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ABSTRACT 
 

Traffic safety is a major concern for the public, and an important component of 

the roadway management strategy. In order to improve highway safety, extensive 

efforts have been exerted by researchers, transportation engineers, and local 

government officials to reduce the number of crashes in Duhok city road network.  

In order to reduce the number of accidents, suitable safety countermeasures must 

be installed at road networks. In the City of Duhok which is located in the 

Kurdistan Region of Iraq, the number of registered vehicles has increased 

dramatically due to the economic growth and stability after 2005; thisِsituation 

resulted in significant increase in vehicle crashes. This thesis aims at introducing 

the concept of the Crash Modification Factors (CMFs) as an important analytical 

tool on measuring the road safety, identifying the sites with the most potential for 

the vehicle crash occurrence within Duhok City and suggesting safety 

countermeasures that may help in the reduction of crashes.   

A case study of 10 intersection and 11 roadway segments in Duhok City are 

presented in the thesis. Crash data used in the analysis are obtained from the 

Duhok Directorate of Traffic Police for the years 2017, 2018, and 2019.   

Traffic volumes (AADT) are measured for every segment and intersection along 

with the geometric characteristics. Then the Highway Safety Manual (HSM) 

predictive method was applied to the sites. The expected number of crashes at 

each site was determined, and compared with the actual (observed) crashes to 

assess the safety condition at each site.  

Results showed that all sites lack to the appropriate traffic safety and need safety 

improvements to reduce traffic crashes. A comprehensive search of the potential 

safety countermeasures that might improve the traffic safety was conducted using 

the US Federal Highway Administration (FHWA) clearinghouse website. For 

each site, several safety countermeasures that had the potential to decrease the 



 
 

xi 
 

actual number of crashes at the sites were recommended. As a result of this study, 

the observed number of crashes was significantly decreased for each site, 

indicating that a sufficient safety improvement will be provided at these sites. This 

innovative method can be further extended to assess the safety of the whole road 

network in Duhok City and rural highways as well. The analysis showed that the 

CMFs can effectively assess the safety situation at any intersection or road 

segment, which can be addressed by the installation of proper safety 

countermeasures to improve the safety at that site. 
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 Introduction 

 

1.1.  Importance of Road Safety 

Many sectors of society understand that road safety is a vital and valued public 

asset, and have devised policies and programs to support and sustain it. We're all 

concerned about the alarmingly high frequency of motor vehicle collisions. 

Despite several measures that aim at reducing accidents and improving road 

safety, the problems continue to worsen over the years. The economic and social 

effort to reduce road accidents in developing countries cannot be overemphasized 

because the severity of the problem is very pronounced.  

It has been recognized that including road safety into the road management system 

is critical. The number of road crashes may be the first image that comes to mind 

when thinking of road safety [1]. Road safety takes into consideration the risk 

factors associated with the road and its environment, the road user, the vehicle 

and emergency services [2]. It must be improved in order to reduce collisions by 

using safer vehicles and roadways, as well as programs to influence road users' 

behavior. Vehicle features, road design, faulty enforcement, driver traits, kind of 

collision, and environmental variables all influence the probability of personal 

injury in road accidents [3]. Education, engineering, and enforcement can all help 

to improve traffic safety [4]. A specific sort of road safety management program 

is used by road authorities and road safety organizations to improve road safety 

performance for system users. Roadway enhancement programs, vehicle 

maintenance testing programs, alcohol-impaired driving campaigns, speed 

enforcement programs, setting road safety standards, a road safety research 

program, and other road safety programs are examples of safety management 

programs. Road safety can be managed by five E‟s, namely  (i) Education, (ii) 
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Enforcement, (iii) Engineering, (iv) Environment and (v) Emergency Service in 

road safety [5].   

1.2.     Overview of Vehicle Crashes in Duhok Governorate   

Duhok Governorate is strategically vital, due to its geographical placement 

between the main commuter routes of neighboring nations Turkey and Syria. 

Through the Ibrahim Al- Khalil Iraqi Border Point, it is regarded the key gateway 

between the Kurdistan Region and the rest of the world. Despite its key tourist 

location, Duhok City was ignored in all aspects during the old Iraqi government, 

including investment, construction, rebuilding, and urban planning, resulting in 

primitive, simple, and small roads [6].  

People's living standards in Duhok will progressively improve, owing to the high 

number of job opportunities produced in the region as a result of the government's 

massive subsidies and investments. Local regulations and ordinances sustain 

human existence in the region, and many people are able to drive their own 

vehicles. This rise in the number of vehicles using the same urban street network 

caused several traffic flow issues. This situation has resulted in increased traffic 

congestion and traffic accidents on the roads. As a result, it has become critical to 

organize traffic movement and safety in order to deal with this development [6].  

Figure (1-1) shows the increase in the number of vehicles registered in Duhok 

Governorate between years (2005 – 2019). 
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Figure 1-1:  Number of Vehicles and Their Types in the City of Duhok for the Past Ten Years (Data Collected 

From the General Directorate of Traffic in Duhok Governorate) [7] 

Figure (1-2) gives an idea about traffic accidents recorded in Duhok city during 

the period (2010-2020) which is reached 10074 accidents and on average of 

(1007) crashes per year, as well as an average of 84 crashes per monthِ ,and at 

daily average of 3 crashes [8]. The year 2013 have the greatest numbers of crashes 

which is 1319 crashes, and the lowest number of crashes occur at 2012.ِThe 

number of crashes gradually decrease since year 2015 to 2020. This is an 

important indicator that serious analysis and deep study are required to reduce the 

number and severity of the traffic accidents, and hence decreasing the losses in 

human lives and the infrastructure. 
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Figure 1-2: Number of Crashes in Duhok Governorate During the Period (2010-2020) [8] 

 

Figure (1-3) illustrate the number of injuries recorded in Duhok city during the 

period (2010-2020) which is reached 22353 injuries and on average of (2235) 

crashes per year, as well as an average of 186 crashes per monthِ ,and at daily 

average of 6 injuries [8]. Note that the largest number of injuries during the 

duration of the study occurred in 2013, and gradually decreased since 2016, as 

well as the lowest number of injuries is at 2020. 

 

Figure 1-3: Number of Injuries in Duhok Governorate During the Period (2010-2020) [8] 
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Figure (1-4) illustrate the number of deaths recorded in Duhok city during the 

period (2010-2020). The total number of deaths during this period is 1404 deaths 

and on average of (154) crashes per year, as well as an average of 13 crashes per 

monthِ ,and at weakly average of 3 death [8]. Note that the largest number of 

deaths during the duration of the study occurred in 2013, and gradually decreased 

since 2016, as well as the lowest number of injuries is at 2020. 

 

Figure 1-4: Number of Deaths in Duhok Governorate During the Period (2010-2020) [8] 

1.3. Traffic Accidents in Duhok Governorate and Their Percentage of 

Kurdistan Region and Iraq 

The results of table (1-1) shows the percentage of the number of traffic accidents 

for Duhok governorate as a percentage of contribution from the region and Iraq, 

and there is an increase in the percentage of contribution to traffic crashes for the 

province of Duhok to the region from 19.04% in 2010 to 22.30% in 2020. In 

addition, the percentage of crashes for Duhok Governorate from Iraq region is 

also increased from 5.56% in 2010 to 8.54% in year 2020. These percentages are 
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increase in the number of crashes in Kurdistan which is 28.27%, and for Iraq the 

contribution percentage is 9.17% [8].  

Table 1-1: Percentage of Duhok Governorate Crashes From Kurdistan And Iraq Region During the Period 

(2010-2020) [8] 

years 

Crashes in 

Duhok 

governorate 

Crashes in 

Kurdistan 

region 

Percentage of 

Duhok from 

Kurdistan 

Crashes 

in Iraq 

region 

Percentage 

of Duhok 

from Iraq 

2010 637 3345 19.04% 11458 5.56% 

2011 706 3774 18.71% 13856 5.10% 

2012 629 3451 18.23% 14160 4.44% 

2013 1319 4665 28.27% 14390 9.17% 

2014 1132 4659 24.30% 13473 8.40% 

2015 1220 4485 27.20% 13321 9.16% 

2016 1177 4434 26.55% 13197 8.92% 

2017 1152 4392 26.23% 13216 8.72% 

2018 1091 4208 25.93% 14060 7.76% 

2019 1002 4479 22.37% 15232 6.58% 

2020 646 2897 22.30% 7563 8.54% 
 

The results of table (1-2) shows the percentage of the number of traffic accidents 

injuries for Duhok governorate as a percentage of contribution from the region 

and Iraq, and there is an increase in the percentage of contribution to traffic 

crashes for the province of Duhok to the region from 13.49% in 2010 to 16.23% 

in year 2019, and then the percentage decreased at 2020.ِAs for injuries in Iraq, 

their percentage has decreased, but not significantly from 4.89% in 2010 to 4.12% 

in 2020. It is can be conclude that the number of injuries that occurred as a result 

of crashes is very high compared with Kurdistan and Iraq [8] .  
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Table 1-2: Percentage of Duhok Governorate Injuries From Kurdistan And Iraq Region During the Period (2010-

2020) 

years 

Injuries in 

Duhok 

governorate 

 Injuries in 

Kurdistan 

region 

Percentage of 

Duhok from 

Kurdistan 

Injuries in 

Iraq 

region 

Percentage of 

Duhok from 

Iraq 

2010 754 5587 13.49% 15397 4.89% 

2011 691 5742 12.03% 15940 4.34% 

2012 722 5932 12.17% 16941 4.26% 

2013 4290 12591 34.07% 23285 18.42% 

2014 4213 12095 34.83% 21305 19.77% 

2015 3967 12431 31.91% 21860 18.15% 

2016 4003 11531 34.72% 20547 19.48% 

2017 1658 7026 23.60% 16414 10.10% 

2018 1071 7026 22.31% 15239 7.03% 

2019 1102 6791 16.23% 18442 5.98% 

2020 636 4772 13.33% 15442 4.12% 

 

The results of the tableِ(1-3)ِ indicate the percentage of the resulting number of 

deaths from traffic accidents in Duhok governorate as a percentage of contribution 

fromِthe region and from Iraq. The results show that there is a decrease in the 

proportion ofِContribution of deaths to Duhok Governorate from the region from 

17.46% at 2010 to 13.43% at 2020. As for the contribution rate of Iraq, it rose 

from 2.82% at 2010 to 2.92% at 2020 [8]. 

 
Table 1-3: Percentage of Duhok Governorate Deaths From Kurdistan And Iraq Region During the Period (2010-

2020) [8] 

years 

Deaths in 

Duhok 
governorate 

 Deaths in 

Kurdistan 
region 

Percentage of 

Duhok from 
Kurdistan 

Deaths in 

Iraq region 

Percentage of 

Duhok from 
Iraq 

2010 88 504 17.46% 3121 2.82% 

2011 83 531 15.63% 3234 2.57% 

2012 120 572 20.98% 3704 3.24% 

2013 260 921 28.23% 3872 6.71% 

2014 189 797 23.71% 3566 5.30% 

2015 172 858 20.05% 3372 5.10% 

2016 205 81 25.31% 3341 6.14% 

2017 146 689 21.04% 3310 4.38% 

2018 117 655 17.86% 3422 3.42% 

2019 98 575 17.04% 3211 3.05% 

2020 58 432 13.43% 1984 2.92% 
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1.4.    Problem Statement 

The following concerns need to be addressed in the research: 

 

 The lack of road safety in Duhok City Road Networks which maximizes 

the loss of lives and injuries due to the problem of accidents on most parts of the 

city roads and intersections. 

 Increase the number of population in Duhok governorate from one year to 

the other year, and according to the data from the directorate of statistics the 

number of population in 2019 to 2021 was gradually increased (1,326,562, 

1,361,211 and 1,396,480 people respectively) [9]. Increasing number of 

population in Duhok governorate lead to increase the number of vehicles which 

in turn lead to the problem of accidents. 

 Increase in the number of vehicles using the same urban street network, 

lead to many problems in traffic flow, especially at road intersections and sections 

located within commercial, industrial, and residential sectors of the city. This 

condition led to traffic jam at the streets and increase traffic accidents, and need 

has become urgent to organize the traffic movement and safety to cope with this 

development. 

 Because of the continuous change of city hierarchy and the rapid increase 

in the traffic volume and number of vehicles, Duhok as any city in Kurdistan 

Region is suffering from the effects of road accidents, congestion, and low level 

of service on most parts of the city street network. Therefore, it is necessary to 

establish an effective plan to be coordinated among all related agencies to protect 

the city from excessive social, economic, and live loss 
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 The problem of the existing road geometric design errors such as the width 

of the lanes, shoulders, the median barrier, the highway curves, and the lack of 

traffic signs, which inversely affect the road safety.  

 1.5.   Research Objectives   

                    

   The research objectives are as follows:  

 Introducing the concept of the Crash Modification Factors (CMFs) as an 

important analytical tool on measuring the road safety performance. 

 Identifying the sites with the most potential for the vehicle crash 

occurrence within Duhok City Road network and suggesting appropriate safety 

countermeasures that may help in the reduction of crashes 

 Reducing traffic accidents and enhancing the regional economy, either 

by reducing loss of lives, or damage of vehicles. 

In addition to the preceding objectives, this study also aims to propose: 

 Reducing travel time and delay of traffic flow due to those accidents, 

 Investigating the public’s traffic-safety-related knowledge, attitude, 

behavior, and experience,  

 Fostering dialogue about traffic safety and how to improve it, and 

 Develop and authority further partnerships with schools, colleges, 

universities, health, and other organizations in the undertaking of traffic 

safety activities. 
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 1.6.   Scope of the Thesis 

The current thesis includes: 

 Highlighting the importance of road safety in transportation engineering, 

and the significance of minimizing the loss of lives and injuries due to vehicle 

accidents, and the costs arising from accidents occurrence. 

 Improving the process used to collect and maintain data for vehicle 

crashes, roadway geometry, and traffic volumes to assess the  roadway 

conditions in the sites where crashes are likely to occur. 

 Assisting the government directorates and agencies in their effort to 

integrate road safety into their transportation planning techniques and decision-

making process. 

 Reviewing the AASHTO’s Highway Safety Manual with particular 

attention to the predictive method that covers the safety of highway segments 

and intersections, the selection of safety countermeasures, and the expected 

results of implementing the selected countermeasures. 

 

1.7.     Organization of the Thesis 

Chapter 1 consists of an introduction to road safety, followed by the overview of 

vehicle crashes in Duhok city, traffic accidents in Duhok governorate and their 

percentage of Kurdistan Region and Iraq, the study objectives and significant. In 

Chapter two, the details of the literature review regarding transportation safety 

and the use of the Highway Safety Manual, as well as the safety countermeasures 

proposed for the study (for Roadway Segments and Intersections). Furthermore, 

the remaining chapters are presented in the following charts:  
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Literature Review 

2.1.    Overview 

Road safety is a key aspect of transportation engineering. It is critical for 

government entities responsible for road planning, construction, and maintenance. 

It is also significance for all motorists. Given that each country's economy is 

strongly reliant on a well-functioning transportation network, it's reasonable to 

think that road safety affects everyone. After all, an accident on the road affects 

not just the people involved, but also those who are impacted by unanticipated 

delays.  It is necessary to comprehend and be able to recognize the causes behind 

accidents, as well as to resolve potential causes. To accomplish so, the researchers 

have created crash prediction models based on historical crash data that may be 

used to anticipate the number of future crashes under present conditions and 

evaluate the role of physical characteristics in the accident [10].   

  The aim of this thesis is to evaluate the safety of highway segments and 

intersections, as well as to choose countermeasures that would increase safety that 

is based on site-specific factors. The Highway Safety Manual is a helpful resource 

for conducting such a safety study since it outlines a process for gathering the 

necessary data and instructs the user on how to analyze the data. Furthermore, the 

Highway Safety Manual assists engineers in making a quantitative assessment of 

how a countermeasure might effects the crash rate at an intersection and on a road 

segment by applying CMFs. To assist transportation engineering, information 

from the Highway Safety Manual and other safety literature evaluations has been 

gathered. 
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2.2.     Global Vehicle Crashes: Key Facts 

Roadside deaths and injuries are a major problem all around the world. The most 

complicated and risky mode of transportation is the road transportation. The 

World Bank, World Health Organization (WHO), Transportation Research 

Laboratory (TRL) and others have conducted major studies on road accidents and 

fatalities in recent years, as well as highlighting the growing importance of road 

accidents as a cause of death, particularly in developing and transitional countries 

[11]. In both transitional and developing countries, road crashes are one of the top 

causes of death, injury, and disability. According to estimates, 2 people are killed 

and 95 people are severely injured or permanently crippled in traffic accidents 

every minute around the world. Traffic-related deaths and injuries result in not 

only huge financial losses, but also severe physical and mental suffering. Road 

crashes have a considerably greater impact on developing countries than they do 

on transitional countries. According to (WHO) statistics, despite having only 32% 

of the world's motor vehicles, developing countries account for 75% of deaths due 

to road accidents. In low- and middle-income nations, the annual number of 

deaths per 10,000 automobiles ranges from 20 to 200, while in transitional 

countries, it ranges from 1.5 to 5. The global economic cost of traffic accidents is 

estimated to be $518 billion per year. The developing countries' portion is $100 

billion, ranging between 1% to 3% of their gross domestic product [12]. In 2016, 

Israel, Sweden, and the United Kingdom, had 4.2, 2.8, and 3.1 fatal accidents per 

100,000 people, respectively [13]. 

The following global essential facts on automobile crashes are provided by the 

(WHO) [13]:   

• Vehicle accidents claim the lives of almost 1.35 million people each year. This 

stands for an average of 3,287 deaths every day. 

• An additional 20 to 50 million people are injured or incapacitated each year. 

•  Adults aged from 15 to 44 account for more than half of all motor vehicle 

accidents.   
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• Accidents are currently the 9th leading cause of death in worldwide and account 

for 2.2% of all fatalities.  

• By 2030, road accidents are expected to be the fifth greatest cause of death 

worldwide unless preventative safety measures are introduced. 

• Vehicle flaws, environmental factors, and unknown causes account for less 

than 10% of all accidents. This means that user’s errors are the reason for more 

than 90% of all traffic accidents. 

2.3.     Overview of Vehicle Crashes in Iraqi Kurdistan Region 

The Kurdistan Regional Government manages the Kurdistan Region Iraqi (KRI), 

which is a North Autonomous Region in Iraq (KRG). Erbil (the capital), Duhok, 

Sulaymaniyah, and Halabja are the four governorates that make up KRI.  It has a 

population of about 5 million people, with roughly 2.0 million forcibly displaced 

individuals fleeing Syria and other parts of Iraq as a result of war violence 

[14][15]. The region is suffering a lot of issues, partly as a result of this large-

number of population movement. An increase in the number of traffic collisions 

has been one of the most significant challenges.  

In KRI, traffic accidents are the major cause of death. According to KRI's Ministry 

of Health, road accidents kill 3 individuals and injures 28 people every day. This 

means about 850 deaths and 10,000 injured annually. On KRI roads and in 

particular areas, the chance or risk of death or injury in an accident is substantially 

higher than in other areas [16]. 

According to official traffic data, around 60% of accidents were caused by 

speeding, with the rest being caused by irresponsible driving, violating road signs, 

and deteriorating roadways. Traffic police personnel issued traffic penalties to 

dissuade traffic offenses and dangerous driving practices, hence improving public 

safety on the road. In 2017, the number of tickets recorded in KRI increased by 

180,000 (13.6%), but the number of deaths reduced by 18.6%  However, 

compared with 2016, injuries increased by 26.7% [17]. These side effects show 
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that road safety is influenced by a variety of circumstances, and that issuing tickets 

alone will not solve the problem. Enforcement should be only one component of 

any safety improvement plan, which includes 4E namely (education, enforcement, 

engineering and emergency medical services). The importance of enforcement as 

a last resort to modify driver’s behavior demonstrates the necessity of motivation 

other than safety, as well as the failure of the driver’s education, training, and 

licensing process [18]. 

Over the previous decade, the number of registered vehicles in Iraqi Kurdistan 

has increased exponentially. The increase is continuing, resulting in more deaths 

annual on the roads. In 2014, the number of registered vehicles reached 1,250,000, 

increase by 10% compared to 2013. In 2013, there were 1,144 reported fatalities 

[19]. This number, however, is greatly under-reported; the true figure is likely to 

be 100 percent greater than the stated number [20], especially in countries when 

death records data are lacking. 

2.4.    Factors Contributing to Vehicle Crash Occurrence 

In general, there are a number of contributing causes to vehicle accidents, 

including the driver's behavior, road geometry flaws, higher traffic volumes, 

vehicle problems, and the environment. International studies have found that both 

behavioral factors related to driving errors, as well as non-behavioral elements 

such as road layout and traffic volumes, play a role in the occurrence of traffic 

crashes [21].   

The following are the key groups of risk factors that influence the traffic collision 

[21]: 

1. Roadway factors: access control, speed, cross section of roadway, traffic 

volumes and surface condition.   

2. Human Factors: Age, gender, aggressive driving, impaired, safety devices 

protection and driver Inattention. 
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3. Vehicle Factors: The design of a vehicle has a significant impact on road 

safety. In general, Newer automobiles have superior safety features and 

performance qualities than older vehicles, while larger vehicles provide better 

crash. 

4. Environmental Factors: Rain, Snow, Fog, Wind and Sun. 

To summarize, accidents can be caused by a variety of circumstances.   Research 

has shown varying proportions of accident contributors. However, the relative 

proportion of significant components is summarized in Figure (2-1), according to 

the HSM assessment [22]. For example, pure human factors proportion account 

for 57% of all accidents, with 27% shared with road factors, 6% shared with 

vehicle factors, and 3% shared with road and vehicle factors. The proportion of 

road-related factors that causes accidents is 34%, while the proportion of vehicle-

related factors that causes accidents is 13% [21]. 

 

Figure 2-1 Contributing factors to vehicle crashes [21] 

2.5.   Back ground history on the HSM and Crash Modification Factors 

CMFs 

A number of research papers on the calibration and validation of collision 

prediction models used in HSM have been published.  

On a two-lane rural undivided roadway in Virginia, Zeng, H., Fontaine, M., and 

Smith, B. (2014) evaluated the safety effectiveness of good road conditions versus 

poor road conditions. Using the EB approach, it was discovered that good 
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pavements can reduce fatal accidents and injuries (FI) by 26% on defective 

pavements. However, there is no statistically significant impact in overall 

collision frequency. The authors concluded that improving the state of a road from 

poor to good can result in a significant increase in safety by reducing the severity 

of incidents [23].   

Rijesh Karmacharya and Sunanda Dissanayake (2018) conducted research to 

determine if HSM prediction model can accurately anticipate crashes at 4-leg 

signalized intersection (4- leg) in urban and suburban areas of Kansas, as well as 

calculate the calibration factor. Accident data from 2013 to 2015 were used in the 

calibration process, which included a total of 198 4 leg signalized intersections. 

A calibration factor of 1.174 and 2.009 was calculated when deaths and injuries 

(FI) crashes were taken into account. The calibration factor in both cases was 

larger than 1.0; thus implying that the HSM prediction methodology 

undercounted the number of 4SG collisions in Kansas [24]. 

