess' The studies identified key factors inﬂuencing L@SCh as
populations, economies, and urban areas expand. The percentage of heavy vehicles [7], lane widthd a
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design speed [8,9], and the influence of road gégmetraffic volume, speed, lane width, environmental
[10]. The majority of these factors directly affékhe LOS conditions, etc. Therefore, HCM’'s methodologies are
and the number of head-on collisions, especialljindu regarded as most accurate and applicable therefotaey
peak traffic hours [11]. provide the groundwork for the transportation plagrand
There are many challenges associated with thliesign [27]. The Highway Capacity Software (HCS)
transport system in developing countries, espscial provides the computational application of HCM's
Irag. These include congestion, reliable, and safdic methodologies. The HCS significantly outperforme th
transportation; accidents on the road; and difficulhen HCM by enabling detailed analysis of various scesar
it comes to non-motorized modes of transportatit®].[ facilitating the evaluation of current conditionadathe
The congestion generates high levels of air polfuind assessment of future performance based on varaiffis t
noise pollution, as well as greenhouse gas emissfma growth models and enhancements. The integration of
developing nation, Iraq has seen many of its trartafion HCM and HCS is evolving a smart methodology for
networks and highway infrastructure deteriorate thue highway evaluation, which ultimately relies on asséd
wars. Additionally, there seems to be a lack ohplin and the most credible prediction [28].
place to upgrade the transportation system to meet This study considers evaluating the existing LOSafo
demands [13]. Improving any system like transpamat two-lane, two-way rural highway in the governoratés
involves a process that bridges the gap betweepubkic  Salah al-Din and Kirkuk in Irag. Rural highways are
and the government [14]. To enhance a highway syste essential for supporting traffic flow and logistids
the future, it's crucial to comprehend its requieets, developing countries like Iraq. However, the litara
scrutinize and assess them, and chart out theefetuwices shows a clear gap in using modern tools such as tdCS
it will necessitate. Based on the growing populatiolraq, assess the technical aspects of traffic and logisti
this study identifies key factors that will shape future management. Few previous works have combined LOS
service levels of the country's highway systentiziig the  evaluation with detailed segment-based analysis,
HCM and HCS methodologies. particularly on rural highways. This study addrssgeat
Most of Iraq's highway networks are two-lane, twayw gap by evaluating the existing and future LOS dfva-
highways [15]. The highway connecting Salah al-Biid  lane, two-way rural highway using HCS-2024 and HCM
Kirkuk governorates in Iraq is one such vital liskerving 2022. The road was divided into seven segments for
not only as a conduit for local traffic but alsosastrategic detailed analysis. A structured, step-by-step apgravas
route for commercial and logistical movements. Taper adopted to ensure accurate problem identification,
evaluates and analyses the main concerns. Incindbdt  systematic evaluation, and the effective develognoén
challenge is the fact many of these highways atenof logistics and traffic management strategies. Thathwod is
congested, have higher accident rates, and havtedim particularly suitable for handling infrastructureatlenges
passing opportunities. In addition to the congestibese by combining technical assessment with forward-iogk
highways suffer from inadequate maintenance armanning.
insufficient signage [16,17]. Another significasisue is
finding appropriate improvement techniques for eac@ M ethodology
highway. In order to better understand this isgoa,need A significant component of this study involves tree
to address how road geometrics and traffic chaiiatits  of real two-lane highway data and growth ratesritento
impact the level of service [18-22]. Geometricpredict future traffic volumes. This will be folla by the
characteristics include lane width, shoulder widlhd application of HCM  and HCS 2024 to analyze and
sight distance. These characteristics aid in main@ eyaluate the LOS on the selected highway undetirgis
driver safety on the highway, regulating vehicleexpdue and future conditions. In addition to being vergfus this
to limited space for maneuvering, and enablingdiieer  data gives an accurate picture of how traffic isl &
to see potential obstacles ahead [23-26]. Narroed@nd struggling on these highways in real time. It wik
sharp curves will increase the chance of an actidesbssible to assess the service level more accyratel
because a driver does not have enough time to ieacidentify improvements that need to be made, ainng
another vehicle crosses the centerline or maketh@no jncrease the efficiency and safety of the chosen
type of non-diverse maneuver. A properly desigreatir highway. Analyzing the real data for segments was
with adequate sight distances will provide a vehisith  accomplished with the HCM'"7 followed by the HCS-
enough time to see the hazard ahead and reactawiyr 2024 in order to validate the results and analfeedata in
to the situation. . ~ detail. In this program, every effort has been méeale
One of the core parts of transportation engineeisng portray reality as accurately as possible. Thratxghnew
the highway capacity evaluation, which determinies t highway design, it will be possible to improve segm
efficiency, safety, and LOS of a highway. The HCMyuality, reduce risks, and increase safety, botrthia