In recent years, efforts have been undertaken to address motorcycle safety 

concerns in horizontal curve segments with respect to accidents and injuries, as 

mentioned in two papers by Xin, C., Wang, Z., Lin, P.-S., Lee, C., Guo, R. (2017a, 

2017b). However, the majority of previous research focused on the safety impacts 

of horizontal curves on motorcycle incidents; just a few studies have been 

discovered to investigate the link between motorcycle accidents and curve design 

characteristics [25][26]. To be more precise, Schneider IV, W., Savolainen, P., 

Moore, D. (2010) created a negative binomial (NB) model for motorcycle 

accident frequency on Ohio's rural two-lane roadways. In their study, between 

2002 and 2008, 225 single-motorcycle incidents happened on 30,379 road 

sections. The authors discovered that a 1% increase in the radius of curvature 

would linearly reduce the average incidence of single motorcycle accidents by 

0.74 percent [27]. 

Uditha Galgamuwa and Sunanda Dissanayake (2017) investigated the safety 

effectiveness of common lane departure countermeasures such as 2-foot paved 

shoulders, centerline rumble strips, shoulder rumble strips & centerline rumble 
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strips on segments of rural two-lane undivided roads in Kansas using crash 

modification factors (CMFs).  Under the assumption of negative binomial error 

patterns and logistic regression models, cross-sectional and case-control 

approaches based on generalized linear regression were applied. With the 

exception of shoulder rumbling strips on curved road sections for all lane 

departure accidents, cross-sectional and case control methods showed all 

countermeasures studied in this study were effective in reducing all fatal and 

injured lane departure crashes and lane-departure accidents. Although both 

methods produced similar results, the cross-sectional method's resulted can be 

considered more accurate and dependable than the case-control method's [28].  

Runan Yang, Zhenyu Wang, Pei-Sung Lin, Xiaopeng Li, Yu Chen, Ping P. Hsu, 

and Alex Henry (2019) investigated the link between illumination photometric 

properties and the risk of an accident on road sections at night. For the years 2012-

2014, the research team collected data on the horizontal illumination of 440 road 

sections in Florida between two signalized crossings, which was consistent with 

four years of night and day accident data (2011-2014). In both night and day 

models, the coefficients of horizontal illuminance standard deviation were notably 

positive and distributed regularly. An increase in the average horizontal 

illuminance, indicating an improvement in the average illuminance, tended to 

reduce the risk of a nighttime collision; an increase in the standard deviation, poor 

lighting uniformity on a road segment was more likely to increase the risk of a 

nighttime collision. The standard deviation showed a performance better than 

traditional ratios in determining the homogeneity of illumination on a road 

segments (max-min and average-min) [29]. 

Chunfu Xin, Zhenyu Wang, Chanyoung Lee, Pei-Sung Lin, Tao Chen, Rui Guo, 

and Qing Lu’s (2019) study aimed to quantify the effect of horizontal curve type 

and radius on the risk of single motorcycle accident with an associated case-

control study, which could address the issues associated with low sample mean, 

aggregation bias, and uncontrolled confounding factors that existed in traditional 
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cross-sectional studies.  Over the 11 years (2005-2015), 1,601 cases and 16,010 

matched controls were identified as matched strata. The researchers utilized a 

conditional logistic model, and the results revealed the interaction effects of curve 

type and radius on the incidence of single motorcycle accidents. Sharp non-

inverted curves (radius ≤ 1500 ft) were shown to be the most dangerous for 

motorcycle riders, followed by steep inverted curves and moderate inverted 

curves (1500 ft < radius ≤ 3000 ft). According to the study, it also found out that 

motorcyclists could adopt safety compensation behaviors in steep curves, tight 

shoulders and poor road conditions. Engineering and education countermeasures 

were proposed to understand the presence of curves and the related level of risk, 

minimize speed of entry into curves, and enhance safety awareness [30]. 

2.6.    Crash Modification Factors (CMFs) 

Research studies and program evaluations (e.g., before/after studies and cross-

sectional studies) have been used to design CMF. They may be used to compare 

safety conditions with or without particular treatment, or safety of different 

countermeasures or treatments. In general, a CMF is calculated as the ratio of the 

predicted number of accidents with a countermeasure to the predicted number of 

accidents without a countermeasure under identical conditions [22].  

CMFs greater than 1.0 indicate an increase in the number of crashes and those 

less than 1.0 indicate a reduction in crashes can be expected. 

In many cases, multiple treatments are used at the same time. CMF is supposed 

to be multiplicative (combined CMF = CMF1 x CMF2 x CMF3 x...x CMFi), 

which means that to calculate a combined CMF, you just multiply them by each 

other. It's vital to remember that CMF multiplied together is based on the 

assumption that each CMF's effects are independent. When more than one 

treatment is needed to reduce the same type of accident, the combined effect of 

numerous treatments can be exaggerated (e.g., widening lanes, widening 

shoulders). Engineering judgment should be utilized to analyze the 
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interrelationships and/or independence of the individual countermeasures when 

utilizing CMF to estimate the effectiveness of several countermeasures, especially 

if more than three CMF are considered [22]. 

CMF is the ratio of the estimated average frequency of the site in two different 

conditions.    

Equation (2.2)) shows the calculation of an CMF for the change in estimated 

average crash frequency from site condition ‘a’ to site condition ‘b’ [22] 

CMF = 
𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑟𝑎𝑠ℎ 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑤𝑖𝑡ℎ 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛   ‘b’

𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑟𝑎𝑠ℎ 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑤𝑖𝑡ℎ 𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛 ‘𝑎
 …………Eq. (2.2) 

CMF is an estimate of the effectiveness of implementing a specific treatment, also 

known as a countermeasure, intervention, action or alternative design.   

The relationship between a CMF and the expected percent change in crash 

frequency is shown in Equation (2.3) [22]. 

Percent Reduction in Crashes = 100% × (1.00 - CMF) ………… Eq. (2.3) 

The most essential sources of CMF national values for transportation engineers 

are the FHWA's CMF Clearinghouse and Highway Safety Manual. The ability to 

provide an accurate quantitative assessment of collision reduction potential is a 

relatively new concept, as such, the availability and accuracy of all types of 

countermeasures are limited. For a countermeasure to be included in the Highway 

Safety Manual or CMF Clearinghouse, the quality of the countermeasure must be 

assured through the study design, sample size, standard error, possible bias and 

data source. Although CMFs are not yet available for all countermeasures, future 

editions of the Highway Safety Manual will most likely include more information 

to fill the vacancies as data becomes available [31]. 

The segments and intersection related CMFs in the HSM predictive method are 

obtained from the appropriate formulae and tables provided in appendix A, and a 

combined CMF is calculated by multiplying all CMFs together, then this should 

be multiplied by the predicted crashes obtained from both the multiple- vehicle 
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and single vehicle crashes to obtain the expected crashes. After the expected 

number of crashes is determined, it should be compared to the observed crashes 

at the site. If the number of observed crashes is lower than the expected crashes 

(by at least 10% as a threshold of the HSM), then it would be concluded that the 

safety condition at the segment or intersection is good and no safety improvement 

is necessary. However, if the number of observed crashes is higher than the 

expected crashes (by at least 10%), then it would be concluded that the safety 

condition at segment or intersection is critical and there is a need for safety 

improvement. The final stage would be the suggestion of safety countermeasures 

which are provided in CMFs clearinghouse website [32].  

2.7.     Calibration Factors (CFs)  

  

The HSM predictive model was developed using data from multiple places in the 

United States. The HSM predictive model, however, is typically utilized in a local 

setting.  Overall conditions, such as winter weather and motorist behavior, might 

differ significantly from one state to the other state.  As a result, the HSM 

prediction model includes a calibration factor that jurisdictions can use to adjust 

the predicted value to match actual crash rates observed. The full predictive 

model, including calibration, is shown in Equation (2.4) [32]:   

Npred = Nspf * C* CMF1 *CMF2 *…*CMFi     …………………. Eq. (2.4) 

Npred = predicted number of crashes, 

Nspf = number of predicted crashes determined for base conditions, 

C = calibration factor, and 

CMFi = crash modification factor. 

The calibration factor is found out by dividing the actual number of crashes by 

the predicted number of crashes as shown in Equation (2.5) [32] .   
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C = 
𝑁𝑎𝑐𝑡𝑢𝑎𝑙

𝑁𝑝𝑟𝑒𝑑
   …………………….. Eq. (2.5) 

Where 

C = calibration factor,   

𝑁𝑎𝑐𝑡𝑢𝑎𝑙 = actual number of crashes, and 

𝑁𝑝𝑟𝑒𝑑 = predicted number of crashes. 

A calibration factor greater than 1 indicates that the roadway segments within the 

set experience more crashes, on average, than the roadways that were used in 

developing the SPFs [32].  Conversely, a factor less than 1 indicates fewer 

crashes, on average, than the roadways used in developing the SPFs.   

In Duhok city the value of CF = 1.0, because there is no local calibration factor 

that can be used for Duhok city. So the HSM state that CF should assume to 1.0 

if the local CF does not exist. 

In order to develop a local CF for any area, such as Duhok city, new SPF should 

be created by regression models (i.e negative binomial models) and then the local 

CF could be derived from the new SPFs. This require a lot of data and extensive 

research work. 

2.8.      Safety Performance Functions 

the appropriate safety performance functions (SPFs) are used to predict crash 

frequencies for specific base conditions. SPFs are regression models for 

estimating the predicted average crash frequency of individual roadway segments 

or intersections. Each SPF in the predictive method was developed with observed 

crash data for a set of similar sites. The SPFs, like all regression models, estimates 

the value of a dependent variable as a function of a set of independent variables. 

In the SPFs developed for the HSM, the dependent variable estimated is the 

predicted average crash frequency for a roadway segment or intersection under 
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base conditions, and the independent variables are the AADTs of the roadway 

segment or intersection legs (and, for roadway segments, the length of the 

roadway segment).  

The predicted crash frequencies for base conditions obtained with the SPFs are 

used in the predictive models. Each SPF also has an associated over dispersion 

parameter, k. The over dispersion parameter provides an indication of the 

statistical reliability of the SPF. The closer the over dispersion parameter is to 

zero, the more statistically reliable the SPF. This parameter is used in the EB 

Method. 

The effect of traffic volume on predicted crash frequency is incorporated through 

the SPFs, while the effects of geometric design and traffic control features are 

incorporated through the CMFs. SPFs are provided for multiple-vehicle non 

driveway collisions and single-vehicle crashes. Adjustment factors are provided 

for multi-vehicle driveway-related, vehicle-pedestrian, and vehicle-bicycle 

collisions. 

The equations used to determine the SPFs for different collision types for roadway 

segments and intersections are illustrated in chapter three (Methodology). 

2.9.     Crash Reduction Factors (CRFs)  

The concept of CRF has been expanded to the more general concept of CMF in 

recent years. This extension represents the fact that a change in geometry, traffic 

control device, or signalization might cause an increase or a decrease in crashes 

[33].   

The crash reduction factor is a constant that represents the proportion of crashes 

that are reduced as a result of improved safety along a specific road segment or 

intersection. Within this range, larger CRFs indicate a greater reduction in 

accidents as a result of the improvement. As reported by Shen, J., A. Rodriguez, 

A. Gan, and P. Brady (2004)  about 80% of U.S. state transportation departments 
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use CRFs to help determine the safety improvements for locations with above-

average crash designs [34]. CRFs have usually been defined in the literature as 

follows: 

CRF = 1- 
𝑁𝑤

𝑁𝑤/𝑜
  ………………….. Eq. (2.6) 

Where 

CRF = crash reduction factor associated with specific improvement; 

𝑁𝑤  = expected number of crashes with improvement (crashes/ year); and 

𝑁𝑤/𝑜 = expected number of crashes without improvement (crashes/year). 

2.10.    Safety Countermeasures for Roadway Segments and Intersections  

  

Safety countermeasure is a measure taken against a danger or threat. A safety 

countermeasure is a measure designed to counteract a safety threat in the context 

of safety. Prioritizing several countermeasures could be accomplished by 

qualitatively evaluating each prospective countermeasure in respect to or against 

a set of community-relevant criteria. Many other factors, in addition to the 

project's cost, can influence the relevance of a counter-measure to a certain 

location, these factors include [31]: 

 Public demand for improvements; 

 Available right of way; 

 Environmental considerations; 

 Possible positive or negative reaction of community to the countermeasure; 

 The existence of community approved mobility or accessibility plans   in 

the corridor; 

 Road user needs; 

 The community’s transportation vision; 

 Anticipated safety benefits; 

 Design concerns; and 

 Funding limitations. 
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The FHWA CMF Clearinghouse is an example of a tool that can help 

transportation experts in assessing the effectiveness of countermeasures. It is a 

website that has a searchable database of CMF. Users can perform research based 

on the countermeasure, the type and severity of the accident, and other 

characteristics [31].  

Safety countermeasures are the best solutions for improving the safety conditions 

at intersections and streets. Each countermeasure has an accompanying crash 

modification factor (CMF) that represents the effectiveness of implementing the 

countermeasure at the site. Safety countermeasures are selected from the CMF 

clearinghouse website based on the cost-effective approaches, the applicability of 

using the countermeasure, the number of quality stars of the accompanying CMFs, 

engineering judgment and expertise. There are many safety countermeasures 

available at the website for improving the safety of intersections and streets, but 

the cost of implementing the countermeasure is a major factor that should be 

considered on selecting a specified countermeasure. Low cost countermeasures 

should often be prioritized for selection due to the limited financial resources and 

budgets. The applicability of the countermeasure should be considered.    

Selecting and implementing several countermeasures might be more effective 

than just one. However, it is unlikely that the full effect of each countermeasure 

would be realized when they are implemented concurrently. The combined CMF 

is determined by multiplying all CMFs together, which would produce 

overlapping in the results [31]. 
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2.10.1.    Safety Countermeasures for Roadway Segments 

After a careful search at the CMF clearinghouse website, and considering all 

selection factors, the following countermeasures have been selected as shown for 

segments: 

 

1.   Installing automated section speed enforcement system 

Speeding is one of the most important contributing factors to fatal accidents. As 

such, most road agencies try to reach the right operating speed among drivers by 

imposing speed limits. Unlike traditional speedometers, ASSES calculates the 

average speed over a long distance [35]. The ASSES was created to instill this 

compliance avoidance behavior over a long distance (i e., ensure drivers maintain 

lower speeds on the section to avoid enforcement) and induce synchronicity in 

speed between vehicles on the roadway. The ASSES uses a pair of cameras 

installed on both ends of a section [36]. The CMF for this countermeasure is equal 

to 0.69 for all crash types and all severity levels, and CRF is 31%. This safety 

countermeasure is referenced at the CMF clearinghouse website [35]. The CMF 

rating is 4 stars, which is very good ranking. Figure (2-2) illustrates the automated 

section speed enforcement system. 

 
Figure 2-2 : Illustration of Section Speed Enforcement System [36]. 
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2.  Increasing lane width  

Many accident-related research had been undertaken all over the world to try 

assess the magnitude of lane and shoulder width effects on accident risk levels. 

Zegeer and colleagues examined single-vehicle and head-on accident rates on 

rural two-lane roads with low traffic volume. They discovered that on roads with 

lane widths >3.0 m and wider shoulders, the related accident rates were lower than 

on roads with the same lane widths but narrower shoulders. On this bases, Wider 

lanes and shoulders should be safer because they allow more space for avoiding 

potential collisions [37]. The CMF is 0.72 (for all crash types and all severity 

levels within urban area), and CRF equal 28%. This safety countermeasure is 

referenced at the CMF clearinghouse website  [38]. The CMF rating is 4 stars, 

which is very good ranking. 

3.  Implementing automated speed enforcement cameras   

In some jurisdictions, automated enforcement is employed to prevent red-light 

running and speeding above the speed limit in order to improve road safety for all 

road users, particularly the most vulnerable (school-aged children, older adults, 

people on bicycles and motorcyclists)[39]. 

The FHWA Red-Light Camera Systems Operational Guidelines[40][41] provide 

information on the red light camera program's expenses, efficiency, 

implementation, other obstacles and issues. The National Highway Traffic Safety 

Administration (NHTSA) and the National Cooperative Highway Safety Program 

(NCHRP) have released automated enforcement programs and operational guides 

that provide information on identifying problems, establishing and maintaining 

an effective and transparent community-supported law enforcement program 

using speed or red light cameras. [42][43]. Figure (2-3) illustrates the automated 

speed enforcement camera.  CMF equal 0.46 for all crash type and all severity 
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level and the star quality is 4 star, CRF is 54%. This safety countermeasure is 

referenced at [41]. The CMF rating is 4 stars, which is very good ranking. 

 

 

 

 

 

 

 

Figure 2-3 : Automated Speed Enforcement Camera [39] 

4.  Reducing the number of access points (driveways)   

Despite the fact that access points are an important aspect of the road's function, 

there are some circumstances in which access density becomes a road safety 

hazard. These access points may need to be replaced by a single access point for 

these sites. This reduces the amount of events to which a driver must react while 

driving along the road. It also offers the ability to control vehicle movement 

through the use of turning lanes and traffic signal. The alternative options are to 

construct either a service road at each side of the segment to connect the 

driveways or an access lane combining driveways for several properties at each 

side of the segment [44]. The CMF for this countermeasure is 0.56, and CRF is 

44%. This safety countermeasure is referenced at the CMF clearinghouse website 

[44]. The CMF rating is 3 stars, which is very good ranking. 

5. Installing Crash Cushions at Fixed Roadside Features   

Crash cushions are used to reduce the intensity of a fixed, narrow object's impact. 

This is usually accomplished by reducing the vehicle's kinetic energy and 

eventually its speed to a safe deceleration rate by energy absorption. Crash 

cushions are ideal for stationary objects that can't be moved, or protected by 
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longitudinal barriers [45]. The necessity for a cushion is determined in part by the 

clear zone area distance, which is the lowest distance at which a stationary object 

can be placed while still leaving adequate recovery area for the driver to avoid it. 

[46] (figure 2-4). The CMF equal 0.31 for this countermeasure, and CRF is 69%. 

This safety countermeasure is referenced at [22]. The CMF rating is 3 stars, which 

is very good ranking.   

 

Figure 2-4 : Crash Cushion Placement on Divided Highway [46] 

6.  Installing a combination of chevron signs, curve warning signs, and/or 

sequential flashing beacons   

Curve warning signs have the ability to significantly minimize horizontal curve 

crashes caused by speed, as well as prevent/mitigate Head-On and Cross-Median 

Crashes and Roadway Departure Crashes. Curve warning systems use flashing 

Blinker Chevron indicators to alert drivers and lead them safely throughout the 

length of the curve. These systems, which are made up of wireless LED panels, 

are designed to fit the contours of any curve [47]. Figure (2-5) show The Blinker 

Chevron sequential flash pattern delivering a pull-through effect [47]. The CMF 

is 0.477 for the countermeasure, and CRF is 52.3%. This safety countermeasure 

is referenced at [48]. The CMF rating is 4 stars, which is very good ranking. 
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Figure 2-5: The Blinker Chevron Sequential Flash Pattern Delivers a Pull-Through Effect [47] 

7-   Installing variable speed limit signs   

Variable Speed Limit (VSL) systems use data on traffic speed, occupancy, volume 

sensing, weather conditions, and road surface condition to determine optimal 

speeds for vehicles to travel while taking current road and traffic conditions into 

account. In less-than-ideal conditions, including as congested traffic and bad 

weather, the usage of VSL can improve safety by lowering the hazards of 

traveling at greater speeds than are reasonable for the conditions and minimizing 

the speed difference between vehicles. Furthermore, VSL can be utilized to 

dynamically adjust speeds during both scheduled and unanticipated occurrences 

(such as rush hour traffic jam) (incidents) [49]. The CMF is 0.92, and CRF equal 

8%. This safety countermeasure is referenced at [50]. The CMF rating is 3 stars, 

which is a good ranking. 

8-   Installing in-lane curve warning pavement markings   

Affixed to road marking machine, road surface marking refers to any type of 

device or material used on a roadway for the transmission of official information. 

On paved roads, road surface markings are used to provide advice and information 

to vehicles and pedestrians. Today, road markings are utilized to convey a variety 

of information to drivers, including navigation, safety, and law enforcement, 

resulting in their use in understanding the road environment. The laws controlling 

parking and stopping may also be shown by the markings on the road surface [51]. 
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Figure (2-6)  illustrates road surface marking [51].  The CMF is 0.616, and CRF 

is 38.4%. This safety countermeasure is referenced at [52]. The CMF rating is 4 

stars, which is a very good ranking. 

 

 

 

 

 

 

 

 

Figure 2-6: Variety of Road Surface Marking [51] 

 9.       Install oversized chevron signs   

When the horizontal alignment of the road changes, Chevron alignment signs 

provide further guidance to drivers. When the difference between the curve's 

safety speed and the design speed is (22 mph) or higher, Chevron alignment 

panels should be installed. If the speed differential is less than (22 mph) and the 

crash history shows an off-road pattern, head-on crashes, or truck rollover 

collisions, Chevron alignment markers may be considered. According to a 

technical evaluation, an additional curve warning is needed to make the curve 

more visible to incoming vehicles where the curve is sharp and adherence to the 

driver's suggested speed limit is low [53] (figure 2-7). The CMF is 0.946 for this 

countermeasure, and CRF equal to 5.4%. This safety countermeasure is 

referenced at [52]. The CMF rating is 4 stars, which is a very good ranking. 
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Figure 2-7:  Recommend Chevron Placement for Single and Multilane Approaches [53]  

10.  Installing high friction surface treatment (HFST)        

High friction surface treatments (HFST) are pavement treatments that reduce 

accidents, injuries, and fatalities caused by friction concerns dramatically and 

immediately [54], such as: 

  Reduced pavement friction under wet conditions, and/or 

 A high demand for friction caused by vehicle speed and/or pavement 

geometry. 

According to a report produced by the Federal Highway Administration, the 

HFST is expected to reduce wet accidents by 83 percent and total accidents by 57 

percent [54]. Within the FHWA framework, other collision reduction studies are 

being conducted. Kentucky has gone on to install and measure 25 more HFST 

applications, and after a year, these sites showed a 69% reduction in crashes [54]. 

The CMF for the countermeasure is 0.212, and the CRF is 78.8%. This safety 

countermeasure is referenced at  [55]. The CMF rating is 5 stars, which is very 

good ranking. 
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11.      Upgrading existing markings to wet-reflective pavement markings   

Some pavement markings with raised retroreflective pavement markings are 

designed by transportation organizations and agencies to help with visibility in 

wet weather conditions. Wet weather markings are distinguished from standard 

marks by the presence of specialized retro-reflective lenses and/or vertical or 

contoured structures that provide instantaneous drainage [56]. Visibility of wet-

weather markings (structured markings) during the nighttime in dry and rainy 

conditions can be illustrated in figure (2-8). During the wet night situation, the 

difference in visibility between structured markings (represented by numbers 1 

and 3) and standard markings (indicated by numbers 2 and 4) is visible, but not 

during the dry night state. Marking 1 is a rumble strip and marking 3 is a profile 

marking. Markings 2 and 4 are standard flat markings (figure 2-9) [56]. CMF is 

0.595, CRF equal to 40.5%. This safety countermeasure is referenced at [57]. The 

CMF rating is 4 stars, which is a very good ranking.    