provides a most widely accepted planning and desigfisting conditions and in the future.
standard framework to evaluate the performance of

highways. HCM takes into consideration factors sash
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2.1 Description of thesite The highway connects Baghdad's major agricultural,
The two-way highway that connects Salah al-Difiecreational, and religious areas with the souththef
Governorate and Kirkuk Governorate in Iraq is actau country. Additionally, a significant number of hgav
transportation route, characterized by high trafitumes, vehicles transporting goods on the chosen highway
numerous heavy vehicles, and a high rate of traffigontribute to serious congestion at various tinf¢iseoday.
accidents. Every day, approximately 15% of the risad The highway is also plagued by poor geometric doore
occupied by heavy vehicles. This highway can bédiv and heavy traffic. Furthermore, the traffic voluraad
into seven segments: the southern access, whias fa@ccidents on the selected highway within AADT aitV/P
congestion from local and agricultural traffic; theban are very high, and in the past two decades, thare heen
interface; the industrial zone; a mid-segment flages numerous deaths, injuries, and property damages. A
congestion from agricultural traffic; residentiabas; and comprehensive evaluation of these highways is iatper
the northern segment leading into Kirkuk, whichtommes in order to identify key improvements that can entea
to experience heavy traffic, as indicated in Figure safety, efficiency, and overall service levels bis tvital
As one of the most important international highwaygoad.
the road is of immense economic and cultural sicanifce.

a

Kirkuk Governorate

Salah al-Din Gover nor ate

s cnSe

Figure 1 The study area from an aerial photograp][

2.2 Datacollection this paper was vital in understanding current icaff
Data collected for the highway can be categorinénl i conditions, making sure the analysis was accuiate,
three categories: highway geometric, traffic volyraed planning for future improvements. Based on existing

vehicle speed data. The primary method for datectidn ~ conditions, Figure 2 shows traffic volume data. dtwver,

in this study was observation. Video recording wathe growth rate will be used in order to prediet HOS for
performed daily during peak hours for one hour aaer future traffic conditions in the selected study aare
period of two weeks using a camera-type video wmor Additionally, the directorate of transportation and
Both vehicle types (passenger cars and heavy fracids communications registrations compiled by the Miryigif
movement directions were counted for all segmentBlanning [30]in Iraq showed an annual growth cdtiree
Furthermore, geometric data was collected at tee Bhis  percent (3%) consistent with the number of vehicles
evaluation included measurements of lane widthedan registered over the past few years. Figures 3 ématé-4
access points, and lateral clearances. The dataptbin  show predicted traffic volume data.
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Figure 2 (A) The number of passenger cars per fimuthe seven segments (B) The percentage of ehigies per hour for the
seven segments under existing conditions
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Figure 3 (A) The number of passenger cars per fimuthe seven segments (B) The percentage of lehigles per hour for the
seven segments under mid-term conditions
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Figure 4 (A) The number of passenger cars per fimuthe seven segments (B) The percentage of wehigies per hour for the
seven segments under long-term conditions
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2.3 Analysis software percentage of trucks (HV%) will increase by 3% aailyu
The Highway Capacity Software (HCS-2024), basetdr the mid-term and long-term period. In ordepésform
on the methodologies outlined in the 7th editiontd a mid-term and long-term analysis, it is necesdary
HCM, evaluates the capacity, performance, and Lefel convert the present demand volume to the futurk-pear