Figure 2-8: Examples of wet-weather markings for Flat marking with wet reflective and structural markings [56] 

 

Figure 2-9 :Visibility of wet-weather markings and conventional markings for  Dry condition and Wet condition 

[56] 
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12.       Installing an automated section speed enforcement system on curves   

An automated system determines the average speed over a long distance (at least 

0.31 mile and up to several miles).  Average speed checks are thought to be one 

of the ways that achieve a near-perfect probability of being caught when speeding 

[58]. The number of injuries on these parts has been halved, and plans have been 

made for further expansion of the system [59]. Stefan (2006) evaluated the usage 

of average speed control on an 50 mph section of highway crossing a tunnel in 

Austria [60]. After two years of operation, the author found that average speed 

control reduced accidents with injuries by 33.3 percent and fatal and serious 

injuries by 48.8%. It is tested on 3 routes in Norway [61]. The CMF for this 

countermeasure is 0.57, and the CRF is 43%. This safety countermeasure is 

referenced at [35]. The CMF rating is 4 stars, which is a very good ranking. Figure 

(2-10) illustrate the system. 

 

Figure 2-10: Operation of automated Safety Tutor system [62]. 

13.      Resurfacing pavement   

According to the National Highway Traffic Safety Administration [63], the 

geometry and technical qualities of the pavement contribute for 16 percent of road 

accidents, whereas vehicle-related factors account for 7% of motor vehicle 

accidents. According to agent, enhancing the road's condition may improve the 

road's overall safety [64][65]. Juneyoung (2017) evaluated the effects of 

pavement resurfacing projects on safety for various level of gravity and traffic 

data across various time frames. Estimated CMF results for various types of 
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accidents showed that resurfacing projects reduced overall accident frequency and 

made it safer to reduce serious accidents [66]. The CMF for the countermeasure 

is 0.766, and the CRF is 23.4%. This safety countermeasure is referenced at [66]. 

The CMF rating is 4 stars, which is a very good ranking. 

14.       Lower posted speed limit from 32 mph to 25 mph   

The posted speed limits are sometimes dropped below engineering requirements 

for several reasons such as the existence of school zones, citizen requests, political 

pressures, and perceived safety hazards. In six residential neighborhoods in 

Edmonton, Alberta, Canada, posted speed restrictions have been reduced from 50 

km/h (30 mph) to 40 km/h (25 mph). Before-and-after studies showed that the 

average speed decreased by about 3.5 to 5.3 km/h (2.1 to 3.2 mph), depending on 

the type of vehicle, and the type of road [67][68][69]. Furthermore, reducing 

posted speed limit showed that total severe, and property damage only crashes 

also decreased [70][71]. The CMF for the countermeasure is 0.501, and CRF is 

49.9%. This safety countermeasure is referenced at the CMF clearinghouse 

website [70]. The CMF rating is 4 stars, which is a very good ranking. 

15.      Fifteen percent reduction in mean speed    

It has been proved that the faster vehicles travel, the more serious accidents are 

and represented by increased risk of accident, increased severity and fatality rate. 

In this context, a meta-analysis from 2013 was used in conjunction with five more 

recent research to analyze the influence of speed limit reductions on road safety. 

Speed limit reductions were proven to have a positive influence on road safety 

[72]. The CMF for the countermeasure is 0.78, and the CRF = 22%. This safety 

countermeasure is referenced at [73]. The CMF rating is 3 stars, which is good 

ranking. 
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16.  Installing distance markers on roadway segments 

Pavement marking provides significant information to road users. Markings are 

sometimes used in conjunction with other traffic control devices such as traffic 

signals. In other situations, such as restricted areas, markings can be used alone 

to communicate regulations, instructions, or warnings more effectively than other 

devices (no passing zone). Pavement markings used consistently across the state 

improve roadway safety and effectiveness [74]. The CMF for the countermeasure 

is 0.44, and the CRF is 56%. This safety countermeasure is referenced at  [75]. 

The CMF rating is 3 stars, which is a good ranking. 

17.   Installing lighting 

Street illumination has been proposed as a low-cost solution that can help prevent 

traffic collisions. Drivers' vision and ability to notice road hazards can both benefit 

from street lighting [76]. It is common knowledge that street lighting provides 

major safety benefits. When lighting is increased, there is a 30 percent or more 

reduction in accidents, according to before and after studies conducted abroad 

[74]. When illumination is poor, a 35 percent reduction in accidents results in 

better lighting, according to the NZTA Economic Evaluation Manual (EEM) [77]. 

According to the findings of a study by George (2013), nighttime lighting has a 

significant potential to improve road safety and lower the severity of accidents, 

particularly those that killed or serious injury [78]. The CMF for the 

countermeasure is 0.68, and the CRF equal 32%. This safety countermeasure is 

referenced at  [79]. The CMF rating is 4 stars, which is a very good ranking. 
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2.10.2.   Safety Countermeasure for Roadway Intersections 

After a careful search at the CMF clearinghouse website, and considering all 

selection factors, the following countermeasures are selected for intersections: 

1. Coordinating the Traffic Signals of the Intersections along the Major 

Road   

Traffic light coordination is a method of synchronizing groups of traffic lights 

along arteries to ensure smooth movement of traffic at the posted speed limit with 

minimal stops in a comfortable manner improved mobility and access, reduced 

vehicular crashes and increased control of travel speeds [80][81]. It is applied onto 

arteries with tightly spaced intersections. Improving the timing of traffic signals 

and the use of traffic signal coordination are two of the most important strategies 

to reduce delays, travel time and queue length in urban areas [82][83].  The safety 

impact of traffic signal coordination in urban areas shows that traffic signal 

coordination could decrease total crashes by 21%, injury crashes by 52 % and 

property-damage-only crashes by 21% [84]. The CMF and CRF for this 

countermeasure are 0.79 and 21% respectively. This safety countermeasure is 

referenced at [80]. The CMF rating is 3 stars, which is a very good ranking. 

2.    Widening the Lane of the Major Approach by 1 ft (0.30 m) at both sides 

Lane width has an impact on safety, especially in certain high-traffic areas. By 

giving drivers additional space to bypass the turn without entering the opposite 

lane, lane widening can reduce the risk of a head-on collision. Likewise, widening 

roads can also increase safety, especially for heavier vehicles. Sideswipe crashes 

can be reduced by widening traffic lanes on straight sections of multi-lane 

highways [85][86]. CMF is 0.88 (for all crash severity levels and all crash types 

within urban areas), CRF equal 12%. This safety countermeasure is referenced at 

the CMF clearinghouse website [87]. The CMF rating is 4 star which is a good 

ranking. 
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3.       Installing Raised Pavement Markers   

The use of raised pavement marker makes the intersection safer by reflecting car 

headlights and alerting drivers when they leave a lane. Each device has a 

reflecting surface that allows drivers to view it remotely, even at night or while 

raining. A few other names for specific types of elevated pavement markings 

include convex vibration lines, Botts points, delineators, cat eye road poles, or 

road turtles [88][89][90]. The CMF for the countermeasure is 0.90, and CRF equal 

10%. This safety countermeasure is referenced [91]. The CMF rating is 4 star 

which is a good ranking. 

4.       Convert a T intersection into a continuous green T intersection   

The Continuous Green-T intersection (CGT) can only be used at T-intersections. 

Using free-flow right turn lanes on arterial and cross streets, as well as 

acceleration/merge lanes for left turn movements from the cross street, the design 

provides free-flow operations in one direction over the artery, potentially reducing 

the number of approach motions that must stop at three phases.  Figures (2-11) 

and (2-12) show the configuration and traffic movement at CGT. According to a 

report by the Federal Highway Administration (FHWA), many states have 

converted these intersections from conventional fully signaled to CGTs to 

improve safety [92]. 

According to the research, angled, injurious, and overall collisions have all been 

reduced by 96.8%, 70%, and 60%, respectively, following the implementation of 

the CGT. The CMF is equal to 0.92, and CRF is 8%. This safety countermeasure 

is referenced [93]. The CMF rating is 4 stars, which is a very good ranking. 
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Figure 2-11: configuration of the CGT and traffic movement at the minor approach of the CGT [92] 

 

Figure 2-12: traffic movement of major approach at the CGT [92] 

5.   Increasing All Red Clearance Interval  

The purpose of an entirely red clearance interval is to give more time to drivers 

already in the intersection to clear the intersection on the red indication before 

confrontational traffic flows are released [94]. In general, the length of the all red 

clearance gap is 0.5 to 3.0 seconds. In a research comparing red light violations 

at intersections in Detroit, Michigan, well-designed yellow and red intervals were 

introduced or added to intersection with no red intervals [95]. With an all red 

clearing interval, there were fewer signal accidents. At treated intersections, there 

was also a decrease in accidents involving right-angle injuries [95]. The CMF 

equal to 0.798, and CRF is 20.2%. This safety countermeasure is referenced [96]. 

The CMF rating is 4 stars, which is a very good ranking.   
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6.     Increasing Yellow Change Interval  

The yellow change interval is the time it takes for a yellow light to appear after a 

green one at a signalized intersection. The yellow light indicates that the green 

signal has finished and that a red signal will follow soon [97]. Because red light 

operation is the leading cause of serious accidents at signalized junctions, the 

yellow change interval must be appropriately synchronized [97]. By changing and 

upgrading their policies and processes regarding the yellow change interval, 

transportation organizations can improve the safety of signalized intersections and 

minimize the frequency of red lights. The CMF for the countermeasure is 0.934, 

and CRF equal to 6.6%. This safety countermeasure is referenced at the CMF 

clearinghouse website [96]. The CMF rating is 4 star which is a good ranking. 

7.   Implementing systemic signing and visibility improvements at signalized 

intersections   

The major serious accident at signalized intersections is a right-angle accident 

where a vehicle violates the red signal. Accidents from the rear end occur with a 

much higher frequency than the accidents involving left and reverse cornering 

collisions and pedestrian accidents. The CMF for the countermeasure is 0.732, 

and CRF is 26.8%. Low-cost counter measures for signalized intersections to 

improve systemic signing and visibility are follows [98]:   

 LED Signal Sections.   

 Signal Back plates.   

 Static Regulatory Signs for Traffic Signals.    

 Fiber Optic, Overhead Regulatory Signs for Traffic Signals.     

 Internally Illuminated, Overhead Regulatory Signs.   

 Activated Internally Illuminated Warning Signs.    

This safety countermeasure is referenced at [99]. The CMF rating is 4 stars, which 

is a very good ranking.   
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8.   Installation of an actuated advance warning dilemma zone protection 

system at high-speed signalized intersections   

Advanced Dilemma-Zone Detection is a system that improves safety at signalized 

intersections by modifying the calibration of traffic control signals and reducing 

the number of vehicles that may have difficulty deciding whether to stop or 

proceed during a yellow phase. This is accomplished by adjusting the start time 

of the yellow signaling phase earlier or later based on the vehicle's location and 

speed. This can reduce rear-end collisions caused by unsafe stops and corner 

crashes caused by illegally continuing through the intersection during the red 

phase, lowering the frequency of red-light violations and the frequency of delays 

and pauses on major roads [100]. The CMF and CRF are equal to 0.564 and 

43.6%. respectively. Figures (2-13) and (2-14) show the advanced Dilemma Zone 

Detection System. This safety countermeasure is referenced at [101]. The CMF 

rating is 3 stars, which is a very good ranking. 

 

 

 

 

 

 

 

 

Figure 2-13: Dilemma Zone Boundaries on a Typical Intersection Approach [102] 
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 Figure 2-14: The Advanced Dilemma-Zone Detection system components applied in TXDOT detection control 

system [100] 

 

9.      Marking Pavement with Additional Warning Signs 

Pavement markings include shapes and symbols to guides for turning, crosswalk 

locations, and warnings of potential hazards and to indicate lane boundaries. 

Pavement markings work in tandem with traffic signs and signals to provide 

drivers with a clear picture of the intersection's characteristics. They can improve 

safety by lowering the risk of a collision. Figure (2-15) shows an example of 

pavement markings [103]. The CMF is 0.94, and CRF equal to 6%. This safety 

countermeasure is referenced at [103] . The CMF rating is 4 stars, which is a very 

good ranking. 

 

Figure 2-15:  Intersection pavement markings [103] 
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10.     Installing Automated Speed Camera at Signalized Intersection to 

Monitor the Speed Violation   

Automated speed cameras are similar in concept to automated red light cameras. 

However, instead of monitoring red light violations, speed cameras monitor traffic 

speeds to enforce the speed limit. Both styles can be used to increase safety at 

intersections. The CMF is 0.76, as well as CRF is 24%. This safety 

countermeasure is referenced [104]. The CMF rating is 3 stars. 

11.   Converting Intersection to Restricted Crossing U-turn (RCUT) 

Intersection    

A U-turn restricted crossing, or RCUT, is an intersection design that prohibits left 

turns into an intersection to improve overall road safety and reduce delays while 

allowing downstream travel through U-turn. The Basic RCUT limits or restricts 

incoming and outgoing side streets to right turn movements only. The restricted 

crossing U turn lowers conflict points reduces crash rates by roughly 30% and 

crash severity by up to 50%. It also increases capacity and reduces delays in some 

circumstances [105]. Figure (2-16) illustrate the restricted crossing U-turn 

(RCUT) intersection. The CMF and CRF for the countermeasure are 0.42 and 

58% respectively. This safety countermeasure is referenced at [106]. The CMF 

rating is 4 stars, which is a very good ranking.    

 

 
Figure 2-16:  Restricted Crossing U-Turn Intersection [105] 
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12.       Add 3-inch yellow retroreflective sheeting to signal back plates   

The purpose of traffic signal back plates with retro-reflective is to improve the 

visibility and conspicuity of traffic signals at all times of the day and night, 

especially at night. They have been also added to help older and visually impaired 

drivers see traffic lights better (figure 2-17) [107]. FHWA cited treatment as a 

best practice for "aging drivers [108] and one of their nine proven safety 

countermeasures [109]. Processing or treatment has also been added as an option 

in the 2009 Manual on Uniform Controls Devices (MUTCD) [110].   

In a paper published by Sayed (2005) explains the results of a study testing the 

use of 75mm-wide retroreflective tape on back plates at 17 signalized 

intersections. The results revealed that the total number of insurance applications 

modelled had reduced by around 15%. This 15% reduction in all types of crashing 

has become the basis of the 0.85 Crashing Modification Factor (CMF) as quoted 

in the CMF Clearinghouse, and is mentioned or referenced by a number of 

agencies and suppliers with respect to the effectiveness of adding retro-reflective 

boundaries to signals [111]. The CMF equal to 0.85 and CRF is 15%. This safety 

countermeasure is referenced at  [111]. The CMF rating is 4 stars, which is a very 

good ranking. 

 

Figure  2-17: Retroreflective borders on back plates can provide a visual benefit during nighttime conditions 

[107] 
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13.       Installing adaptive traffic signal control   

The Adaptive Traffic Control System is a strategically designed system that 

operates similarly to the traffic situation on the ground. These adaptive traffic 

management systems/traffic signal controllers aim to solve the problem of traffic 

congestion by varying the duration of individual signals in real time. It's equipped 

with microprocessors in integrated configurations to improve the pace of traffic 

control and release [112]. The system is intelligent in that it can devise a rapid 

urban traffic management strategy (figure 2-18). This new mechanism reduces 

vehicle tension and helps to avoid collisions. Simply explained, the adaptive 

system makes more space for traffic to flow smoothly (figure 2-19). The 

automated traffic system would reduce traffic congestion and improve driving 

safety. In addition, the new traffic system would maintain control over traffic 

violations.  It is able to follow red light violators and speeding vehicles [112]. The 

CMF for countermeasure is 0.79, and CRF is 21%. This safety countermeasure is 

referenced at [113]. The CMF rating is 3 stars, which is a very good ranking.   

 

Figure 2-18: Adaptive Traffic Control System [112] 
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Figure 2-19: Traffic Management with Adaptive System [112] 

14.       Installing Dynamic Signal Warning Flashers   

Dynamic signal warning flashers (DSWF) provide drivers with advance notice of 

the phase change when the signal is about to change from green to yellow [96]. 

The CMF is 0.814, and CRF equal to 18.6% for the countermeasure. This safety 

countermeasure is referenced at [96]. The CMF rating is 4 stars, which is a very 

good ranking. 

15.    Converting a conventional signalized intersection to a continuous flow 

intersection (CFI)   

A Continuous Flow Intersection, or CFI, is a new type of intersection that allows 

vehicles to go through it more efficiently. It is allowing left turning traffic and 

crossing or through traffic to move simultaneously through intersections. A CFI 

enhances safety and increases traffic flow. A CFI moves traffic in a left turn to 

the outer edges of the road, allowing through traffic to simultaneously traverse the 

middle of an intersection; thus increasing the number of vehicles that can cross 

through the intersection in a single traffic lights cycle [114] [115]. A CFI enhances 

intersection safety and mobility by reducing the risk of accidents at intersections, 

allows more vehicles to cross through an intersection and reduces delays and 

travel time. Figure (2-20) and (2-21) show the configuration of CFI [116]. The 

CMF is 0.877, and CRF is 12.3%. This safety countermeasure is referenced at the 
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CMF clearinghouse website [117]. The CMF rating is 4 stars, which is a very 

good ranking. 

 

Figure 2-20: The Layout of Intersection and the Traffic Movement of the Minor Approaches of  CFI [116] 

  

Figure 2-21: Traffic Movement of the Major Approaches of CFI [116] 

16.  Improvement of signal visibility, including signal lens size upgrade, 

installation of new back-plates, addition of reflective tapes to existing back-

plates, and installation of additional signal heads    

The aim of this countermeasure to reduce the number of collisions that occur at 

signalized intersections by improving signal visibility.  All the above treatments 

were used to improve signal visibility for urban signalized intersections [107]. 

The CMF and CRF for the countermeasure are 0.867 and 13.3% respectively. This 

safety countermeasure is referenced at [115]. The CMF rating is 5 stars, which is 

an excellent ranking. 
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17.     Changing from protected only to flashing yellow arrow protected left 

turn with time of day operation. 

Flashing Yellow Arrow signals are a new display that will replace the circular 

green signals for left-turns at signalized intersections. The Federal Highway 

Administration has published and authorized the scheme. Srinivasan (2011) used 

data from 51 recorded intersections in three states: North Carolina, Oregon, and 

Washington, to assess the FYA facility's safety impact. At the 95 percent 

confidence level, intersections experienced the highest reduction in statistically 

significant accidents, with a 36 percent drop in left turn accidents and a 25 percent 

reduction in total intersection accidents [118]. Pulugurtha and Khader studied the 

effects of FYA facilities at 18 Charlotte signalized intersection. Following the 

installation of the FYA, LT collisions involving left-turning vehicles decreased in 

14 of the 18 intersections. As a result of the FYA installation, the total number of 

collisions decreased in 16 of the 18 intersections [119]. The CMF is 0.901, and 

CRF equal 9.9%. This safety countermeasure is referenced at [120]. The CMF 

rating is 4 stars, which is a very good ranking. 
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Methodology and Data Collection 

3.1. General 

This chapter describes the methodology and Data Collection for estimating the 

safety of a roadway facility component (i.e., roadway segment, or intersection) 

based on the predictive method of the Highway Safety Manual.   

3.2.      Predictive Method 

The method discussed and applied in the research is the predictive method which 

is illustrate in figure (3-1). This method is used to estimate the expected average 

crash frequency, and crash severity for facilities with known characteristics. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-1: The Research Methodology Flow Based on the HSM Predictive Method 

Defining roadway type (Segment or Intersection) 

Defining the period of the study 

Determining AADT and the observed crash data 

Determining geometric design features 

Assigning observed crashes to individual sites   

Selecting a roadway segments or intersections 

Selecting and applying safety performance 

functions (SPFs) 

Applying the crash modification factors (CMFs) 

Applying a calibration factor   

Comparing and evaluate results 
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3.2.1   Expected Crashes of Segments  

The expected number of crashes at the segments are determined from the 

following steps:   

1.       Crashes due to Multiple - Vehicle Collisions 

The Safety Performance Functions (SPFs) for multiple-vehicle intersection-

related collisions are applied in the HSM using ‘equation (3.1)’: 

 N bimv   = exp (a + b × ln(AADT) + ln(L)) ………………………Eq. (3-1) 

Where: 

Nbimv = predicted number of crashes from multiple-vehicle collisions 

(crashes/year); 

AADT = annual average daily traffic volume (vehicles/day) on roadway segment;   

L = length of roadway segment (mi); and  

a, b = regression coefficients provided in table (A-1) in appendix A. 

2.  Crashes due to Single Vehicle Collisions 

The SPFs for single-vehicle crashes are applied in the HSM using ‘equation (3.2)’:   

N brsv = exp (a + b × ln(AADT) + ln(L)) …………………   Eq. (3.2) 

Where, 

;vehicle crashes-= predicted number of crashes related to single brsv N 

AADT = average daily traffic volume (vehicles/day) on roadway segment; ِ

L = length of roadway segment (mi); and  

a, b = regression coefficients provided in table (A-2) in appendix A 
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3. Crashes due to Multiple Vehicle Driveway   

The total number of collision involving multiple-vehicle driveway within a 

roadway segment is determined as [22]: 

)3-3. (Eq…………………       ∑ 𝑛𝑗𝑎𝑙𝑙 
𝑑𝑟𝑖𝑣𝑒𝑤𝑎𝑦

𝑡𝑦𝑝𝑒𝑠

 ×  𝑁𝑗 × (
𝐴𝐴𝐷𝑇

15000
)(𝑡)=  brdwy N 

Where: 

Nj = Number of driveway-related collisions per driveway per year for driveway 

type j from Table 3-3;   

nj = number of driveways within roadway segment of driveway type j including 

all driveways on both sides of the road; and 

t = coefficient for traffic volume adjustment from Table (A-3) in appendix A. 

4. Crashes due to Vehicle- Pedestrian 

The number of vehicle-pedestrian collisions per year for a roadway segment is 

estimated as follows [22]: 

Npedr = Nbr × fpedr      ……………………………   Eq. (3.4) 

Where: 

A) appendix 4-Aprovided in table ( strian crash adjustment factor= pede pedrf 

5. Crashes due to Vehicle- Bicycle 

The number of vehicle-bicycle collisions per year for a roadway segment is 

estimated as follows [22]: 

Nbiker = Nbr × fbiker     ……………………………. Eq. (3.5) 

Where: 

.A) appendix 5-Aicycle crash adjustment factor provided in table (= b bikerfِ

The total number of predicted crashes from the above cases is determined as in 

‘equation (3.6)’: 

)3.6. (…….    EqbikerN+  pedrN+  brdwyN+  brsv+ N brmvN=  predicted rsN  
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The CMF value for the different geometric design characters are determined. All 

the factors used to determine the CMF are provided in Tables (A-6) to (A-10) in 

appendix A. 

3.2.2   Expected Crashes of Intersections 

The expected number of crashes at the intersections are determined from the 

following steps:    

1. Crashes due to Multiple - Vehicle Collisions 

The Safety Performance Functions (SPFs) for multiple-vehicle intersection-

related collisions are applied in the HSM using ‘equation (3.7)’: 

Nbimv = exp (a + b × In (AADTmaj) + c × In (AADTmin)) …………. Eq. (3.7)                                                                                             

Where: 

Nbimv = predicted number of crashes from multiple-vehicle collisions 

(crashes/year); 

AADTmaj = average daily traffic volume (vehicles/day) for major road (both 

directions of travel combined); 

AADTmin = average daily traffic volume (vehicles/day) for minor road (both 

directions of travel combined); and 

a, b, c = regression coefficients from Table (A-11) in the appendix A. 

2.  Crashes due to Single Vehicle Collisions 

The SPFs for single-vehicle crashes are applied in the HSM using ‘equation (3.8)’:   

Nbisv = exp (a + b × ln (AADTmaj) + c × ln (AADTmin)) …………. Eq. (3.8)                                                                                       

Where: 

Nbisv = predicted number of crashes from single-vehicle collisions (crashes/year); 

AADTmaj = average daily traffic volume (vehicles/day) for major road (both 

directions of travel combined); 

AADTmin = average daily traffic volume (vehicles/day) for minor road (both 
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directions of travel combined); and 

a, b, c = regression coefficients from Table (A-12) in appendix A. 

The total number of predicted average crash frequency from the above cases is 

determined as in ‘equation (3.9)’: 

      Nspf int = Nbimv + Nbisv …………. Eq. (3.9)      

The CMF value for the different geometric design characters for all intersections 

are determined. All the factors used to determine the CMF are provided in Tables 

(A-13) to (A-17) in appendix A. 

3.3.     Study Area  

Duhok City urban area was selected to perform the study. The city has the 

following characteristic and features: 

1. Geographical position: Duhok City lies between mountain areas, where 

high mountainous surround the city from three directions, the White Mountain in 

the north, Shindokha Mountain in the south and Mamzeen Mountain in the east 

and the western direction. It is considered one of the most important cities 

especially from historical, tourism, trade, and geographical perspectives. 

2. There is a strategic international road passing across Duhok City which 

connects Kurdistan Region and Iraq with Turkey and the world through Ibrahim 

Al-Khalil Border point. 

3. The standard of living of people in Duhok has grown rapidly during the last 

few years. This has caused many people to drive private cars and has increased 

the traffic flow, and increased traffic accidents. 

4. The City of Duhok comprises a complete street network system with a 

variety of land use such us: residential, industrial, commercial, administrative and 

recreational zones. Also a lot of expansion in road network is ongoing. 

The segments and intersections that are analyzed for this study are as follow   

Table 3-1: 
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Table 3-1:  Segments and Intersections Analyzed in the study 

No. Segment Names Intersection Names 

1 Qazi Mohammad Road Segment Zari land intersection 

2 Zari land road Tax Income intersection 

3 Qanati Kurdo road Binavi 1 intersection 

4 Zirka road Binavi 2 intersection 

5 Zirka road Mini Market intersection 

6 Zaxo road Diyari intersection 

7 Barzan road (gavarki) Commerce of Chamber intersection 

8 Serhaldan road Chira intersection 

9 Raza road Qazi Mohamad intersection 

10 Silav road Jodi intersection 

11 Shahidan road  

  

All information, layout images, and traffic operation images for all segments and 

intersections are presented in Appendix B. 

3.3.1     Map Preparation  

Road network maps of Duhok City were needed for identifying the locations of 

highway segments and intersections in Duhok City, and showing the traffic 

movements and traffic operations. Therefore, satellite images of Duhok City by 

Google map were used to specify the locations of the intersections and segments. 

For measuring the segment lengths, Google Earth was used. Figures (3-2) and (3-

3) show the selected segments and intersections for the study. 

 

Figure 3-2: Traffic Survey Segments Locations Along Study Area 
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Figure 3-3: Traffic Survey Intersection Locations Along Study Area 

3.4. The Geometric Design Features, Traffic Control Features and Site 

Characteristics  

For all segments within the study area, the following geometric design and traffic 

control features are measured for the analysis of segments:  

 Length of roadway segment (miles), which is determined by measuring the 

length on maps (google maps, measure map distance) or by Field survey by 

car counter gauge. A minimum of two journeys were conducted for each street 

and the section length was recorded for any journey then the average value 

was obtained. 

 Number of through lanes.  

 Presence/type of median (undivided, divided, raised or depressed median, 

center TWLTL). 

 Presence/type of on-street parking (parallel vs. angle; one side vs. both sides 

of street). 

 Number of driveways for each driveway type (major commercial, minor 

commercial; major industrial/institutional; minor industrial/institutional; 

major residential; minor residential; other). 
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 Roadside fixed object density (fixed objects/mile, only obstacles 4-in or more 

in diameter that do not have a breakaway design are counted according to the 

HSM predictive method).  

 Average offset to roadside fixed objects from edge of traveled way (feet). 

 Presence/absence of roadway lighting. 

 Speed category (based on actual traffic speed or posted speed limit).  

 Presence of automated speed enforcement.   

For all intersections within the study area, the following geometric design and 

traffic control features are identified:  

 Number of intersection legs (3 or 4).  

 Type of traffic control (minor-road STOP or signal).  

 Number of approaches with intersection left turn lane (all approaches, 0, 1, 2, 

3, or 4 for signalized intersection; only major approaches, 0, 1, or 2, for Stop-

controlled intersections).  

 Number of major-road approaches with left-turn signal phasing (0, 1, or 2) 

(signalized intersections only) and type of left-turn signal phasing 

(permissive, protected/permissive, permissive/protected, or protected).  

 Number of approaches with intersection right turn lane (all approaches, 0, 1, 

2, 3, or 4 for signalized intersection; only major approaches, 0, 1, or 2, for 

Stop-controlled intersections).  

 Number of approaches with right-turn-on-red operation prohibited (0, 1, 2, 3, 

or 4) (signalized intersections only).  

 Presence/absence of intersection lighting.  

 Maximum number of traffic lanes to be crossed by a pedestrian in any crossing 

maneuver at the intersection considering the presence of refuge islands (for 

signalized intersections only).  

 Proportions of nighttime crashes for unilluminated intersections (by total, 

fatal, non-fatal injury, and property damage only). 
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3.5.   Data Collection 

This section provides an overview of different types of safety data needed to 

accomplish the research purposes. After the data was prepared, and filling in the 

field survey forms, a visual check was done in order to correct any possible 

mistakes during the recording process of the data. Missing data or unreasonable 

data (if any) were recalculated and re measured to assure their accuracy.  

3.5.1.   Crashes Data  

Traffic accident data could be collected by traffic agencies according to specified 

standards and procedures.  Accident data is maintained in computer systems in 

developed countries, such as the information data bank system, and may be easily 

accessible by safety researchers. However, in Kurdistan the Traffic Police are in 

charge of collecting accident data by filling out report forms, and this is the only 

source to get accident data. This type of traffic accident data has a number of 

deficiencies, including: 

• The form lacks sufficient information which is needed for crash analysis.  

• Traffic police officers lack formal training in preparing traffic crash forms, 

therefore sometimes; they do not fill these forms completely.   

• Some accidents are not recorded at all, because the drivers agreed with each 

other and they did not contact the police traffic upon the crash occurrence.  

Therefore, collecting the accident data for the current study was a difficult process 

and time consuming because of the existing routine problems, and due to the time 

restraint of the study. Several visits were made to the Directorate of Duhok Traffic 

Police to obtain the accident data for the three years preceding the study year 

(2020), namely the years of (2017, 2018, and 2019). Traffic accidents were 

derived from 1223 accident reports. Accident reports collected from Duhok 

Traffic Office included the following information: 

1- Information about the accident date (i.e., day, month, year, and hour). 

2- Information about accident location (i.e., street and intersection name).  
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3- Information about the weather and the road surface condition such as, dry, wet, 

icy, misty, snow, windy…etc.  

4- Information about accident type and accident severity such as, collision type, 

and the number of fatal, and injured people.  

All accident data were carefully inspected for possible deficiencies, and then 

organized and tabulated for each year. In order to account for the bias due to 

Regression-to-the-Mean phenomena (which is naturally expected reduction in 

crashes after period for sites with high crash rates), the average number of crashes 

for the three years (2017, 2018, 2019) is used for each segment and intersection 

in this research.  

3.5.2    Traffic Data    

The annual average daily traffic (AADT) for each road segment and intersection 

studied is included in the traffic data. 

One of the most essential traffic measures utilized in any transportation project is 

the Annual Average Daily Traffic (AADT). It's also a significant input variable 

for safety analysis, the Highway Safety Manual and the Highway Capacity 

Manual both use it extensively. The average of 24-hour counts taken every day of 

the year is known as the Average Annual Daily Traffic (AADT). The total traffic 

volume passing a location (or segment) of a road in both directions for a year is 

divided by the number of days in the year to calculate the annual average daily 

traffic volume (AADT).  

Installing permanent traffic count stations or Automatic Traffic Recorders (ATRs) 

is an accurate technique of determining AADT for a road segment or intersection 

(ATRs). Traditional inductive loops, microwave radar sensors, magnetic counters, 

and piezoelectric sensors are used to collect traffic data 24 hours a day, 365 days 

a year by an ATR. The standard AADT estimating approach involves applying 

expansion factors to the volume gathered from short-term traffic count stations 

(seasonal, monthly, daily growth, and axle adjustment factors). 
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The two-way AADT of the main street, AADT maj, and the two-way AADT of 

the minor street, AADT min, are required at each intersection. AADT maj and 

AADT min are calculated as follows: if the AADTs on the two major-road legs 

of an intersection differ, the intersection is calculated using the larger of the two 

AADT values. If the AADTs on a four-leg intersection's two minor road legs 

differ, the larger of the two minor road legs' AADTs is used. The AADT of the 

single minor road leg is used for a three-leg intersection. If AADTs are known for 

each road segment along a facility, the major-road AADTs for intersecting legs 

can be calculated without the need for further information.  

Traffic volume is measured in a variety of ways, including manual counting, 

detector/sensor counting, moving-car observer method, and video recording 

method. 

In Duhok City, the ADT and the AADT data for the streets and intersections were 

not available at any government agency, such as Duhok Municipality, Duhok 

Traffic Police, or Duhok Directorate of Roads and Bridges. Recording the traffic 

volume by installing video tools at the streets and intersections was also not 

possible, because of the unavailability of such tools in the Directorate of Duhok 

Traffic Police. Therefore, this research uses the method of conversion of the 

traffic peak hour volume into AADT by the K factor procedure as an option to 

obtain the AADTs for the streets and intersections being analyzed in the study. 

The K factor is the percentage of daily traffic volume that occurs during peak 

hours. K is the proportion of AADT on a road segment or intersection during the 

Design Hour, which is the hour with the year's 30th greatest hourly traffic flow. 

The K-factor, which is stated as a decimal fraction (often called 'K,' or 'K30), or 

the "Design Hour volume," is the proportion of AADT that occurs during the 

analysis hour (DHV). The K30 is the thirtieth highest peak hour divided by the 

annual average daily traffic [21][121][122]. This factor is used for designing and 

analyzing traffic volume on highways, according to the Highway Capacity 

Manual (HCM) and the Highway Capacity Manual (HSM). It enhances traffic 

forecasts by taking into account factors such as pavement selection and the 



60 

 

 
 

inclusion of various geometric characteristics of highway design, as well as the 

effects of lane closures and the necessity of traffic volumes. HSM and HCM 

estimate the K30 to be between 8% and 12% in urban areas and between 12% and 

18% in rural areas. As a result, the K30 is estimated or calculated as 12% 

[21][123]. 

The Design Hourly Volume (DHV) of a roadway segment or intersection is the 

year's 30th highest hourly traffic volume in vehicles per hour. Thirtieth highest 

hourly volume is the hourly volume that will be reached or exceeded only 29 times 

in a year, during which all other hourly volumes will be smaller than this value. 

Thus the K factor is given by: 

DHV = K * AADT   ………………………. Eq. (3-10) 

The target hour is 30HV, which is founded on the idea that designs are not done 

to the exact highest hour of the year, but rather to design the majority of the needs. 

A flow curve is created by plotting an entire year's worth of hourly volume data, 

ranking from highest to lowest at a specific point. The 30th greatest hourly volume 

is often the break point between the steep and shallow parts of the curve, as shown 

in Figure (3-4).  

 

Figure 3-4: The K30 Factor Used in Determining the AADT For Urban Areas [122] 

The variation in traffic volume over time, such as month to month, day to day, 

hour to hour, and within an hour, is also a significant element in calculating traffic 

volume. Seasonal differences in volume might also be noted. The pattern will alter 
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on weekdays, Saturdays, and Sundays. Weekday flows are rather consistent, 

however weekend flows are very variable depending on the season, weather, and 

socioeconomic factors. 

The most significant variation is from hour to hour. Mornings and evenings on 

weekdays are frequently the peak hour, accounting for 8 to 12 percent of total 

daily traffic flow. Peak hour volume, which is frequently 2 to 3 times the average 

hourly flow, is a critical issue in road design and traffic control. Apart from that, 

this variation has two major peaks (morning and evening peak), which are 

particularly noticeable in urban locations. These primarily consist of work trip 

that are not affected by weather or other factors. 

The morning and evening peak hours were found for several streets and 

intersections in Duhok City. It was found out that the evening peak hour is higher 

than the morning peak hour. The peak hour volumes were determined during the 

weekdays of Monday, Tuesdays, and Wednesdays of every week during the 

summer months of July, and August. 

Based on that, this research uses the evening peak hour volume for all segments 

and intersections. For every segment and intersection, the AADT was calculated 

by dividing the evening peak hour volume by 0.12 [122].  

AADT = Evening Peak Hour/0.12 …………………………. Eq. (3-11) 

A total of 11 road segments and 10 intersections in Duhok City were chosen to be 

analyzed in this study. The segments that are selected for the traffic survey were 

selected on the basis of the highest numbers of crashes that happen inside the city 

and usually experience several numbers of accidents.  

Tables (3-2) and (3-3) illustrate the traffic volume counting for the roadway 

segments and intersection in Duhok city measured in the year 2020 from July to 

August. The traffic data were collected in each selected point during the evening 

peak hour from (7.00 pm to 8.00 pm) for the most active day which is (Monday, 

Tuesday, Wednesday) of the week within the city. The evening peak hours shows 

a high rate of congestion with the end of regular work hours for the most of 

businesses since all the roadways and intersections selected for the study linked 
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between commercial, industrial, and residential areas. For all intersections two 

points along the major approach, and two points along the minor approach were 

selected to record the data through manual recording, one at each direction of 

travel. Furthermore, two teams collected the data for each intersection. For the 

roadway segments, also the traffic survey selected two points on the segments to 

collect the traffic volume. One point for each direction of travel in order to provide 

an accurate data. 

Table 3-2: Traffic Volume For the Segments 

No. Name of Segment 
Traffic volume evening peak 

hour 7.00 pm - 8.00 pm 
AADT veh/day 

1 Qazi mohamad road seg1 4240 35333 

2 Zari land road  2700  22,500 

3 Qanati Kurdo road 2330 19,417 

4 Zirka road 2300 19167 

5 Zirka road 3092 25,767 

6 Zaxo road  4112 34,267 

7 Barzan road (gavarki)  5833 48,608 

8 Serhaldan road   4016 33,467 

9 Silav road  3647 30,392 

10 Shahidan road 3542 29,520 

11 Raza Roadway 3384 28,200 
  

Table 3-3:  Traffic Volume Counting for Intersections in Duhok City For the Year 2020 

Intersections 

Number 

Name of 

intersection 

Traffic volume evening 

peak hour 7:00-8:00 PM 
AADT veh/day 

Int. 1 
Zari land 

intersection 
Major = 3461 , minor = 3100 

Major = 28,842 , minor = 

25,833 

Int. 2 Tax intersection 
(Major = 4460, Minor = 

3300) 
Major = 37167, Minor =27500 

Int. 3 
Binavi 1 

intersection 
Major = 6410 , minor = 1720 major = 53,417 minor = 14,334 

Int. 4 
Jodi 

intersection 
Major = 4850 , minor = 950 Major = 40417, minor = 7917 

Int. 5 

Chamber of 

commerce 
intersection 

Major = 5520 , Minor = 164 Major = 46,000 , Minor = 1367 

Int. 6 
Binavi 2 

intersection 
Major =3470 , Minor = 970 Major = 28,917 , Minor = 8083 

Int. 7 
Diyari 

intersection 
Major =3882 , Minor = 208 Major = 32,350 , Minor 1733 

Int. 8 
Chira 

intersection 
Major = 3950 , Minor = 930 major = 32,917 , minor = 7750 

Int. 9 
Mini market 

intersection 
Major = 4956, minor = 978 Major = 41300, minor = 8150 

Int. 10 
Qazi mohamad 

intersection 
major = 2874, minor = 950 major = 23,950, minor = 7917 
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Results and Discussion 

4.1. General 

This chapter introduces the data analysis and the results for assessing the safety 

of Duhok city roads segments. The numbers of segments analyzed in the thesis 

are 11 segments and 10 intersections at different locations and roadways in Duhok 

city.  

The characteristics of Duhok City streets are discussed with different types of 

accidents resulted from the study through the distribution of accidents on the city 

street network. The total reported number of accidents in the study area was (292) 

accidents during three years period (2017-2019). The total accidents frequency 

recorded in street sections was (196) and on intersections was (96) accidents 

distributed in different locations. These accidents resulted in (73) fatalities and 

injuries, and (123) property damages only at road segment while for intersections 

the number of fatalities and injuries are (34) and (62) for property damages only. 

About 67.12 percent of the total accidents occurred within the street sections and 

32.88 percent of the total accidents occurred at intersections. Figure 4-1 presents 

the numbers of accidents that occurred in Duhok street sections and the severity 

level for these crashes.  As illustrated in the figure below (4-1), the highest number 

of accidents occurred at Barzan segment and Qazi Mohamad segment which are 

29 crashes/year and 28 crashes/year respectively. Also Barzan segment had the 

greatest numbers of Fatal and injury (10) crashes/year, and property damage only 

which was (19) crashes/year. Likewise, Qazi Mohamad segment had fatal and 

injury FI (11) crashes/year, property damage only PDO (17) crashes/year. While 
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Zirka segment and Zari land segment had the lowest number of crashes which is 

11 crashes/year and for FI = 4 crashes/year, PDO = 7 crashes/year. 

Figure 4-1 : The Numbers of Accidents Occur in Duhok Street Sections and the Severity Level for These 

Crashes. 

 Figure (4-2) illustrates the numbers of crashes in Duhok city Intersections and 

the severity level. The figure shows that Tax intersection have the greatest number 

of crashes which is 14 crashes/year and for FI = 5 crashes/year, PDO = 9 

crashes/year. In addition, Binavi 1 and Zari land intersections also have high 

numbers of crashes which are 13 crashes/year and 12 crashes/year respectively, 

while Diyari Intersection has the lowest number of crashes, namely 6 

crashes/year.  

Figure 4-2 : The Numbers of Crashes in Duhok City Intersection and the Severity Level 
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Figure (4-3) illustrate the numbers of crashes in Duhok city streets and the severity 

level for the year 2017-2019. As shown in the figure the greatest number of 

crashes occurred in the year 2017 which is 301 crashes/year for intersections and 

segments. In addition, the years 2018 and 2019 had approximately the same 

number of crashes or relatively close to each other (285 and 290 crashes/year 

respectively). Furthermore, for the severity level in year 2019 had the greatest 

number of FI which is 110 crashes/year. But, year 2019 had the highest number 

of PDO, namely 193 crashes/year. 

Figure 4-3: Crash Data Summary for Intersection and Roadway Segments Obtained From Traffic Police For the 

Years 2017, 2018, 2019 

Figure (4-4) illustrate the numbers of crashes in Duhok city road segments and 

the severity level for the year 2017-2019. As shown in the figure the greatest 

number of crashes occurred in the year 2017 which is 205 crashes/year and then 

the years 2018 and 2019. Furthermore, for the severity level, year 2017 again had 

the greatest number of FI and PDO. For the years 2018 and 2019 for the PDO, 

they are relatively close to each other, but there is a slight difference in FI for 2018 

and 2019. 
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Figure 4-4: Crash Data Summary For Roadway Segments For the Years 2017, 2018, 2019 

Figure (4-5) demonstrate the numbers of crashes in Duhok city intersections and 

the severity level for the years 2017-2019. As shown in the figure, the highest 

number of crashes occurred in the year 2018, which is 96 crashes/year followed 

by the years 2017 and 2019. Furthermore, concerning the severity level, again 

2018 has the greatest number of FI. For all the years, the numbers of crashes are 

approximately close to each other. 

 

 

Figure 4-5: Crash Data Summary for Intersections for the Years 2017, 2018, 2019 
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4.2     Traffic Data Analysis by Applying HSM predictive method 

The analysis of the collected traffic data from the selected segments and 

intersections roadway in the study area will include analyzing different traffic 

parameters and data by applying the predictive method including in HSM that is 

described in details in chapter three for roadway segments and intersections. The 

selected segments targeted to collect traffic data have the resulted with the 

following results: 

4.2.1  Assessing the Safety of Road Segments 

In this study, the (HSM_CPM_UrbanSuburbanArterials_v3.1) software was used 

in applying the HSM predictive method to determine the expected number of 

crashes for road segments and intersections. In addition, Microsoft Office Excel, 

was also used for a set of purposes such as the ranking of some accident 

classifications, creating data files, maintaining results in separate files and 

outputting the results in forms of tables and figures. The selected segments for the 

research are as follows: 

1.  Qazi Mohamad Segment  

The collected traffic data and general information about this segment are 

illustrated in table (4-1). The description of the segment is shows in figure (B-1) 

in appendix B.  

Table 4-1: General Information and Input Data for Qazi Mohamad Segment 

Input Data Site Conditions 

Roadway type   6- lane divided  

Length of segment, L (mi) 0.6 

AADT (veh/day) 35,333 

Type of on-street parking (none/parallel/angle) 19.0 

Proportion of curb length with on-street parking Present 

Median width (ft)   Not Present 

Lighting (present / not present) 3 

Auto speed enforcement (present / not present) 0 

Major commercial driveways (number) 0 

Minor commercial driveways (number) 0 

Major industrial / institutional driveways (number) 2 
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Minor industrial / institutional driveways (number) 17 

Major residential driveways (number) 0 

Minor residential driveways (number) Posted Speed 45 mph  

Other driveways (number) 233 

Speed Category 5 

Roadside fixed object density (fixed objects / mi) 1.00 

Offset to roadside fixed objects (ft)   1.00 

 1.00 

 

Figure (4-6) shows the observed vehicle crashes and the severity level of these 

crashes at Qazi Mohamad segment for the years between (2017- 2019). It can be 

observed that the number of crashes slightly increased from the year 2017 (26 

crashes/year) to the year 2019 (30 crashes/year). Table (C-1) for observed number 

of crashes is provided in appendix C. 