Service (LOS) of different types of roadways. Witke ~demand volume (PHV), using Equation (2):

updated HCS 2024, transportation management
professionals will have an enhanced tool for anatyand (2)
assessing highway performance and LOS, incorpgratin

the most recent guidelines from tHeetlition of the HCM. In this case, PHV represents peak hour volume, g
Transportation planners and highway designers hise trepresents growth rate, and n represents the nuofber
tool to analyze traffic flow, congestion, and capadhus Yyears. Finally, a new feature of this system isréfakiction
enabling better highway designs, traffic managerramd in the number of access points in each segmentdo t
transportation planning. It helps identify traffitow

improvements and mitigation strategies, includin®@ Resultsand discussion

changing incident management and access managementThe road performance analysis was conducted using
policies. It helps in identifying highway mainteman HCS-2024 and HCMTedition. The results of the analyses
needs and provides an in-depth analysis of thewasigh showed that the ‘current LOS' of the highway is

PHV(Future) = PHV(Present) x (1+§)

system. significantly poor because of increased volumeraffit,
the presence of heavy vehicles, and interruptiansed by
24 Analysis inadequate road design. The results of the anabises

There have been numerous field investigations én tevealed that the free flow speed is relatively kwe to
study area, which aimed at verification of geonsetnnd  road condlt]ons and vehlcle interactions. The asislglso
traffic data, segmentation, and collection of deteessary reveals a higher delay time and frequency of stopt of
for analyses. The collected data included trafients, Which negatively impact service quality and traffafety.
speeds, volumes, and crash data. Field investigati@re The analysis of the present road condition has based
conducted using field surveys, interviews, an@ut by considering four types of performance inttics
observations of the highway. All data was processedi such as density of vehicles, vehicle speed, dafay | OS.
analyzed using standard software programs. Accgritin Additionally, the LOSs for the mid-term and longrtein
observations made for each segment, the posted kate 2034, 2049, respectively, are predicted. The LOBesa
is 62 mi/h (100 km). Based on Equation (1), theefame for the two scenarios fell within the range of FRoThis

flow speed (BFFS) will be estimated using HCl 7 indicates an urgent need for improvements in theraly
performance and traffic safety of the road. Additildy,

(1) the potential forimprovement in each segment fgoirtant
for decision making to give clear overview about titaffic

Where Spl represents the posted speed limit (mi/fgonditions and to identify the segments that needse
each lane has a width of 11 feet (3.35 meters)jrapedch improved in order to enhance the expected traresjoomt
direction, the shoulder width and lateral clearsareezero. and to smooth & safe the traffic flow. Some of the
Furthermore, in order to evaluate the LOS for eadmprovements are to be performed as per the otioiz
segment, it is necessary to estimate the demandneol Of the roads such as widen. Repair. Upgrade tretiegi
under prevailing conditions (V) and convert it toet infrastructure, introduce some technology featstesh as
demand flow rate under equivalent base conditivpy.( traffic signals and automatic traffic control syste and
According to the traffic volume, the maximum peatuh ely on regular inspections and regular maintenaficee
volume (PHV) has been determined for each segriteat. road performance. _ . _
following information is provided for each of theven The current Policy on Geometric Design of Highways
highway segments under existing circumstancesdahe and Streets 2018 states that LOS-A is for rurahways
not only aids in future LOS predictions, but alsgsan that are free flow, LOS-B is for rural highways witbere

BFFS =1.14 x Spl

highway improvements like lane widening and mutida
route conversion. For future highway improvemetits,

is reasonably free flow, and LOS-C is for ruralhvigys
when there is stable flow. Some highway agencess the

posted speed limit is 60 mph (97 kph), and BFFS dd0S-D (approaching unstable flow) as the highessldd

multilane highways is approximately five miles peur (8

the others. There are two types of LOS: LOS-E caiilng

kph) above the posted speed under base conditibas wan unsteady flow or traffic at maximum capacityd a@S-
the speed limit is higher than 50 mph (80 kph)evesn F, indicating a forced flow or unacceptable traffic
miles per hour (11 kph) when the speed limit is lgan  conditions. These segments of the highway require
50 mph (80 kph). There is 12 ft (3.6 m) of lanetwitbr improvement to achieve a better LOS [31].