 

 

 

 

 

 

 

 

 

Figure  4-6:  Observed Vehicle crashes at Qazi Mohamad Segment 

The HSM predictive method for predicting average crash frequency on a 

particular urban or suburban arterial roadway segment is used below. The 

equations and tables used in the predictive method are available in the HSM. The 

tables required for the analysis of the segments (from table A-1 to table A-10) are 

provided in appendix A.  

Figure 4-7 demonstrate the predicted number of crashes from multi-vehicle non-

driveway collisions, single collisions, and multiple-vehicle driveway collisions. It 
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much higher than the predicted number of crashes from single-vehicle collisions 

26
28

30

16
1817

1010

13

0

5

10

15

20

25

30

35

201720182019
C

r
a

sh
e
s 

n
u

m
b

e
r
/y

e
a

r

Observed Vehicle Crashes Crash Severity Level PDO Crash Severity Level FI



69 

 

 
 

and multiple vehicle driveway collision which is equal to 1.383 crashes/year and 

2.568 crashes/year respectively at the segment. The fatal-injury number (FI) from 

multi-vehicle collisions is (2.037crashes/year), and the property-damage only 

(PDO) is (5.67 crashes/year). However, it can be seen that the FI from single-

vehicle is (0.291crashes/year), and the PDO is (1.092 crashes/year). Also multiple 

vehicle driveway is (0.691crashes/year) and the PDO is (1.877 crashes/year) 

which are both clearly less than the multi-vehicle collisions. 

 

 

 

 

 

 

 

 

 

 

Figure 4-7: Predicted Number of Crashes for Different Collision Types at Qazi Mohamad Segment 

Figure (4-8) and (4-9) present the predicted FI and PDO for multiple vehicles and 

single vehicles crashes as well as observed vehicle crashes. The predicted FI for 

multiple vehicle non driveway is nearly 2 crashes /year which is higher than FI 

for single and multiple vehicle driveway that is nearly equal to 1.0 crash /year for 

both of them. Also, the same is true of the predicted PDO for multiple vehicle 

which is greater than the PDO for single vehicle (nearly 6 crashes/year and nearly 

1 crash/year respectively) and multiple vehicle driveway which is 2 crashes. In 

addition, the observed crashes FI is less than the PDO observed crashes which is 

11 (present 39% of the total observed crashes) crashes/year and 17 (61% of total 

observed crashes) crashes/year respectively. The summation of the predicted FI 

for multiple vehicles crashes as well as FI for single vehicles and FI for multiple 

vehicle driveway is 4 crashes/year which is less than the FI for observed crashes. 
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Moreover, the summation of the predicted PDO for multiple vehicle crashes with 

PDO for single vehicle and PDO for multiple vehicle driveway is 9 crashes/year 

which is less than the observed PDO crashes (17 crashes/year).  

Figure 4-8: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway Collision  

Figure 4-9: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are calculated using the appropriate formulae 

and tables in the HSM. All the information about these CMF is provided in Table 

4-1. These data are applied to the appropriate equations provided in HSM to 

determine the CMF value for the different CMF as illustrated in Table 4-2. All the 

factors used to determine the CMF are provided in Tables (A-6) to (A-10) in 

appendix A. 
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CMF Value CMF Name CMF Number 
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1.479 Roadside fixed object CMF2 
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Each geometric or operation feature has its own CMF by using the HSM tables 

and formulae. It can be realized that the existence of on street parking has a CMF 

of greater than 1.0, which can increase potential head on collision by 48% (i.e., 

1.0 – 1.475 = -0.475), because of the concern that the width of the lane would be 

narrowed when the vehicles are parked at the segment. The existence of roadside 

fixed objects has a CMF greater than 1.0, which can increase potential crashes by 

48%. But the existence of median width has a CMF less than 1.0, which could 

positively decrease potential crashes by 1%. The presence of lighting has a CMF 

less than 1.0 which can decrease the potentially crashes by 8%. The absence or 

nonexistence of automated speed enforcement at this segment, i.e. there is no 

effect of it as well. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision is presented in table 4-3: 

Table 4-3: Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.285 0.545 

 

The expected number of crashes at the segment is then determined using the 

equation (3.6) in chapter three. The expected number of crashes is 24.542 

crashes/year. The expected number of crashes at the segment should be compared 

to the observed crashes recorded at the site as shown in table 4-4 below: 

Table  4-4: Expected Number of Crashes and the Observed Crashes at Segment 

Observed crashes Expected crashes Conclusion 

28 25 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

By comparing the observed vs expected number of crashes, it can be seen that the 

number of observed crashes exceeds the expected number of crashes. This implies 

that the safety at the segment is critical and needs to be addressed by appropriate 

safety countermeasures from the CMF clearinghouse website. 
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Discussion  

Multi-Vehicle accidents involve two or more vehicles, which could result in more 

severe fatal-injury victims, and vehicle damages. Multiple vehicle driveway 

collision involving multiple-vehicle driveway within a roadway segment. The 

majority of the crashes is related to the multiple non-driveway vehicles because 

this type of vehicles presents the highest traffic volume at the segment compared 

to the multiple driveway vehicles. In addition, crashes involving two or more 

vehicles are often more likely to happen than single vehicle crashes at any road 

segment.   

The total predicted number of crashes at the segment (from multi-vehicle 

driveway and multi vehicle non driveway collision and single-vehicle) is 

determined to be (11.658 crashes/year). Considering the geometric lay out and the 

traffic operation phases at the segment, crash modification factors (CMFs) could 

be applied to all those features as described in the HSM predictive method. The 

combined CMF is found to be 2.034. Applying this combined CMF to the total 

predicted number of crashes would determine the expected number of crashes at 

this segment, which is (23.712 crashes/year or nearly 24.0 crashes/year). The total 

expected number of crashes is found to be (24.542 or 25.0 crashes/year) after 

considering all the geometric and operation features based on the HSM predictive 

method. This number must be compared to the observed (actual) crashes, which 

is (28 crashes/year) that were obtained from the Traffic Police records. Since the 

number of the observed crashes is greater than the number of expected crashes, it 

can be concluded that the safety condition of the segment is critical and needs to 

be improved. Therefore, suitable safety countermeasures that are available at the 

CMF clearinghouse website should be found. This implies that the segment has 

some safety problems that need to be fixed so as to increase it is safety at this 

segment, which would in turn reduce the numbers of crashes. Based on that, some 

countermeasures are suggested for safety improvement, using the CMF 

clearinghouse website. 
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The Proposed Safety Countermeasures 

After a careful search at the CMF clearinghouse website, and considering all the 

above selection factors, the following countermeasures are selected. The most 

suitable safety countermeasures for this segment as well as appropriate for the site 

are illustrated. Because many factors such as speed contribute to the accidents 

occurrence, and according to the reports from traffic police that many crashes 

happened at this segment due to the speed, these safety countermeasures have 

been specified to be applicable to the site. Table 4-5 illustrate the proposed 

countermeasures. 

1-  Lowering posted speed limit from 32 mph to 25 mph. 

2-  Installing automated section speed enforcement system. 

The combined CMF of both safety countermeasures is 0.3457. 

The Final expected number of crashes is determined by multiplying the observed 

number of crashes (28 crashes/year) by the combined CMF and as follows: 

N final = 10.0 crashes/year 

Table 4-5:Proposed Safety Countermeasures 

Safety Countermeasure Value of CMF HSM # of Stars 

Lower posted speed limit from 50 kph to 40 kph 
0.501 4 

Install automated section speed enforcement 

system 
0.69 4 

Combined CMF 0.3457  

 

Figure 4-10 shows the observed crashes before applying the proposed CMFs, and 

the final crashes after applying the proposed CMFs. As it is illustrated in the figure 

the observed numbers of crashes dramatically decreased from 28 to 10 

crashes/year after applying the safety countermeasures. The reduction of the 

crashes is 65% which is an extremely an encouraging outcome.  
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Figure 4-10:Observed Crashes Before and After Applying Countermeasures 

2-    Barzan Segment (Gavarki) 

The collected traffic data and general information about the segment are available 

in appendix C (from table C-2 to C-5). The description of the segments is provided 

in figure (B-2). 

Figure 4-11 shows the observed vehicle crashes, the severity level of crashes at 

barzan segment for the years between (2017- 2019). It can be observed that the 

number of crashes is slightly fluctuated from the year 2017 to the year 2019. 

 

Figure 4-11: Observed Vehicle Crashes at Barzan Segment 

Figure 4-12 shows that the multiple non-driveway collisions (16.396 

crashes/year) are much higher than the predicted number of crashes from single-

vehicle collisions and multiple vehicle driveway collision which are (2.716 

crashes/year and 3.346 crashes/year respectively) at the segment. The fatal-injury 

number (FI) from multi-vehicle collisions is (4.313 crashes/year), and the 
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property-damage only (PDO) is (5.67 crashes/year). However, it can be seen that 

the FI from single-vehicle is (0.556 crashes/year), and the PDO is (2.16 

crashes/year). Also the FI for multiple vehicle driveway is (0.9 crashes/year) and 

the PDO is (2.446 crashes/year) which are both clearly less than the multi-vehicle 

collisions. 

  

 

 

 

 

 

 

 

Figure 4-12: Predicted Number of Crashes for Different Collision Types at Barzan Segment 

Figures (4-13) and (4-14) show that the predicted FI for multiple vehicle non 

driveway is nearly 5 crashes /year which is higher than FI for single vehicle and  

multiple vehicle driveway that is nearly 1.0 crash /year for both of them. Also, the 

same thing is true of the predicted PDO for multiple vehicle which is greater than 

the PDO for single vehicle (nearly 12 crashes/year and nearly 3 crash/year 

respectively) and multiple vehicle driveway which is 3 crashes/year. In addition, 

the observed crashes FI is less than the PDO observed crashes which is 10 (present 

34% of total observed crashes) and 19 (66% of total observed crashes) 

crashes/year respectively. The summation of predicted FI for the three collision 

types is 7 crashes/year which is less than the FI for observed crashes (10 

crashes/year). Moreover, the summation of predicted PDO for collisions types is 

18 crashes/year which is less than the observed PDO crashes (19 crashes/year). 
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Figure 4-13: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway Collision  

Figure 4-14: Predicted FI and PDO for single vehicle crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are calculated using the appropriate formulae 

and tables in the HSM and appendix D, as shown in Table 4-6 below. 

Table 4-6: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.00 On street parking CMF1 

1.190 Roadside fixed object CMF2 

0.989 Median width CMF3 

0.94 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

1.106 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

It can be realized that the existence of on street parking has a CMF equal 1.0, 

which has no effect on the crash rate. The existence of a roadside fixed object has 

a CMF greater than 1.0, which can increase potential crashes by 19%. But the 

existence of median width has a CMF of less than 1.0, which could positively 

decrease potential crashes by 1%. The presence of lighting has a CMF less than 

1.0 which can decrease the potential crashes by 6%. The absence of automated 

speed enforcement in this segment, means that there is no effect of it. 
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The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision are demonstrated in table 4-7: 

Table 4-7: Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 
 crashes/year 

Vehicle –pedestrian collision 
Crashes/year 

0.298 0.571 

 

Hence, the expected number of crashes is equal to 25.707 crashes/year. The 

expected number of crashes at this segment is compared to the observed crashes 

recorded at the site as shown in table 4-8 below: 

Table  4-8: Expected Number of Crashes and the Observed Crashes at Segment 

Observed crashes Expected crashes Conclusion 

29 26 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion  

The total predicted number of crashes at this segment is determined to be (22.458 

crashes/year). Considering the geometric lay out and the traffic operation phases 

at the segment, crash modification factors (CMFs) can be applied to all those 

features as described in the HSM predictive method. The combined CMF is found 

to be 1.106. Applying this combined CMF to the total predicted number of crashes 

would determine the expected number of crashes at this segment, which is (24.838 

crashes/year or nearly 25.0 crashes/year). In addition to that the vehicle, pedestrian 

collision and vehicle, bicycle collision are computed. Accordingly, the total 

expected number of crashes is found to be (25.707 crashes/year) after considering 

all geometric and operation features based on the HSM predictive method. This 

number must be compared to the observed (actual) crashes, which is (29 

crashes/year) that was obtained from the Traffic Police records. Since the number 

of the observed crashes is greater than that of expected crashes. it can be concluded 

that the safety condition of this segment is critical and needs to be improved. 
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Therefore, suitable safety countermeasures that are available at the CMF 

clearinghouse website should be found.  
The Proposed Safety Countermeasures 

The proposed safety countermeasures for the segment are selected according to the 

problem found out in the site. The spacing and locations of streets and driveways 

affect traffic safety and operations. These access points introduce conflicts and 

friction into the traffic stream. Vehicles entering and leaving the main roadway 

often slow the through traffic. The differences in speeds between through and 

turning vehicles increase accident potential. The reason for this is that driveway 

traffic generates a large number of crashes on Barzan road, so that reducing the 

number of access point will enhance the safety at this segment. The other 

countermeasure was proposed because the problem of friction at this segment. the 

road surface of Barzan pavements may become prematurely polished, thereby 

reducing the available pavement friction. This friction reduction can contribute to 

vehicles losing control or skidding when they speed, turn abruptly, or brake 

excessively. 
1- Reducing the number of access points (driveways).  

2- Installing high friction surface treatment (HFST).        

The Combined CMF = 0.118. Then the final expected number of crashes is: 

N Final = 4.0 crashes/year 

Figure 4-15 shows the observed crashes before applying the proposed CMFs, and 

the final crashes after applying it. As it is illustrated in the figure the observed 

numbers of crashes dramatically decreased from 29 crashes/year to 4 crashes/year 

after applying the safety countermeasures. The reduction of the crashes is 86% 

which is an extremely encouraging outcome.  
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Figure 4-15:Observed Crashes Before and After Applying Countermeasures 

3-   Zakho Segment (Malta Road) 

The obtained general information about this segment is illustrated in appendix c 

(from table C-6 to C-9). The description of the segments is provided in figure (B-

3) in appendix B. 

Figure 4-16 shows the observed vehicle crashes and the severity level of crashes 

at Zakho segment for the years between (2017- 2019). It can be observed that the 

number of crashes is slightly fluctuated from the year 2017 to the year 2019.   

 

Figure 4-16: Observed Vehicle Crashes at the Zakho (Malta) Segment 

Figure 4-17 shows that the predicted multiple non-driveway collisions (5.273 
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crashes/year and 0.581 crashes/year respectively at the segment. However, it can 

be noticed that the FI from single-vehicle is (0.132 crashes/year), and the PDO is 

(0.579 crashes/year). Also, FI for multiple vehicle driveway is (0.165 

crashes/year) and the PDO is (0.416 crashes/year) which are both clearly less than 

the multi-vehicle collisions. 

 

 

 

 

 

 

 

 

 

Figure 4-17: Expected Number of Crashes for Different Collision Types at Zakho Segment 

Figures (4-18) and (4-19) shows that the predicted FI for multiple vehicle non 

driveway is nearly 2 crashes /year which is higher than FI for single vehicle and  

multiple vehicle driveway that is nearly equal to 1.0 crash for both of them. The 

same applies to the predicted PDO for multiple vehicle 4 crashes is greater than 

the PDO for single vehicle as well as for multiple vehicle driveway which is equal 

to 1 crashes for both of them. In addition, the observed crashes FI is less than the 

PDO observed crashes which is equal to 6 (46% of total crashes) crashes/year and 

7 (54% of total observed crashes) crashes/year respectively. The summation of FI 

for the three collision types equals 4 crashes/year which is less than the FI for 

observed crashes (6 crashes/year). Moreover, the summation of predicted PDO 

for different collisions equals 6 crashes/year which is less than the observed PDO 

crashes (7 crashes/year).  

 

5.273

1.424

3.849

0.711

0.132
0.579 0.581

0.165
0.416

0

1

2

3

4

5

6

TotalFatal and Injury (FI)Property Damage Only (PDO)

C
r
a
sh

e
s 

N
u

m
b

e
r
/y

e
a
r

Multiple vehicle non driveway collision Single vehicle crashes

Multiple vehicle driveway collision



81 

 

 
 

 

Figure 4-18: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway Collision 

 

Figure 4-19: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are calculated in table 4-9 below: 

Table 4-9: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.00 On street parking CMF1 

1.621 Roadside fixed object CMF2 

0.99 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

1.468 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking has a CMF equal to 1.0, which has no effect on 

the crash rate. The existence of a roadside fixed object increases potential crashes 

by 62%. But the existence of median width could positively decrease potential 

crashes by 1%. The presence of lighting decreases the potential crashes by about 

9%. And no existence of automated speed enforcement in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision is presented in table 4-10: 
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Table 4-10 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 
 crashes/year 

Vehicle –pedestrian collision 
Crashes/year 

0.048 0.183 

   

The expected number of crashes is 9.868 crashes/year. The expected number of 

crashes at the segment is compared to the observed crashes recorded at the site as 

shown in table 4-11 below: 

Table 4-11: Expected Number of Crashes and the Observed Crashes at Zakho Segment. 

Observed crashes Expected crashes Conclusion 

13.0 10.0 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion 

The total predicted number of crashes at the segment is (6.565 crashes/year).  The 

combined CMF is found to be 1.468. Applying this combined CMF, the expected 

number of crashes at this segment is (9.637 crashes/year or nearly 10.0 

crashes/year). In addition to that the vehicle pedestrian collision and vehicle 

bicycle collision are computed, and the total expected number of crashes is found 

to be (9.868 crashes/year). This number must be compared to the observed (actual) 

crashes, which is (13 crashes/year). Since the number of the observed crashes is 

greater than the number of expected crashes. It can be concluded that the safety 

condition of this segment is critical and needs to be improved.   

The Proposed Safety Countermeasures 

The proposed safety countermeasures are based on the number of crashes and the 

problems at the site. If the lane width increases at the site, the road will be widened, 

there will be more space for vehicles to travel and this will subsequently improve 

the safety. For the other countermeasures, the problem in this road is also the speed 

and number of accidents increases due to it. Consequently, install speed 

enforcement cameras will improve the safety at the site. 
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1-   Increasing lane width   

2-    Implementing automated speed enforcement cameras   

The combined CMF of both safety countermeasures is 0.5106. 

The final number of crashes is N Final = 7.0 crashes/year. 

Figure 4-20 shows that the observed number of crashes dramatically decreased 

from 13 crashes/year to 7 crashes/year after applying the safety countermeasures. 

The reduction of crashes is 47% which is an extremely encouraging outcome.  

 

 

 

 

 

 

Figure 4-20: Observed Crashes Before and After Applying Countermeasures 

4-   Qanati Kurdo segment 

 The traffic data and general information are available in appendix C (from table 

C-10 to C-13). The description of segment is illustrated in figure (B-4). 

Figure 4-21 shows that the number of crashes increased from 9 crashes in 2017 to 

13 crashes in 2019. The greater number of crashes occurred in 2018, namely is 14 

crashes/year. 
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Figure 4-21: Observed Vehicle Crashes at Qanati kurdo Segment 

Figure 4-22 demonstrates the predicted number of crashes for the collision types. 

It can be seen that the multiple non-driveway collisions (1.515 crashes/year) are 

much higher than the predicted number of crashes from single-vehicle collisions 

and multiple vehicle driveway collisions which are 0.338 crashes/year and 0.176 

crashes/year respectively.  However, it can be seen that the FI from single-vehicle 

is (0.057 crashes/year), and the PDO is (0.281 crashes/year). Also, FI for multiple 

vehicle driveway is (0.049 crashes/year) and the PDO is (0.126 crashes/year); 

both are evidently less than the multi-vehicle non driveway collisions. 

 

 

 

 

 

 

 

Figure 4-22: Expected Number of Crashes for Different Collision Types at Zakho Segment 

Figures (4-23) and (4-24) demonstrate that the predicted FI for multiple vehicle 

non driveway is 1 crash /year which is greater than FI for single vehicle and 

multiple vehicle driveway (0.0 crash for both of them) The same thing applies to 
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predicted PDO for multiple vehicle non driveway 1.0 crashes which is equal to 

the PDO for single vehicle as well as multiple vehicle driveway, which are both 

equal 1.0 crash/year. The observed crashes FI is less than the PDO observed 

crashes, namely 4 (33%) crashes/year and 8 (67%) crashes/year respectively. The 

summation of the predicted FI for collision types is 1 crashes/year which is less 

than the FI for observed crashes (4 crashes/year). Moreover, the total predicted 

PDO for the collision types equals 3 crashes/year which is less than the observed 

PDO crashes (8 crashes/year) 

Figure 4-23: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway 

 

Figure 4-24: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are calculated as shown in table 4-12 below: 

Table 4-12: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.56 On street parking CMF1 

3.040 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

4.378 CMF1 * CMF2* ……* CMF6 Combined CMF 
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The existence of on street parking increased the crash rate by 56%. The existence 

of a roadside fixed object can dramatically increase potential crashes. Also the 

existence of median width increases potential crashes by 1%. The presence of 

lighting decreases the potential crashes by 9%. Also, there is no existence of 

automated speed enforcement in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision is presented in table 4-13: 

Table 4-13 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.044 0.169 

 

The expected number of crashes is 9.096 crashes/year. The expected number of 

crashes at this segment is compared to the observed crashes recorded at this site 

as shown in table 4-14 below: 

Table 4-14:Expected number of crashes and the observed crashes at segment. 

Observed crashes Expected crashes Conclusion 

12 9 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion 

The total predicted number of crashes at the segment is (2.029 crashes/year). The 

combined CMF is found to be 4.378. The expected number of crashes at this 

segment is (8.883 crashes/year or nearly 9.0 crashes/year).  In addition to that the 

vehicle, pedestrian collision and vehicle, bicycle collision are computed. The total 

expected number of crashes is found to be (9.096 crashes/year). Comparing this 

number to the observed (actual) crashes, which is (12 crashes/year). Since the 

number of the observed crashes is greater than the number of expected crashes. As 

such, it can be concluded that the safety condition of the segment is critical and 

needs to be improved.   
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The Proposed Safety Countermeasures 

The main problem in this road is also the speed and number of accidents increases 

due to it. Also, the other problems found out in the road surface which cause many 

accidents, so the proposed countermeasures are selected according to the problem 

in the segment: 

1- 15% reduction in mean speed.   

2- Resurfacing pavement.    

The combined CMF of safety countermeasures is 0.5975 

The Final number of crashes is determined as: 

N Final = 8.0 crashes/year 

Figure 4-25 illustrates that the observed numbers of crashes decreased from 12 

crashes/year to 8 crashes/year after applying the safety countermeasures. The 

reduction of the crashes, namely 34% which is an extremely encouraging 

outcome.  

 

 

 

 

 

Figure 4-25: Observed Crashes Before and After Applying Countermeasures 

5- Zari Land Segment (Amad Road) 

The description of this segment and the information about are presented in table C-

14 to C-17 in appendix C, as well as figure B-5 illustrate the description of segment. 
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Figure 4-26 shows that the greater number of crashes occurred in 2017, namely 14 

crashes/year, yet decreased relatively in 2018 and 2019 (10 crashes/year and 9 

crashes/year respectively). 

 

 

 

 

 

 

 

 

Figure 4-26: Observed Vehicle Crashes at the Amad Segment 

 Figure 4-27 demonstrates that the multiple non-driveway collisions (1.851 

crashes/year) are greater than the predicted number of crashes from single-vehicle 

collisions and multiple vehicle driveway collision.  However, it can be noticed 

that the FI from single-vehicle is (0.063 crashes/year), and the PDO is (0.3 

crashes/year). Also, FI for multiple vehicle driveway is (0.055 crashes/year) and 

the PDO is (0.139 crashes/year) which are both clearly less than the multi-vehicle 

collisions non driveway. 

 

  

 

 

 

 

 

 

 

Figure 4-27: Expected Number of Crashes for Different Collision Types at Amad Segment 
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Figures 4- 28 and 4-29 show that the predicted FI for multiple vehicle non 

driveway is greater than FI for single vehicle and multiple vehicle driveway, also 

the same is true of predicted PDO for multiple vehicle non driveway 2.0 crashes 

which is greater than PDO for single vehicle as well as for multiple vehicle 

driveway. Added to that, the observed crashes FI is less than the PDO observed 

crashes, namely 4 (36%) crashes/year and 7 (64%) crashes/year respectively. The 

summation of predicted FI for the three collision types is 1 crashes/year which is 

less than the FI for observed crashes (4 crashes/year). Also, summation of 

predicted PDO is 4 crashes/year which is less than the observed PDO crashes (7 

crashes/year).  

Figure 4-28: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway 

  

 Figure 4-29: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are calculated as shown in table 4-15 below: 
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Table 4-15: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.553 On street parking CMF1 

1.998 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

2.864 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of a roadside fixed object can dramatically increase potential 

crashes. Also the existence of median width increases potential crashes by 1%. 

The presence of lighting decreases the potential crashes by 9%. There is no of 

automated speed enforcement in this segment. 

The expected numbers of crashes for vehicle bicycle collision and vehicle 

pedestrian collision are presented in table 4-16: 

Table 4-16 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 
 crashes/year 

Vehicle –pedestrian collision 
Crashes/year 

0.034 0.131 

 

The expected number of crashes is 7.063 crashes/year. The expected number of 

crashes at the segment should be compared to the observed crashes recorded at 

the site as shown in table 4-17 below: 

Table 4-17: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

11.0 7.0 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion 

  The total predicted number of crashes at the segment is (2.408 crashes/year). 

Applying the combined CMF, the expected number of crashes at this segment is 

(6.897 crashes/year or nearly 7.0 crashes/year).  the existence of on street parking 

increases the crash rate by 55%. As such, the total expected number of crashes is 

found to be (7.063 crashes/year) compared with the observed (actual) crashes, 
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which is (11 crashes/year). The safety condition of this segment is critical and 

needs to be improved.  

The Proposed Safety Countermeasures 

The selection of countermeasure depends on the nature of crashes at this segments. 

Many collisions, injuries and related casualties are due to traffic speed at Zari land 

segment. So, implement Automated speed enforcement on Zari land roads may 

reduce collisions and traffic speed, and improve road safety. The other problem is 

the striking potentially hazardous fixed roadside objects, so to protect errant 

vehicles from this issue, Crash cushions are used as a roadside safety treatment 

alternative. 

1-    Installing Crash Cushions at Fixed Roadside Features. 

2-    Implementing automated speed enforcement cameras.     

The combined CMF is 0.1426    

N Final = 2.0 crashes/year 

Figure 4-30 shows that the observed numbers of crashes dramatically decreased 

from 11 crashes/year to 2 crashes/year after applying the safety countermeasures. 

The reduction of the crashes is 82% which is a very good improvement. 

 

 

 

 

 

 

 

Figure 4-30: Observed Crashes Before and After Applying Countermeasures 
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6-   Zirka Segment 1  

 The information and traffic data concerning this segment are provided in table C-

18 to C-21) and figure (B-6). 

Figure 4-31 shows the observed vehicle crashes and the severity level of crashes 

at Zirka segment for the years between (2017- 2019).  It can be observed that 2017 

and 2019 have the same number of crashes, namely 12 crashes/year, but in 2018 

the number of crashes is 9 crashes which is lower than the two aforementioned 

year. 

 

Figure 4-31: Observed Vehicle Crashes at Zirka Segment 

It can be seen from figure 4-32 that the multiple non-driveway collisions (2.714 

crashes/year) are higher than the predicted number of the two other collisions. 

However, it can be seen that the FI from single-vehicle is (0.103 crashes/year), 

and the PDO is (0.511 crashes/year). Also, FI for multiple vehicle driveway is 

(0.122 crashes/year) and the PDO is (0.306 crashes/year) which are both clearly 

less than the multi-vehicle non driveway collisions. 

12

9

12

5

2

5

777

0

2

4

6

8

10

12

14

201720182019

cr
a
sh

es
 n

u
m

b
er

/y
ea

r

Observed Vehicle Crashes Crash Severity Level FI Crash Severity Level PDO



93 

 

 
 

 

     

 

 

 

 

 

 

 

 

 

 

 

Figure 4-32: Expected Number of Crashes for Different Collision Types at Zakho Segment 

Figures 4-33 and 4-34 show that the predicted FI for multiple vehicle non 

driveway is equal to FI for single vehicle and multiple vehicle driveway (11 

crashes/year). The same thing applies to the predicted PDO for multiple vehicle 

non driveway (2 crashes/year) which is greater than PDO for single and multiple 

vehicle driveway (1 crashes/year for both of them). In addition, the observed 

crashes FI is less than the PDO observed crashes. The summation of predicted FI 

(3 crashes/year) is less than the FI for observed crashes (4 crashes/year). 

Moreover, the summation of predicted PDO is less than the observed PDO 

crashes, namely 4 and 7 crashes/year respectively. 

 

Figure 4-33: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway Collision 
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Figure 4-34: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMF are calculated as shown in table 4-18 below: 

Table 4-18: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.489 On street parking CMF1 

1.66 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

2.282 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking increases the crash rate about 49%. For the 

roadside fixed object dramatically increases potential crashes by 66%. Also the 

existence of median width increases potential crashes by 1%. The presence of 

lighting can decrease the potential crashes by about 9%. No automated speed 

enforcement exists in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision are presented in table 4-19: 

Table 4-19 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.043 0.163 

 

The expected number of crashes is 8.776 crashes/year. The expected number of 

crashes at this segment should be compared to the observed crashes recorded at 

the site as shown in table 4-20 below:  
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Table 4-20: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

11.0 9.0 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

 Discussion 

The total predicted number of crashes at this segment is (3.762 crashes/year). The 

total expected number of crashes is (8.570 crashes/year or nearly 9.0 crashes/year).  

As such, the total expected number of crashes is found to be (8.776 crashes/year). 

This number must be compared to the observed (actual) crashes, which is (11 

crashes/year). Since the number of the observed crashes is greater than the number 

of expected crashes. it can be concluded that the safety condition of this segment 

is critical and needs to be improved.    

The Proposed Safety Countermeasures 

The safety countermeasures selected for the improvement depend on the nature 

of crashes at segment. For the Zirka segment, recent data analysis shows that 

many crashes and fatal crashes occur when there is change in horizontal alignment 

and lack of signs, so the solution to enhance the safety is to propose a combination 

of chevron signs, curve warning signs, and/or sequential flashing 

beacons.  Furthermore, about three times as many crashes occur on curves as on 

tangential sections of roadways. The other problem is primary and secondary 

crashes during adverse weather conditions and congestion on this segment, so, by 

implementing more uniform driver behavior and uniform speeds, drivers are less 

likely to drive erratically, reducing the likelihood of crashes. 

1- Installing a combination of chevron signs, curve warning signs, and/or 

sequential flashing beacons.   

2-      Installing variable speed limit signs.   

The combined CMF is 0.5575  
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N Final = 7.0 crashes/year 

Figure 4-35 shows that the observed numbers of crashes decreased from 11 

crashes/year to 7 crashes/year after applying the safety countermeasures. The 

reduction of the crashes is 37% which is a good improvement. 

 

 

 

 

 

 

Figure 4-35:Observed Crashes Before and After Applying Countermeasures 

7 - Zirka segment 2 

The collected traffic data and general information about this segment are 

illustrated in appendix C (from table C-22 to C-25) and figure B-7. Figure 4-36 

shows that the observed crashes at 2019 has the highest number of crashes, 

namely 21 crashes/year, and the number of crashes gradually increased from 2017 

to 2019. 

 

 

 

 

 

 

 

 

Figure 4-36: Observed Vehicle Crashes at Zirka Segment 
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Figure 4-37 demonstrate that the multiple vehicle non-driveway collisions (6.778 

crashes/year) are quite higher than the predicted number of crashes from single 

and multiple vehicle driveway collision (1.688crashes/year and 0.811 

crashes/year respectively).  However, it can be seen that the FI and PDO for 

single-vehicle as well as FI and PDO for multiple vehicle driveway are both 

clearly less than the multi-vehicle non driveway collisions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-37: Expected Number of Crashes for Different Collision Types at Zakho Segment 

Just like other segments, figures 4-38 and 4-39 show that the predicted FI and 

PDO for multiple vehicle non driveway (3 and 5 crashes/year) are greater than 

those for single vehicle (1 and 2 crashes/year) and multiple vehicle driveway (1 

crashes/year for FI and PDO). In addition, the observed crashes FI is less than the 

PDO observed crashes. The sum of predicted FI (5 crashes/year) is less than the 

FI for observed crashes (7 crashes/year).  Furthermore, the summation of 

predicted PDO is less than the observed PDO crashes (12 crashes/year). 

Figure 4-38 : Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway 
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Figure 4-39: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMF are calculated as shown in table 4-21 below: 

Table 4-21: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.46 On street parking CMF1 

1.178 Roadside fixed object CMF2 

0.994 Median width CMF3 

0.94 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

1.607 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking increases the crash rate by 46%. The existence 

of a roadside fixed object dramatically increases potential crashes by about 18%. 

Also the existence of median width decreases potential crashes by 1%. The 

presence of lighting decreases the potential crashes by 6%. No automated speed 

enforcement exists in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision is presented in table 4-22: 

Table 4-22 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.179 0.343 

 

The expected number of crashes is 15.43 crashes/year. The expected number of 

crashes at this segment should be compared to the observed crashes recorded at 

the site as shown in table 4-23 below: 
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Table 4-23: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

19.0 16.0 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion  

 The total predicted number of crashes at this segment is (9.277 crashes/year). The 

combined CMF is found to be 1.607. Applying this combined CMF, the expected 

number of crashes at this segment is (14.908 crashes/year or nearly 15.0 

crashes/year). Consequently, the total expected number of crashes is found to be 

(15.43 crashes/year). When compared to the observed crashes, which is (19 

crashes/year), the number of the observed crashes is greater than the number of 

expected crashes. Hence, it can be concluded that the safety condition of this 

segment is critical and needs to be improved.   

The proposed safety countermeasures  

The countermeasures selected according to the problem in Zirka segment. The 

problem is on pavement marking and there is no significant information to road 

users and there is no communicate regulations, instructions, or warnings. So 

pavement markings used consistently across the state to improve roadway safety 

and effectiveness. Also recent data analysis shows that many crashes and fatal 

crashes occur when there is change in vehicle path alignment and vehicle speed 

as well as lack of signs, so the solution to enhance the safety is to propose 

oversized chevron signs. 

1-     Installing distance markers on roadway segments.   

2-     Installing oversized chevron signs.   

The combined CMF = 0.4162, N Final = 8.0 crashes/year 
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Figure 4-40 illustrated that the observed numbers of crashes decreased from 19 

crashes/year to 8 crashes/year after applying the safety countermeasures. The 

reduction of the crashes is 58% which is an encouraging outcome. 

 

 

 

 

 

 

Figure 4-40:Observed Crashes Before and After Applying Countermeasures 

8-    Sarhaldan Segment 

Like other segments, the collected traffic data and general information are 

provided in appendix C (from table C-26- to C-29) and figure B-8 in appendix B.   

Figure 4-41 shows that 2017 has the highest number of crashes, namely 30 

crashes/year, and the number of crashes decreased gradually from 2017 to 2019. 

 

  

 

 

 

 

 

 

Figure 4-41: Observed Vehicle Crashes at Serhaldan Segment 

Figure 4-42 illustrates that the multiple non-driveway collisions are quite higher 

than the predicted number of crashes from single-vehicle collisions and multiple 

30

2625

11

7
9

1919

16

0

5

10

15

20

25

30

35

201720182019

c
r
a
sh

e
s 

n
u

m
b

e
r
/y

e
a

r

Observed Vehicle Crashes Crash Severity Level FI Crash Severity Level PDO

19

8

Observed Crashes before applying CMFs

Final Crashes after applying CMFs



101 

 

 
 

vehicle driveway collision. However, it can be seen that the FI and PDO from 

single-vehicle as well as multiple vehicle driveway are both clearly less than the 

multi-vehicle collisions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4-42: Predicted Number of Crashes for Different Collision Types at Sarhaldan Segment 

Figures 4-43 and 4-44 show that the predicted FI for multiple vehicle non 

driveway (2 crashes/year) is greater than FI for single vehicle and multiple vehicle 

driveway (1 crashes for both of them). The predicted PDO for multiple vehicle   

non driveway (6 crashes/year) is greater than PDO for single vehicle as well as 

for multiple vehicle driveway (1 and 2 crashes/year respectively). In addition, the 

observed crashes FI (9 crashes/year) is less than the PDO observed crashes (18 

crashes/year). The summation of predicted FI for these collision types is less than 

the FI for observed crashes. And the summation of predicted PDO is less than the 

observed PDO crashes. 
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 Figure 4-44 : Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

Table 4-24 shows the individuals CMFs, and the combined CMF: 

Table 4-24: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.446 On street parking CMF1 

1.500 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

2.002 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking increases the crash rate by 45%. The existence 

of a roadside fixed object also increases potential crashes by 50%. The existence 

of median width decreases potential crashes by 1%. The presence of lighting 

decreases the potential crashes by 9%. No automated speed enforcement exists in 

this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision is presented in table 4-25: 

Table 4-25 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.109 0.416 

 

On this basis, the expected number of crashes is 22.442 crashes/year. Table 4-26 

illustrates the expected number of crashes compared to the observed crashes: 
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Table 4-26: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

27 23 
Since observed crashes > expected crashes, 

then this segment needs safety improvement 

 

Discussion  

 The total predicted number of crashes at this segment is (10.948 crashes/year). 

After considering the combined CMF, the expected number of crashes at this 

segment is (21.917 crashes/year or nearly 15.0 crashes/year). Then the total 

expected number of crashes is found to be (22.442 crashes/year). Comparing the 

expected crashes with observed crashes (27 crashes/year), which is greater than 

the number of expected crashes, it can be concluded that the safety condition of 

the segment is critical and needs to be improved.  

The Proposed Safety Countermeasures 

The selection of countermeasures is proposed due to the problems in Sarhaldan 

segment. Many collisions, injuries and related casualties are due to traffic speed 

at Sarhaldan segment. So, implement Automated speed enforcement camera on 

this road may reduce collisions and traffic speed, and improve road safety. The 

second problem is the poor of lighting. There was the problem of nighttime 

lighting which has a significant potential to improve road safety and lower the 

severity of accidents, particularly those that killed or serious injury.  

1-    Implementing automated speed enforcement cameras.   

2-    Installing lighting. 

The combined CMF = 0.3128, N final = 9.0 crashes/year 

Figure 4-45 shows that the number of crashes dramatically decreased from 27 

crashes/year to 9 crashes/year after applying the safety countermeasures. The 

percentage reduction of the crashes is 67%, which is considered a good outcome. 
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Figure 4-45:Observed Crashes Before and After Applying Countermeasures 

9- Shahidan Segment 

 The traffic data and all the information of this segments are available in appendix 

C (from table C-30 to table C-33) and figure B-9. 

It can be observed from figure 4-46 that 2017 has the highest number of crashes 

which is 17 crashes/year, and lowest number of crashes was in 2018. The number 

of crashes fluctuated from 2017 to 2019. 

 

Figure 4-46: Observed Vehicle Crashes at Shahidan Segment 

It can be seen from figure 4-47 that the multiple non-driveway collisions are 

higher than the predicted number of crashes from single and multiple vehicle 

driveway collision. However, it can be seen that the FI and PDO from single-

vehicle as well as FI and PDO for multiple vehicle driveway are both clearly less 

than the multi-vehicle non driveway collisions. 
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Figure 4-47:Predicted Number of Crashes for Different Collision Types at Sarhaldan Segment 

Figures 4-48 and 4-49 present the results for predicted FI and PDO for the 

collision types. The predicted PDO for multiple vehicle non driveway is 2.0 

crashes/year is greater than PDO for the two collision types, and there is no FI for 

both single and multiple vehicle driveway collisions. The summation of predicted 

FI (1.0 crashes/year is less than the FI for observed crashes (5 crashes/year)).  

Also, the summation of predicted PDO (4 crashes/year) is less than the observed 

PDO crashes (10 crashes/year).   

 

Figure 4-48: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway 
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Figure 4-49 : Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are illustrated in table 4-27: 

Table 4-27: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.620 On street parking CMF1 

2.189 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

3.274 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking increase the crash rate by 62%. The existence 

of a roadside fixed object dramatically increases potential crashes. But the 

existence of median width and of lighting decreases the potential crashes by 1% 

and 9% respectively. There is no automated speed enforcement in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision are presented in table 4-28: 

Table 4-28 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.057 0.216 

 

On this basis, the expected number of crashes is 11.623 crashes/year, and 

compared with the observed crashes as in table 4-29: 

Table 4-29:Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

15 12 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 
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Discussion  

 The total predicted number of crashes at this segment is (3.467crashes/year).   

Applying this combined CMF, the expected number of crashes at this segment is 

(11.35 crashes/year or nearly 12.0 crashes/year). As such, the total expected 

number of crashes is found to be (11.623 crashes/year). This number must be 

compared to the observed (actual) crashes, which is (15 crashes/year) which is 

greater than the number of expected crashes. It can be concluded that the safety 

condition of the segment is critical.   

The Proposed Safety Countermeasures 

The selection of countermeasures is proposed due to the problems in Shahidan 

segment. Many collisions, injuries and related casualties are due to problems in 

road surface. So to improve the safety at the segment, the strategy involves 

upgrading existing markings from standard marking materials to wet-reflective 

markings, which may be applied as a paint, tape, or thermoplastic material. These 

markings are designed to provide an improved level of retro-reflectivity during 

wet road surface conditions. The other problem is with in the lane width, and 

many crashes at segment is due to the width of the lane. To improve the safety at 

the segments, the countermeasure of increase the lane width is proposed. Increases 

lane width is based on the premise that wider lanes reduce the consequences of 

driver deviations from their intended path. The two safety countermeasure 

proposed are: 

1-   Upgrading existing markings to wet-reflective pavement markings. 

2-   Increasing lane width.   

Combined CMF = 0.6386, N final = 10.0 crashes/year 
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As it is illustrated in the figure 4-50, the observed numbers of crashes decreased 

from 15 to 10 crashes/year after applying the safety countermeasures. The 

percentage reduction of crashes is 34% which is an encouraging outcome. 

  

 

 

 

 

 

Figure 4-50:Observed Crashes Before and After Applying Countermeasures 

10- Raza Segment (Silav Roadway) 

The collected traffic data and general information are provided in appendix C 

(from table C-34 to C-37) and figure B-10 in appendix B.   

Figure 4-51 demonstrates that 2017 has the highest number of crashes, namely 16 

crashes/year, and 2018 and 2019 have the same number of crashes, namely 13 

crashes/year. 

 

Figure 4-51:Observed Vehicle Crashes at the Roadway Segment 
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multiple vehicle driveway collision. FI and PDO from single-vehicle as well as FI 

and PDO for multiple vehicle driveway are less than the multi-vehicle non 

driveway collisions. 

 

  

 

  

 

 

 

 

 

 

Figure 4-52:Predicted Number of Crashes for Different Collision Types at Raza Segment 

As it is evident from figures 4-53 and 4-54 that the observed crashes FI are less 

than the PDO observed crashes, and the total predicted FI (4 crashes/year) are less 

than the FI for observed crashes. Moreover, the total predicted PDO (7 

crashes/year) are less than the observed PDO crashes (8 crashes/year).   

 
 
 

Figure 4-53: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway  
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Figure 4-54: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are illustrated in table 4-30: 

Table 4-30:The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.475 On street parking CMF1 

1.607 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

2.188 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking increases the crash rate by 48%. The existence 

of a roadside fixed object dramatically increases potential crashes by 61%. Also 

the existence of median width increases potential crashes by 1%. The presence of 

lighting decreases the potential crashes by 9%. There is no presence of automated 

speed enforcement in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision are illustrated in table 4-31: 

Table 4-31 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.056 0.214 

 

As such, the expected number of crashes is equal to 11.521 crashes/year and 

compared with the observed crashes in table 4-32: 
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Table 4-32:Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

14 12 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion  

 The total predicted number of crashes at the segment is seen to be (5.142 

crashes/year). The combined CMF is found to be 2.118. Then the expected 

number of crashes at this segment is (11.251 crashes/year or nearly 12.0 

crashes/year). Then the total expected number of crashes is found to be (12 

crashes/year). This number must be compared to the observed (actual) crashes, 

which is (14 crashes/year) which is greater than the number of expected crashes. 

We conclude that the safety condition of the segment is critical and needs to be 

improved.  

The Proposed Safety Countermeasures 

The selection of countermeasures is proposed due to the problems in Raza 

segment. Many collisions, injuries and related casualties are due to traffic speed. 

So, implement Automated section speed enforcement camera on this road may 

reduce collisions and traffic speed, and improve road safety. Pavement markings 

in advance of horizontal curves in Raza segment does not provide highly 

conspicuous, supplementary warning information and the potential to increase 

safety. The pavement markings are especially important for reducing speeds at 

curve locations where signs have proved ineffective. 

1- Installing automated section speed enforcement system on curves.   

2- Installing in-lane curve warning pavement markings.   

The Combined CMF = 0.3511  

N final = 5.0 crashes/year 
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Figure 4-55 illustrates that the observed number of crashes has dramatically 

decreased from 14 to 5 crashes/year after applying the safety countermeasures. 

The reduction of the crashes (65%) has encouraging outcome. 

 

 

 

 

 

 

Figure 4-55:Observed Crashes Before and After Applying Countermeasures 

11- Silav Segment (Silav Roadway) 

Like other segments all the collected traffic data and general information are 

provided in appendix C (from table C-38 to C-41) and figure B-11.   

It can be noticed from figure 4-56 that 2017 has the highest number of crashes 

which is 20 crashes/year. The lowest number of crashes occurred in 2018, namely 

13 crashes/year. 

 

 

 

 

 

 

 

 

 

Figure 4-56:Observed Vehicle Crashes at Silav Segment 
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Figure 4-57 illustrates that the multiple non-driveway collisions are higher than 

the predicted number of crashes from single-vehicle collisions and multiple 

vehicle driveway collision. FI and PDO from single-vehicle as well as FI and PDO 

for multiple vehicle driveway are less than the multi-vehicle non driveway 

collisions. 

 

 

 

 

 

 

Figure 4-57: Predicted Number of Crashes for Different Collision Types at Raza Segment 

Figures 4-58 and 4-59 show that the total predicted FI (4 crashes/year) is less than 

the FI for observed crashes (7 crashes/year), and the summation of predicted PDO 

(5 crashes/year) is less than the observed PDO crashes (10 crashes/year). 