each lane, while shoulder width and lateral cleagain There are numerous ways in which low infrastructure
each direction are 6 ft (1.8 m). The Ministry offing, Ccan negatively impact different types of highwagnssFor
Central Statistical Organization of Iraq (MPCSO¥Xxample, a traffic collision can result in a hunaacident,
estimates that the peak hour volume (PHV) and tieotentially resulting in fatalities, financial hatups,
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business losses, or job insecurity. As well asd@wa study, each segment of the highway was analyzedjusi
significant impact on the environment, it also has HCS-2024 to determine the existing LOS and pretthet
significant impact on the people living near thghway LOS for both the mid-term and long-term conditidrsn
[32]. Additionally, this increases for individualsffecting both directions of the highway. Table 1 preserg¢gdsults
their budgets and financial well-being. Poor LOSh caof HCS-2024's analysis of the selected highway uttde
hinder productivity and economic growth in surroimgd current conditions.

areas, exacerbating the problems for highway ubetkis

Table 1 Evaluation of the highway's existing cands in 2023

No. of FES Average VMT VHD Follower
Segment  Direction mi/h speed Veh-  Veh- Density, LOS
mi/h mi/AP__ h/P__ Follower/mi/ln
1 Right 63.¢ 59.¢ 551 0.6( 14.¢ E
Left 63.1 58.¢ 461 0.52 15.¢ E
5 Right 62.¢ 58.€ 56t 0.6t 16.€ E
Left 63.% 59.( 49z 0.57 16.¢ E
3 Right 63.7 59.4 47¢ 0.5¢ 16. E
Left 63.F 59.4 53¢ 0.5¢ 14.2 E
4 Right 63.2 59.2 511 0.5t 13.¢ E
Left 63.€ 59.€ 471 0.4¢ 13.1 E
5 Right 63.( 59.2 46¢ 0.4¢ 12t E
Left 62.¢ 58.¢ 49z 0.52 12.¢ E
6 Right 63.t 59.€ 49¢ 0.52 12.¢ E
Left 63.4 59.t 501 0.52 12.¢ E
7 Right 62.t 58.t 54t 0.6( 14t E
Left 63.7 59.¢ 49¢ 0.51 12.¢ E

Based on a detailed assessment of the currenttmondi  The methodology adopted in this study is distinigeds
of the highway connecting Salah Al-Din and Kirkukby its accuracy and comprehensiveness, as it ategr
Governorates, and utilizing real-world data analyzeactual traffic data analysis with LOS forecastingdels
through the HCS-2024 software and the HCMIEdition, while considering local highway conditions in Irakhis
the study revealed that the LOS across all sevgmesats context-specific and efficient approach is partciyl
of the highway existing ranges between LOS E arikhis  valuable in addressing the challenges of rural \wigyts
reflects severely poor operational performancesuffering from inadequate infrastructure and ladk o
characterized by high traffic congestion, increasatdel sustainable planning, especially in regions expeirg
delays, significantly reduced user comfort, and/aled rapid traffic growth and a high percentage of heavy
traffic safety risks, largely due to the high prdmm of vehicles.
heavy vehicles and substandard geometric design.

This study contributes a scientific and practicaldel

Furthermore, the future projections under mediuma+ a that can be utilized by academic researchers, ypolic
long-term scenarios indicate continued deteriordléwels makers, and field engineers by highlighting theectir
of service unless comprehensive improvement megsurelationship between technical assessment outcames
are implemented. Based on these findings, the studgvelopment options. It provides a solid knowledgse to
concludes that it is imperative to undertake a pgekof support effective decision-making aimed at enhanthe
proposed enhancements, the most critical of which eéfficiency and safety of the highway network. Maren
converting the highway from a two-lane, two-wayalur the study emphasizes the importance of employing
highway to a multlane highway. Other propose@dvanced standard analytical tools such as HCHand
improvements include geometric design enhancements, support infrastructure-related decisions andytiide
such as widening shoulders and increasing speéts im resources toward interventions with tangible impamt
alignment with the new design standards while ra&inig  performance, service levels, and safety. Tableab)eT 3,
safety considerations. and Table 4 present HCS-2024 analysis results under

existing, mid-term, and long-term conditions.
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Table 2 Evaluation of the highway's existing cands in 2023 post-enhancements