 

 

Figure 4-58: Observed Vehicle Crashes and Predicted FI and PDO for Multiple Vehicle non  Driveway 
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Figure 4-59: Predicted FI and PDO for Single Vehicle Crashes and for Multiple Vehicle Driveway 

The individual and combined CMFs are calculated in table 4-33 below: 

Table 4-33: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

1.489 On street parking CMF1 

1.754 Roadside fixed object CMF2 

1.01 Median width CMF3 

0.914 Lighting  CMF4 

1.00 Automated speed enforcement CMF5 

2.411 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of on street parking increases the crash rate by 49%. The existence 

of a roadside fixed object dramatically increases potential crashes by 75%. Also 

the existence of median width increases potential crashes by 1%. The presence of 

lighting decreases the potential crashes by 9%. There is no presence of automated 

speed enforcement in this segment. 

The expected number of crashes for vehicle bicycle collision and vehicle 

pedestrian collision are presented in table 4-34: 

Table 4-34 : Predicted Number of Crashes for Vehicle Bicycle Collision and Vehicle Pedestrian Collison 

Vehicle- bicycle collision 

 crashes/year 

Vehicle –pedestrian collision 

Crashes/year 

0.065 0.247 

 

Then the expected number of crashes is equal to 13.327 crashes/year. Comparing 

expected number of crashes with observed crashes is presented in table 4-35 

below: 
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Table 4-35: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

17 14 
Since observed crashes > expected crashes, 
then this segment needs safety improvement 

 

Discussion  

The total predicted number of crashes at this segment is (5.398 crashes/year). The 

combined CMF is found to be 2.411. As such, the expected number of crashes at 

this segment is (13.014 crashes/year or nearly 13.0 crashes/year). This means that 

there is no effect of it. Then the total expected number of crashes is found to be 

(14 crashes/year). This number must be compared to the observed (actual) 

crashes, which is (17 crashes/year) which is greater than the number of expected 

crashes. in can be concluded that the safety condition of this segment is critical 

and needs to be improved.  

The proposed safety countermeasure 

The problem of Silav segment is on pavement marking and there is no significant 

information to road users and there is no communicate regulations, instructions, 

or warnings. So pavement markings used consistently across the state to improve 

roadway safety and effectiveness. Also recent data analysis shows that many 

crashes and fatal crashes occur at silav road is because of high speed, so propose 

the countermeasure of fixing15% reduction in mean speed might be the solution 

of the problem.  

1- Installing distance markers on roadway segments.   

2- Fixing15% reduction in mean speed.    

The Combined CMF = 0.3432  

N final = 6.0 crashes/year 
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Figure 4-60 shows that the observed crashes decreased from 17 crashes/year to 

6.0 crashes/year after applying the safety countermeasures. The % reduction of 

crashes is 65% which is an encouraging outcome. 

 

 

 

 

 

 

Figure 4-60:Observed Crashes Before and After Applying Countermeasures 

4.2.2 Assessing the Safety of Road Intersections 

The intersection selected for the study are according to the following: 

1)    Zari land Intersection 

The collected traffic data and general information about the intersection are 

presented in table 4-36 and in appendix D (from table D-1 to D-3) as well as 

appendix B (from figure B-12 to B-14).  

Table 4-36 : General Information about Zari land Intersection 

Input Data Site Conditions 

Intersection type   
4SG (4-leg signalized 

intersection) 

AADT major (veh/day) 28,842 

AADT minor (veh/day) 25,833 

Intersection lighting (present/not present) Present 

Calibration factor, Ci 1 

Number of approaches with left-turn lanes (0,1,2,3,4)  4 

Number of approaches with right-turn lanes (0,1,2,3,4)  4 

Number of approaches with left-turn signal phasing  4 

Type of left-turn signal phasing for Leg #1 Protected 

Type of left-turn signal phasing for Leg #2 Protected 

Type of left-turn signal phasing for Leg #3 Protected 

Type of left-turn signal phasing for Leg #4   Protected 

Number of approaches with right-turn-on-red prohibited  0 

Intersection red light cameras (present/not present) Present 
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Figure (4-61) shows the observed vehicle crashes, and the severity level of these 

crashes at Zari land intersection for the years between (2017- 2019). It can be 

observed that the number of crashes slightly increased from the year 2017 to the 

year 2019, as the year 2019 has more crashes than other years. 

 

 

 

 

 

 

 

 

Figure 4-61 : Observed Crashes at Zari land Intersection. 

 The HSM predictive method for predicting average crash frequency on a 

particular urban or suburban arterial roadway intersections is used below. The 

equations and tables used in the predictive method are available in the HSM. The 

tables required for the analysis of the segments (from table 11 to table 17) are 

provided in appendix D.  

Figure 4-62 demonstrates the predicted number of crashes from multiple-vehicle 

non-driveway collisions and single collisions. It can be seen that the multiple non-

driveway collisions (10.331 crashes/year) are much higher than the predicted 

number of crashes from single-vehicle collisions (0.617 crashes/year). The fatal-

injury number (FI) from multiple-vehicle non-driveway collisions is (3.343 

crashes/year), and the property-damage only (PDO) is (6.857 crashes/year).  

However, we can see that the FI from single-vehicle collision is (0.154 

crashes/year)) and the PDO is 0.463 crashes/year, a number which is clearly less 

than the multiple-vehicle non-driveway collisions. 
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Figure 4-62: Predicted Number of Crashes for Different Collision Types and Severities at Zari Land Intersection   

Figures 4-63 and 4-64 present the predicted FI and PDO for multiple vehicle and 

single vehicle crashes as well as observed vehicle crashes. The predicted FI for 

multiple vehicle is nearly 4 crashes which is higher than FI for single vehicle that 

is nearly equal to 1.0 crash. The same applies to the predicted PDO for multiple 

vehicle which is greater than the PDO for single vehicle (nearly 7 and nearly 1 

respectively). In addition, the observed crashes FI is less than the PDO observed 

crashes which is equal to 5 (42%) and 7 (58%) respectively.  The total number of 

predicted crashes is equal to the FI for observed crashes. Moreover, the 

summation of predicted PDO equals 8 crashes which is approximately close to 

the observed PDO crashes.  

 

Figure 4-63 : Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 
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The individual and combined CMFs are calculated using the appropriate formulae 

and tables in the HSM. All the information about these CMF is provided in table 

4-36, and these data are applied to appropriate equations provided in HSM to 

determine the CMF value for the different CMF as illustrated in table 4-37. All 

the factors used to determine the CMF are provided by table 10 to table 13 in 

appendix D. 

Table 4-37: Individuals and Combined CMF 

CMF Value CMF Name CMF Number 

0.66 Intersection Left-Turn Lane CMF1 

0.781 Intersection Left-Turn Signal Phasing CMF2 

0.85 Intersection Right-Turn Lanes CMF3 

1.00 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.012 Red-Light Cameras CMF6 

0.404 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

It can be realized that the existence of left turn lanes at all approaches can 

positively decrease the potential crashes at the intersection by 34%. The existence 

of lighting system can positively decrease the potential crashes by 9%. But the 

existence of red-light cameras increases potential crashes because of the concerns 

that red light cameras usually scare drivers (who want to avoid a ticket) into more 

sudden stops, which may increase the risk of rear-end collisions at the 

intersection. The Intersection Left-Turn Signal Phasing, Intersection Right-Turn 

Lanes can decrease crashes by 22%,15% respectively. 
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Figure 4-64: Observed Crashes FI and Observed Crashes PDO 
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The expected number of crashes at this intersection is determined using equation 

(3.9) in chapter three. As such, the expected number of crashes equals 4.422 

crashes/year. The expected number of crashes at the intersection should be 

compared to the observed crashes recorded at the site as shown in table 4-38 

below: 

Table  4-38 : Expected Number of Crashes and the Observed Crashes at Intersection. 

Observed crashes Expected crashes Conclusion 

12 5 
Since observed crashes > expected crashes, then this 

intersection needs safety improvement 

 

Discussion  

Since the observed number of crashes (12) is greater than the expected number of 

crashes, it may be due to high traffic volume (AADT which may be near max 

value) or because of its location that attracts multiple links traffic. Even with 

applying left turn and right turn approaches, the intersection suffers from high 

crash rate. This necessitates safety improvement. Then it can be concluded that 

the safety condition at the intersection is critical and there is a need to improve 

the intersection safety. The total predicted number of crashes at this intersection 

(from both multi-vehicle and single-vehicle) is seen to be (10.948 crashes/year). 

The combined CMF is found to be 0.404. Applying this combined CMF, the 

expected number of crashes at the intersection is (4.422 crashes/year or nearly 5.0 

crashes/year). The total expected number of crashes is found to be (5.0 

crashes/year). This number must be compared to the observed (actual) crashes, 

which is (12 crashes/year). Since the number of the observed crashes is greater 

than the number of expected crashes. it can be concluded that the safety condition 

of the intersection is critical and needs to be improved. This implies that the 

intersection has some safety problems that need to be fixed to increase the safety 

at this intersection; a procedure that would reduce the numbers of crashes. On this 

basis, some countermeasures are suggested for safety improvement including the 

use of CMF clearinghouse website.  
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The Proposed Safety Countermeasures 

There is some problem in the intersection that need to be addressed in order to 

improve the safety at the intersection. The first problem is that the greatest number 

of vehicles flow through the intersection with greatest number of stops which in 

turn increase the number of accidents at the intersection, as well as increase travel 

time. So the propose is coordinating the Traffic Signals of the Intersections along 

the Major Road. The goal of coordination is to get the greatest number of vehicles 

through the system with the fewest stops in a comfortable manner. It would be 

ideal if every vehicle entering the system could proceed through the system 

without stopping. The second problem is the visibility of signal. Inattentive or 

distracted drivers may not see the signal in time to stop for a red light, and drivers 

in a hurry may speed up to make it through a yellow light. Also older and color 

vision-deficient (colorblind) drivers may miss signals or be unable to interpret 

them correctly. The final problem is the speed, and to enhance the safety at the 

intersection the countermeasure of Automated Speed Camera should be 

implemented. 

1. Coordinating the Traffic Signals of the Intersections along the Major Road.  

2. Improving the signal visibility. 

3.       Installing Automated Speed Camera at Signalized Intersection.   

The combined CMF = 0.521, N final = 7.0 crashes/year. 

 Figure 4-65 shows the observed crashes before applying the proposed CMFs, and 

the final crashes after applying the proposed CMFs. As it is illustrated in the figure 

the observed numbers of crashes dramatically decreased from 12 crashes/year to 

7 crashes/year after applying the safety countermeasures. The reduction of the 

crashes is 42% which is an extremely encouraging outcome.  
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Figure 4-65:Observed Crashes Before and After Applying Countermeasures 

2) Binavi 1 intersection 

The collected traffic data and general information about the intersection are illustrated 

in appendix D (from table D-4 to D-7) and appendix B (figure B-15 to B-17). 

Figure 4-66 shows the observed vehicle crashes at Binavi 1 intersection for the 

years between (2017- 2019).  It can be observed that the number of crashes 

slightly decreased from the year 2017 to the year 2019. 

 

Figure 4-66: Observed Vehicle Crashes at Binavi 1 Intersection 

Figure 4-67 demonstrates that the multiple non-driveway collisions (11.496 

crashes/year) are much higher than the predicted number of crashes from single-

vehicle collisions (0.538 crashes/year).   However, it can be seen that the FI from 
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 single-vehicle collision is (0.155 crashes/year) and the PDO is 0.383 crashes/year 

which is clearly less than the multiple-vehicle non-driveway collisions (8.15 

crashes/year). 

 

  

 

 

 

 

 

 

 

Figure 4-67:Predicted Number of Crashes for Different Collision Types at Binavi 1 Intersection 

Figures 4-68 and 4-69 show that the multiple vehicle non driveway has the greater 

number of crashes, namely (12 crashes/year for both FI and PDO) which is much 

higher than the crashes for single vehicle (2 crashes/year for FI and PDO). In 

addition, the observed crashes FI is less than the PDO observed crashes. The total 

number of predicted FI for both collision types (5 crashes/year) is greater than FI 

for observed crashes. Moreover, the summation of predicted PDO (9 crashes/year) 

is greater than observed PDO (8 crashes/year). 

  

Figure 4-68: Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 
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Figure 4-69: Observed Crashes FI and Observed Crashes PDO 

The individual and combined CMFs are calculated in table 4-39:  

Table 4-39:The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.86 Intersection Left-Turn Lane CMF1 

0.884 Intersection Left-Turn Signal Phasing CMF2 

0.92 Intersection Right-Turn Lanes CMF3 

0.98 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.034 Red-Light Cameras CMF6 

0.646 CMF1 * CMF2* ……* CMF6 Combined CMF 

  

For the CMF, it could be noticed that the existence of left turn lanes at two 

approaches can positively decrease potential crashes at the intersection by 14%. 

The Intersection Left-Turn Signal Phasing, Intersection Right-Turn Lanes and 

Right-Turn on Red can decrease crashes by 12%,8% and 2% respectively. The 

existence of lighting system can positively decrease crashes by 9%. But the 

existence of red-light cameras increases potential crashes. 

The expected number of crashes at this intersection is then determined and is equal 

to 7.774 crashes/year. The expected number of crashes compared to the observed 

crashes is presented in table 4-40 below: 

Table 4-40: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

13 8 
Since observed crashes > expected crashes, then 

this intersection needs safety improvement 
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Discussion 

The total predicted number of crashes at this intersection (from both multi-vehicle 

and single-vehicle) is determined to be (12.034 crashes/year). The combined CMF 

is found to be 0.646. As such, the expected number of crashes at the intersection 

is (7.774 crashes/year or nearly 8.0 crashes/year). The total expected number of 

crashes is found to be (8 crashes/year). Compared to the observed (actual) crashes, 

which is (13 crashes/year. It can be concluded that the safety condition of the 

intersection is critical and needs to be improved.   

 Proposed safety countermeasures  

The selected countermeasures depend on the nature of crashes at the intersection. 

The problem of signal visibility which increase the number of crashes, and to 

improve the safety the countermeasure of improving the signal visibility is 

proposed to increase drivers' awareness of traffic signals, it's important to install 

highly visible, conspicuous borders. Brighter sheeting materials will attract 

drivers' attention sooner, giving them more time to notice and react to the signal. 

Also, according to data from traffic police that many crashes at the intersection is 

right angle and rear-end crashes, because of the conflict between a driver’s desire 

to comply with a signal indication and the encountered constraints. So the solution 

is to propose an actuated advance warning dilemma zone protection system at 

high-speed signalized intersections.  Furthermore, the problem of traffic flow at 

the intersection cause congestion as well as vehicle crashes, so in order to improve 

the safety and saving time the countermeasure of Converting Binavi 1 intersection 

into a continuous green T intersection. 

1- Improving signal visibility, including signal lens size upgrade, installation 

of new back-plates, addition of reflective tapes to existing back-plates, and 

installation of additional signal heads.    
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2- Installing of an actuated advance warning dilemma zone protection system 

at high-speed signalized intersections.   

3- Converting a T intersection into a continuous green T intersection. 

The combined CMF is = 0.4499, N final = 6.0 crashes/year 

 Figure 4-70 shows that the observed numbers of crashes decreased from 13 

crashes/year to 6.0 crashes/year after applying the safety countermeasures. The % 

reduction of crashes is 54% which means that this countermeasure has a positive 

effect on the intersection and will enhance the safety by reducing the number of 

crashes. 

 

 

 

 

 

Figure 4-70: Observed Crashes Before and After Applying Countermeasures 

3)    Chamber of Commerce intersection 

The collected traffic data and general information about this intersection are 

illustrated appendix D (from table D-8 to D-11) and appendix B (figure B-18 to 

B-20). 

Figure 4-71 shows that the number of crashes fluctuated from the year 2017 to the 

year 2019. For 2017 and 2019 the number of crashes are the same, namely 7 

crashes/year.   
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Figure 4-71: Observed Vehicle Crashes at Chamber of Commerce Intersection 

Figure 4-72 demonstrates that the greater number of crashes is for the multiple 

non-driveway collisions (5.284 crashes/year) which is higher than the predicted 

number of crashes from single-vehicle collisions (0.197 crashes/year). It can be 

seen that the FI and PDO from single-vehicle collision is clearly less than the 

multiple-vehicle non-driveway collisions. 

 

 

 

 

 

 

 

 

 

Figure 4-72: Predicted Number of Crashes for Different Collision Types at Chamber of Commerce Intersection 

Figures 4-73 and 4-74 show that the total number of predicted FI (3crashes/year) 

is equal to the FI for observed crashes (3 crashes/year). Moreover, the summation 

of predicted PDO (5 crashes/year) is also equal to the observed PDO (5 

crashes/year). 
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Figure 4-73 : Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 

 

 

 

 

 

 

 

Figure 4-74: Observed Crashes FI and Observed Crashes PDO 

The individual and combined CMFs are calculated in table 4-41:  

Table 4-41:  The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.86 Intersection Left-Turn Lane CMF1 

0.884 Intersection Left-Turn Signal Phasing CMF2 

0.96 Intersection Right-Turn Lanes CMF3 

0.98 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.037 Red-Light Cameras CMF6 

0.676 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

For the CMF, it could be noticed that the existence of left turn lanes at the two 

approaches can positively decrease potential crashes at the intersection by 14%. 

The Intersection Left-Turn Signal Phasing, Intersection Right-Turn Lanes and 

Right-Turn on Red can decrease crashes by 12%, 4% and 2% respectively. The 

existence of lighting system can positively decrease crashes by 9%. But the 

existence of red-light cameras increases potential crashes. 

The expected number of crashes at the intersection is equal to 3.705 crashes/year 

and is compared to the observed crashes in table 4-42 below: 
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Table 4-42: Expected Number of Crashes and the Observed Crashes at Intersection  

Observed crashes Expected crashes Conclusion 

8 4 
Since observed crashes > expected crashes, then 

this intersection needs safety improvement 

 

Discussion  

The total predicted number of crashes at this intersection is determined to be 

(5.481 crashes/year). The combined CMF is found to be 0.676. as a results, the 

expected number of crashes at the intersection is (3.705 crashes/year or nearly 4.0 

crashes/year).   Total expected number of crashes is found to be (4.0 crashes/year). 

Compared to the observed (actual) crashes, which is (8 crashes/year. It can be 

concluded that the safety condition of the intersection is critical and needs to be 

improved.   

Proposed safety countermeasures  

There are many problems at the intersection that need to be addressed. The first 

problem is that also the greatest number of vehicles flow through the intersection 

with greatest number of stops which in turn increase the number of accidents at 

the intersection, as well as increase travel time. So the propose is coordinating the 

Traffic Signals of the Intersections along the Major Road. Moreover, the problem 

of pavement markers which is not provide to define boundaries for traffic lanes. 

So to improve the safety at this intersection, Raised Pavement Markers (RPMs) is 

proposed. RPMs typically include a plastic lens that reflects vehicle lights epoxied 

to the pavement surface. The raised marker causes better light reflectivity and 

additionally causes a vehicle to vibrate if the vehicle wanders. 

1. Coordinating the Traffic Signals of the Intersections along the Major Road.   

2-   Installing Raised Pavement Markers.   

The combined CMF is equal to 0.711 
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N final = 6.0 crashes/year 

Figure 4-75 shows that the observed number of crashes decreased from 8 

crashes/year to 6 crashes/year after applying the safety countermeasures. The 

percentage reduction of crashes is 25% which mean that this countermeasure has 

a positive effect on the intersection and will enhance the safety by reducing the 

number of crashes. 

 

 

 

 

 

 

 

Figure 4-75: Observed Crashes Before and After Applying Countermeasures 

4) Chira intersection 

Traffic data and general information about the intersection are available in 

appendix D (table D- 12 to D-15) and appendix B (figure B-21 to B-23). 

Figure 4-76 shows that the number of crashes slightly decreased in the year 2017 

(10 crashes/year) compared to the year 2019 (7 crashes/year).  The same number 

of crashes, namely 10 crashes/year occurred in 2017 and 2018. 
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Figure 4-76: Observed Vehicle Crashes at Chira Intersection 

Just like other intersections, Figure 4-86 demonstrates that the multiple vehicle 

non driveway collision has the greater number of crashes, namely (5.722 

crashes/year). Also the FI and PDO for multiple vehicle are greater than FI as well 

as PDO for single vehicle crashes.   

 

 

  

  

 

 

 

 

 

 

 

Figure 4-77: Predicted Number of Crashes for Different Collision Types at Chira Intersection 

Figures 4-78 and 4-79 show that the total number of predicted FI (3 crashes/year) 

is equal to the FI for observed crashes. However, the summation of predicted PDO 

(5 crashes/year) is less than the observed PDO crashes (6 crashes/year). 
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Figure 4-78: Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 

 

 

 

 

 

 

 

 

 

 

Figure 4-79: Observed Crashes FI and Observed Crashes PDO 

The individual and combined CMFs are calculated in table 4-43:  

Table 4-43: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.86 Intersection Left-Turn Lane CMF1 

0.884 Intersection Left-Turn Signal Phasing CMF2 

1.0 Intersection Right-Turn Lanes CMF3 

0.96 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.036 Red-Light Cameras CMF6 

0.689 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of left turn lanes at the two approaches can positively decrease 

potential crashes at the intersection by 14%. The Intersection Left-Turn Signal 

Phasing and Right-Turn on Red can decrease crashes by 12%, and 4% 

respectively. The existence of lighting system can positively decrease crashes by 

9%. But the existence of red-light cameras increases potential crashes. The 

expected number of crashes at this intersection is seen to be equal to 4.20 

crashes/year. 
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The expected number of crashes at this intersection is seen to be equal to 4.20 

crashes/year. The expected number of crashes compared to the observed crashes 

is presented in table 4-44 below: 

Table 4-44: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

9.0 5.0 
Since observed crashes > expected crashes, 

then this intersection needs safety improvement 

 

Discussion 

The total predicted number of crashes at the intersection is determined to be 

(6.065 crashes/year). The combined CMF is found to be 0.689. As such, the 

expected number of crashes at the intersection is (4.20 crashes/year or nearly 5.0 

crashes/year). The total expected number of crashes is found to be (5 

crashes/year). Compared to the observed (actual) crashes, which is (9 

crashes/year), it can be concluded that the safety condition of the intersection is 

critical and needs to be improved.  

Proposed safety countermeasures  

Many crashes at this intersection is because of the traffic signal. At the 

intersection, there was a problem of right-angle crashes, because red light 

operation is the leading cause of serious accidents at Chira intersection, so to 

improve the safety the countermeasure of Increasing All Red Clearance Interval 

is proposed. Furthermore, the problem of red-light running was present at the 

intersection which increase the number of crashes. Because red light operation is 

the leading cause of serious accidents at Chira intersection, the yellow change 

interval must be appropriately synchronized. Appropriately timed yellow change 

intervals can reduce red-light running and improve overall intersection safety.   

1-   Increasing All Red Clearance Interval.   