No. of FES Flow Average Densty
Segment  Direction mi/h (r:/z?]t/el spg/er(]j pc/mi/in - No. of lane LOS
pc/h/in mi
1 Right 59.t 652 59.t 11.C 2 A
Left 59.t 694 59.t 11.7 2 B
5 Right 59.t 724 59.t 12.2 2 B
Left 59.t 73¢ 59.t 12.¢ 2 B
3 Right 59.t 71C 59.t 11.¢ 2 B
Left 59.t 63: 59.t 10.€ 2 A
4 Right 59.t 61(C 59.t 10.c 2 A
Left 59.t 61¢ 59.t 10. 2 A
5 Right 59.t 55€ 59.t 9.2 2 A
Left 59.t 572 59.t 9.€ 2 A
6 Right 59.t 582 59.t 9.t 2 A
Left 59.t 59¢€ 59.t 10.( 2 A
7 Right 59.t 622 59.t 10.t 2 A
Left 59.t 584 59.t 9.¢ 2 A

Table 3 Evaluation of the mid-term condition of tiluhe highways in 2049 post-enhancement
No. of Flow Average

Segment  Direction :;Ilz/ﬁ rate  speed Density No.of lane LOS
pc/h/in mi/h pc/mi/in
1 Right 59.t 91¢ 59.t 15.¢ 2 B
Left 59.t 97¢ 59.t 16.4 2 B
2 Right 59.t 101¢ 59.t 17.1 2 B
Left 59.t 104( 59.t 175 2 B
3 Right 59.t 997 59.t 16.7 2 B
Left 59.t 882 59.t 14.¢ 2 B
4 Right 59.t 84¢ 59.t 14 2 B
Left 59.t 87(C 59.t 14.¢ 2 B
5 Right 59.t 77C 59.t 12.¢ 2 B
Left 59.t 79z 59.t 13.8 2 B
6 Right 59.t 81( 59.t 13.¢ 2 B
Left 59.t 83¢ 59.t 14.( 2 B
7 Right 59.t 862 59.t 14t 2 B
Left 59.t 81€ 59.t 13.7 2 B

Table 4 Evaluation of the long-term condition ofititane highways in 2049 post-enhancement
No. of FES Flow Average
Segment  Direction rate  speed Density No.of lane LOS

mih - oohin milh po/miin
) Right 59 155!  58:  26.1 2 D
Let 59 1681 567  29¢ 2 D
, Right 59 174, 55¢ 31z 2 D
Let 59 178/ 555 32: 2 D
5 Right 59 1676 566 20: 2 D
Let 59 148  58¢ 25 2 C
. Right 59 142 594  23.¢ 2 C
Left 59 149  58¢  25: 2 C
- Right 59 128( 596  21: 2 C
Left 59 1316  59F 227 2 C
. Right 59 135¢ 506  22¢ 2 C
Left 59 140  59F 237 2 C
7 Right 59 143( 504 241 2 C
Let 59 137  59F 23] 2 C
@00 ~ 711~
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4 Conclusion Declaration of competing inter est

The analysis of the results highlights the sigaificand The authors declare that they have no known competi
detrimental impact of inadequate infrastructure towd financial interests or personal relationships toald have
LOS on highway users. These issues manifest imwsri appeared to influence the work reported in thisspap
ways, including an increase in traffic collisiomeduced
productivity, and hindered economic growth inReferences
surrounding areas, further compounding the chadlerigr [1] QUIUM, A.A.: Transport corridors for wider sa:t
highway users. Additionally, the problems extend to economic developmerfustainability Vol. 11, No. 19,
environmental degradation, adversely affectingdersis 5248, pp. 1-23, 2019.
living near the highway. Increasing traffic volumasd https://doi.org/10.3390/su11195248
congestion under both current and projected canditare [2] ABDEL WAHED AHMED, M.M., ABD EL
straining the highway segments, which are unable to MONEM, N.: Sustainable and green transportation for
accommodate high traffic levels. Currently the LioSalll better quality of life case study greater Cairoigy
7 segments is at E and F. However, after the Hbrc Journal Vol. 16, No. 1, pp. 17-37, 2020.
implementation of an improved management progrdim, a https://doi.org/10.1080/16874048.2020.1719340
segments will operate under LOS-A and B. For futur[3] ALBALATE, D., FAGEDA, X.: Congestion, road
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