2- Increasing Yellow Change Interval.   
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The combined CMF is = 0.7453, N final = 7.0 crashes/year 

Figure 4-80 shows that the observed numbers of crashes decreased from 9 

crashes/year to 7 crashes/year after applying the safety countermeasures. The 

reduction of the crashes is 23% which means that this countermeasure has a 

positive effect on the intersection and will enhance the safety by reducing the 

number of crashes. 

 

 

 

 

 

 

 

Figure 4-80:Observed Crashes Before and After Applying Countermeasures 

5) Diyari intersection 

The collected traffic data and general information about this intersection are 

illustrated in appendix D (table D-16 to D-19) and figure B-24 to B-26. 

Figure 4-81 shows that the number of crashes fluctuated from the year 2017 to the 

year 2019, and the greater number of crashes occurred in 2018, which is 8 

crashes/year. 

 

Figure 4-81: Observed Vehicle Crashes at Diyari Intersection 
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Like other intersections, figure 4-82 demonstrates that the multiple vehicle non 

driveway has the greatest number of crashes (3.802 crashes/year) which is much 

higher than total predicted number of single vehicle (0.187 crashes/year). Also, 

FI and PDO for the multiple vehicles are higher than those for single vehicles. 

 

 

 

 

 

 

 

 

 

Figure 4-82: Predicted Number of Crashes for Different Collision Types at Diyari Intersection 

Figures 4-83 and 4-84 show that the total number of predicted FI (2 crashes/year) 

is equal to the FI for observed crashes. Also, the summation of predicted PDO (4 

crashes/year) is equal to the observed PDO crashes. 

 

 

Figure 4-83: Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 
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Figure 4-84: Observed Crashes FI and Observed Crashes PDO 

The individual and combined CMFs are calculated in table 4-45:  

Table 4-45: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.86 Intersection Left-Turn Lane CMF1 

0.884 Intersection Left-Turn Signal Phasing CMF2 

0.92 Intersection Right-Turn Lanes CMF3 

1.0 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.032 Red-Light Cameras CMF6 

0.658 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of left turn lanes at two approaches can positively decrease potential 

crashes at the intersection by 14%. The Intersection Left-Turn Signal Phasing and 

Intersection Right-Turn Lanes can decrease crashes by 12%, 8% respectively. The 

existence of lighting system can positively decrease crashes by 9%. But the 

existence of red-light cameras increases potential crashes. 

The expected number of crashes at this intersection is determined to be equal to 

2.625 crashes/year. The expected number of crashes compared to the observed 

crashes is presented in table 4-46 below: 

Table 4-46: Expected Number of Crashes and the Observed Crashes at Intersection. 

Observed crashes Expected crashes Conclusion 

6.0 3.0 
Since observed crashes > expected crashes, 

then this intersection needs safety improvement 
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Discussion 

The total predicted number of crashes at this intersection is (3.989 crashes/year). 

The combined CMF is found to be 0.658. As such, the expected number of crashes 

at the intersection is (2.625 or 3.0 crashes/year). The total expected number of 

crashes is found to be (3.0 crashes/year).   Compared to the observed (actual) 

crashes, which is (6 crashes/year). It can be concluded that the safety condition of 

the intersection is critical and needs to be improved.  

The proposed safety countermeasures 

Actually there are problems founded at this intersection. The first one, is the lack 

of pavement marking which can cause moments of uncertainty in determining the 

proper route to take such as, directs traffic, enforces speed regulations, establishes 

parking regulations, marks areas of pedestrian crossings, provides lane 

boundaries, guides turning points, and so much more, which in turn lead to traffic 

crashes. The other issue at the intersection was the lack of systemic visibility 

which causes many problems especially during the night time driving and lead to 

many severe crashes. To improve the safety at this location two safety counter 

measures are proposed. 

1- Marking pavement with additional warning signs. 

2- Implementing systemic signing and visibility improvements at signalized 

intersections.   

The combined CMF is 0.6881, N final = 4.0 crashes/year 

Figure 4-85 shows that the observed numbers of crashes decreased from 6 

crashes/year to 4 crashes/year. the reduction of the crashes is 34%. This means 

that this countermeasure has a positive effect on the intersection. 
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Figure 4-85: Observed Crashes Before and After Applying Countermeasures 

6) Mini Market Intersection 

The collected traffic data and general information about this intersection are 

illustrated in appendix D from table D-20 to D-23 and figure B-27 to B-29 in 

appendix B. 

Figure 4-86 shows that the number of crashes also fluctuated from the year 2017 

to the year 2019, and the greater number of crashes occurred in 2018, which is 11 

crashes/year. 

 

Figure 4-86: Observed Vehicle Crashes at Mini Market Intersection 

As illustrated in figure 4-87, the multiple vehicle non driveway also has the 

greatest number of crashes (7.458 crashes/year), which is much higher than total 

9

11

7

4
5

3

5
6

4

0

2

4

6

8

10

12

201720182019

c
r
a

sh
e
s 

n
u

m
b

e
r
/y

e
a

r

Observed Vehicle Crashes Crash Severity FI Crash Severity PDO

6

4

Observed Crashes before applying CMFs

Final Crashes after applying CMFs



139 

 

 
 

predicted number of single vehicle (0.385 crashes/year). Also, FI and PDO for the 

multiple vehicle are higher than those for single vehicle. 

 

  

 

 

 

 

Figure 4-87:Predicted Number of Crashes for Different Collision Types at mini Market Intersection 

Figures 4-88 and 4-89 show that the total number of predicted FI (4 crashes/year) 

is equal to the FI for observed crashes. Also the summation of predicted PDO (7 

crashes/year) is greater than the observed PDO crashes (5 crashes/year). 

 

Figure 4-88: Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 

 

 

 

 

 

 

 

Figure 4-89: Observed Crashes FI and Observed Crashes PDO 
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The individual and combined CMFs are calculated in table 4-47:  

Table 4-47: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.86 Intersection Left-Turn Lane CMF1 

0.884 Intersection Left-Turn Signal Phasing CMF2 

0.92 Intersection Right-Turn Lanes CMF3 

1.00 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.036 Red-Light Cameras CMF6 

0.660 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of left turn lanes at two approaches can positively decreases 

potential crashes at the intersection by 14%. The Intersection Left-Turn Signal 

Phasing and Intersection Right-Turn Lanes can decrease crashes by 12%, 8% 

respectively. The existence of lighting system can positively decrease crashes by 

9%. But the existence of red-light cameras increases potential crashes. 

The expected number of crashes at this intersection is then seen to be equal to 

5.176 crashes/year. The expected number of crashes compared to the observed 

crashes is presented in table 4-48 below: 

Table 4-48: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

9.0 6.0 
Since observed crashes > expected crashes, 

then this intersection needs safety improvement 

 

Discussion 

The total predicted number of crashes at this intersection is determined to be 

(7.843 crashes/year). The combined CMF is found to be 0.660. On the basis, the 

expected number of crashes at the intersection is (5.176 crashes/year or nearly 6.0 

crashes/year). Total expected number of crashes is found to be (6.0 crashes/year). 

Compared to the observed (actual) crashes, which is 9.0 crashes/year. It can be 

concluded that the safety condition of the intersection is critical.  
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Proposed safety countermeasures 

there are some problems with this intersection. The first one, is the speed, and 

many compliances is with speed limits, so many crashes at this intersection is 

because of the speed and to enhance the safety at the intersection the 

countermeasure of Automated Speed Camera should be implemented. The other 

problem is that also the greatest number of vehicles flow through the intersection 

with greatest number of stops which in turn increase the number of accidents at 

the intersection, as well as increase travel time. Therefore, two safety 

countermeasures are proposed to improve the safety at the intersection. 

1- Installing Automated Speed Camera at Signalized Intersection to Monitor 

the Speed Violation.   

2-     Coordinating the Traffic Signals of the Intersections along the Major Road.    

The combined CMF = 0.6004, N final = 6.0 crashes/year           

Figure 4-90 shows that the number of observed crashes decreased after applying 

the safety countermeasures. The reduction of crashes or the improvement is 34%. 

 

 

 

  

 

 

 

Figure 4-90:Observed Crashes Before and After Applying Countermeasures 

7)     Qazi Mohammad Intersection 

 Traffic data and general information about this intersection are available in 

appendix D from table D-24 to D-27 and figure B-30 to B-32 in appendix B. 
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Figure 4-91 shows that the number of crashes increased gradually from 5 

crashes/year in 2017 to 8 crashes/year in 2018 and 2019.  

Also figure 4-92 illustrates that the greatest number of crashes occurred for 

multiple vehicle non driveway, which is (6.45 crashes/year) and is greater than 

single vehicle (0.395 crashes/year). 

Figures 4-93 and 4-94 show that the total number of predicted FI (3 crashes/year) 

is greater than the FI for observed crashes (2 crashes/year). Also the summation 

of predicted PDO (6 crashes/year) is higher than the observed PDO (5 

crashes/year). 

 

Figure 4-91:  Observed Vehicle Crashes at Qazi Mohamad Intersection 

 

 

 

 

 

 

   

 

Figure 4-92: Predicted Number of Crashes for Different Collision Types at Qazi Mohamad  Intersection 
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Figure 4-93: Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 

 

 

 

 

 

 

 

Figure 4-94: Observed Crashes FI and Observed Crashes PDO 

The individuals and combined CMFs are calculated in table 4-49:  

Table 4-49: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.66 Intersection Left-Turn Lane CMF1 

0.781 Intersection Left-Turn Signal Phasing CMF2 

0.96 Intersection Right-Turn Lanes CMF3 

0.941 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.012 Red-Light Cameras CMF6 

0.429 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of left turn lanes at four approaches can positively decrease 

potential crashes at the intersection by 34%. The Intersection Left-Turn Signal 

Phasing, Intersection Right-Turn Lanes and Right-Turn on Red can also decrease 

crashes by 22%, 4% and 6% respectively. The existence of lighting system can 

positively decrease crashes by 9%. But the existence of red-light cameras 

increases potential crashes. 
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The expected number of crashes at this intersection is equal to 2.939 crashes/year. 

The expected number of crashes compared to the observed crashes is presented in 

table 4-50 below: 

Table 4-50: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

7.0 3.0 
Since observed crashes > expected crashes, 

then this intersection needs safety improvement 

 

 

Discussion 

The total predicted number of crashes at this intersection is (6.845 crashes/year). 

The combined CMF is found to be 0.429. As such, the expected number of crashes 

at this intersection is (3.0 crashes/year). The total expected number of crashes is 

found to be (3.0 crashes/year), Compared to the observed (actual) crashes, which 

is 7.0 crashes/year, it can be concluded that the safety condition of the intersection 

is critical.  

Proposed safety countermeasure 

There are many problems with this intersection. The first one, is the problem of 

traffic movement. The traffic flow is not smooth which cause many issues such 

as congestion as well as crashes and specifically right-angle crashes. The 

restricted crossing U-turn (RCUT) intersection is a promising treatment to 

mitigate right-angle crashes. In an RCUT, side-street (minor cross street) traffic 

is prohibited from turning left or traveling straight through the mainline 

intersection and improve the safety. The other issue at the intersection was the 

lack of systemic visibility which causes many problems especially during the 

night time driving and lead to many severe crashes. Retroreflective back 

plates reduce crashes by providing greater visibility and conspicuity of traffic 

signal heads, particularly at night and for drivers with vision limitations. To 

improve the safety at this location two safety counter measures are proposed 
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1- Converting the intersection to restricted crossing U-turn (RCUT) 

intersection. 

2- Adding 3-inch yellow retroreflective sheeting to signal back plates.   

The Combined CMF is equal to 0.357, then N final = 3.0 crashes/year 

Figure 4-95 shows that the number of observed crashes decreased after applying 

the safety countermeasures. Also, figure 4-108 present the reduction of crashes or 

the improvement which is 57%. 

 

  

 

 

 

 

Figure 4-95: Observed Crashes Before and After Applying Countermeasures 

8)  Jodi intersection 

 

The traffic data and general information about this intersection are available in 

appendix D from table D-28 to D-31 and figure B-33 to B-35 in appendix B. 

Figure 4-96 shows that the number of crashes fluctuated from 8 crashes/year to 

11 crashes/year. Also figure 4-97 illustrates that the greatest number of crashes 

occurred for multiple vehicle non driveway which is (7.226 crashes/year) and is 

greater than single vehicle (0.377 crashes/year). 

Figures 4-98 and 4-99 show that the total number of predicted FI (4 crashes/year) 

is greater than the FI for observed crashes (2 crashes/year). But the summation of 

predicted PDO is equal to the observed PDO crashes. 
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Figure 4-96: Observed Vehicle Crashes at Jodi Intersection 

  

 

 

 

 

 

 

 

Figure 4-97: Predicted Number of Crashes for Different Collision Types at Jodi  Intersection 

  

  

Figure 4-98: Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 
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Figure 4-99 : Observed Crashes FI and Observed Crashes PDO 

The individuals and combined CMFs are calculated in table 4-51:  

Table 4-51: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.86 Intersection Left-Turn Lane CMF1 

0.884 Intersection Left-Turn Signal Phasing CMF2 

0.96 Intersection Right-Turn Lanes CMF3 

0.98 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.037 Red-Light Cameras CMF6 

0.676 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of left turn lanes at two approaches can positively decrease potential 

crashes at the intersection by 14%. The Intersection Left-Turn Signal Phasing, 

Intersection Right-Turn Lanes and Right-Turn on Red can decrease crashes by 

12%, 4% and 2% respectively. The existence of lighting system can positively 

decrease crashes by 9%. But the existence of red-light cameras increases potential 

crashes. 

The expected number of crashes at this intersection is equal to 5.139 crashes/year. 

The expected number of crashes compared to the observed crashes is presented in 

table 4-52 below: 

Table 4-52: Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

8.0 6.0 
Since observed crashes > expected crashes, 

then this intersection needs safety improvement 

 

 

2

6

Observed Vehicle crashes

observed crashes

FI

Observed crashes

PDO



148 

 

 
 

Discussion  

The total predicted number of crashes at this intersection is (7.603 crashes/year). 

The combined CMF is found to be 0.676, then the expected number of crashes at 

the intersection is (5.139 crashes/year or nearly 6.0 crashes/year). The total 

expected number of crashes is found to be (6.0 crashes/year). Compared to the 

observed (actual) crashes, which is 8.0 crashes/year, it can be concluded that the 

safety condition of the intersection is critical.  

Proposed safety countermeasures 

Many crashes at Jodi intersection was because of traffic signal and the speed of 

vehicles. The safety countermeasures selected for the intersection are the signal-

warning flashers which are designed to alert drivers of forthcoming yellow signal 

indication at the intersection, giving them more time to adjust their speed 

accordingly.  This countermeasure is used to reduce the crash frequency and 

severity at high-speed signalized intersections. At this intersection, there was a 

problem of right-angle crashes, because red light operation is the leading cause of 

serious accidents at Jodi intersection, so to improve the safety the countermeasure 

of Increasing All Red Clearance Interval is proposed. 

1- Installing Dynamic Signal Warning Flashers.   

2- Increasing All Red Clearance Interval. 

Combined CMF is equal to 0.6496, N final = 6.0 crashes/year 

Figure 4-100 shows that the number of observed crashes decreased after applying 

the safety countermeasures.   The reduction of crashes or the improvement is 25%. 
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Figure 4-100:Observed Crashes Before and After Applying Countermeasures 

9) Tax intersection 

Traffic data and general information about this intersection are illustrated in 

appendix D from table D-32 to D-35 and figure B-35 to B-37 in appendix B.  

Figure 4-101 shows that the number of crashes also fluctuated from 15 crashes in 

2017 to 15 crashes/year in 2019.  

Figure 4-102 presents the results of multiple vehicle non driveway which is 

13.737 crashes/year and is greater than single vehicle collisions (0.745 

crashes/year).  

Figures 4-103 and 4-104 show that the total number of predicted FI (6 

crashes/year) is greater than the FI for observed crashes (5 crashes/year). Also the 

summation of predicted PDO (10 crashes/year) is greater than the observed PDO 

crashes (9 crashes/year). 

 

Figure 4-101: Observed Vehicle Crashes at Tax Intersection 
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Figure 4-102: Predicted Number of Crashes for Different Collision Types at Tax Intersection 

 

Figure 4-103 : Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 

 

 

 

 

 

 

 

Figure 4-104 : Observed Crashes FI and Observed Crashes PDO 

 The individual and combined CMFs are calculated in table 4-53:  

Table 4-53: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.66 Intersection Left-Turn Lane CMF1 

0.781 Intersection Left-Turn Signal Phasing CMF2 

0.85 Intersection Right-Turn Lanes CMF3 

1.0 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.010 Red-Light Cameras CMF6 

0.403 CMF1 * CMF2* ……* CMF6 Combined CMF 
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The existence of left turn lanes at four approaches can positively decrease 

potential crashes at the intersection by 34%. The Intersection Left-Turn Signal 

Phasing and Intersection Right-Turn Lanes can decrease crashes by 22%, 15% 

respectively. The existence of lighting system can positively decrease crashes by 

9%. But the existence of red-light cameras increases potential crashes. 

The expected number of crashes at the intersection is 5.840 crashes/year. The 

expected number of crashes compared to the observed crashes is presented in table 

4-54 below: 

Table 4-54:  Expected Number of Crashes and the Observed Crashes at Intersection 

Observed crashes Expected crashes Conclusion 

14.0 6.0 
Since observed crashes > expected crashes, then 

this intersection needs safety improvement 

  

Discussion  

The total predicted number of crashes at the intersection is (14.492 crashes/year). 

The combined CMF is found to be 0.403, then the expected number of crashes at 

the intersection is (6.0 crashes/year). The total expected number of crashes is 

found to be (6.0 crashes/year). Compared to the observed (actual) crashes, which 

is 14.0 crashes/year, it can be concluded that the safety condition of the 

intersection is critical.  

Proposed safety countermeasures 

There are many problems with the intersection, and the first one was the problem 

of traffic flow through the corridor which lead to increases travel times as well as 

vehicle congestion. So the countermeasure of adaptive traffic signal control which 

adjusts signal cycles to traffic conditions in real time. This provides several 

advantages: Increases the efficiency of traffic flow through the corridor, 

improving travel times and reducing congestion. The second issue with the 

intersection was the traffic light and many drivers do the mistakes, so the number 
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of crashes increase. To solve the problem, the countermeasure of Changing from 

protected only to flashing yellow arrow protected left turn with time of day 

operation is proposed to keep motorists safer during heavy traffic and reduce 

delays when traffic is light. Drivers found flashing yellow left-turn arrows more 

understandable than traditional. Also the problem of high traffic volume presents 

with the intersection and the left turn vehicles which increase the number of 

crashes. To solve or improve the safety, the countermeasure of Converting a 

conventional signalized intersection to a continuous flow intersection (CFI) is 

proposed and applied. This design removes left turning vehicles from the main 

intersection which then allows higher green time for the main line. 

1-   Installing adaptive traffic signal control.    

2- Changing from protected only to flashing yellow arrow protected left turn 

with time of day operation.    

3- Converting a conventional signalized intersection to a continuous flow 

intersection (CFI).   

Combined CMF is 0.6242 

N final = 9.0 crashes/year 

Figure 4-105 shows that the number of observed crashes decreased after applying 

the safety countermeasures. The reduction of crashes or the improvement is 36%. 

  

 

 

 

 

 

 

Figure 4-105: Observed Crashes Before and After Applying Countermeasures 
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10) Binavi 2 intersection 

The collected traffic data and general information about this intersection are 

illustrated in appendix D from table D-36 to D-39 and figure B-38 to B-40 in 

appendix B.  

Figure 4-106 shows that the number of crashes fluctuated from 10 crashes/year in 

2017 to 8 crashes/year in 2019.  

Figure 4-107 presents the results of multiple vehicle non driveway with a number 

of crashes that equals 7.93 crashes/year and single vehicle collisions (0.451 

crashes/year).  

Figures 4-108 and 4-109 show that the total number of predicted FI is equal to the 

FI for observed crashes. However, the summation of predicted PDO (7 

crashes/year) is greater than the observed PDO crashes 6 crashes/year. 

 

Figure 4-106: Observed Vehicle Crashes at Binavi 2 Intersection 
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Figure 4-107: Predicted Number of Crashes for Different Collision Types at Binavi 2 Intersection 

 

Figure 4-108 : Predicted FI and PDO for Multiple Vehicle Crashes and for Single Vehicle Crashes 

 

 

 

 

 

 

 

 

Figure 4-109 : Observed Crashes FI and Observed Crashes PDO 

The individual and combined CMFs are calculated in table 4-55: 
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Table 4-55: The Individual and Combined CMFs 

CMF Value CMF Name CMF Number 

0.66 Intersection Left-Turn Lane CMF1 

0.781 Intersection Left-Turn Signal Phasing CMF2 

0.85 Intersection Right-Turn Lanes CMF3 

1.00 Right-Turn on Red CMF4 

0.911 Lighting CMF5 

1.012 Red-Light Cameras CMF6 

0.404 CMF1 * CMF2* ……* CMF6 Combined CMF 

 

The existence of left turn lanes at four approaches can positively decrease 

potential crashes at the intersection by 34%. The Intersection Left-Turn Signal 

Phasing and Intersection Right-Turn Lanes can decrease crashes by 22%, 15% 

respectively. The existence of lighting system can positively decrease crashes by 

9%. But the existence of red-light cameras increases potential crashes. 

The expected number of crashes at the intersection is 3.386 crashes/year. The 

expected number of crashes compared to the observed crashes is presented in table 

4-56 below: 

Table 4-56:  Expected Number of Crashes and the Observed Crashes at Segment. 

Observed crashes Expected crashes Conclusion 

10.0 4.0 
Since observed crashes > expected crashes, then 

this intersection needs safety improvement 

 

Discussion  

The total predicted number of crashes at this intersection is (8.381 crashes/year). 

The combined CMF is found to be 0.404, then the expected number of crashes at 

the intersection is (4.0 crashes/year). The total expected number of crashes is 

found to be (4.0 crashes/year). Compared to the number of observed (actual) 

crashes, which is 10.0 crashes/year, it can be concluded that the safety condition 

of the intersection is critical.  

Proposed safety countermeasures 

There are many problems with the intersection, and the first one was the problem 

of traffic flow through the corridor which lead to increases travel times as well as 
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vehicle congestion. So the countermeasure of adaptive traffic signal control which 

adjusts signal cycles to traffic conditions in real time. This provides several 

advantages: Increases the efficiency of traffic flow through the corridor, 

improving travel times and reducing congestion. The other issue at the 

intersection was the lack of systemic visibility which causes many problems 

especially during the night time driving and lead to many severe crashes. To 

improve the safety at this location two safety counter measures are proposed. 

1- Installing adaptive traffic signal control.   

2- Implementing systemic signing and visibility improvements at signalized 

intersections.   

Combined CMF is equal to 0.5783, then N final = 6.0 crash/year 

Figure 4-110 shows that the number of observed crashes decreased after applying 

the safety countermeasures. The reduction of crashes or the improvement is 40%. 

 

 

 

 

 

 

Figure 4-110:Observed Crashes Before and After Applying Countermeasures 

4.3     Safety Improvement at Roadway Segments and Intersections 

All the reduction and safety improvements for all analyzed segments are 

illustrated in figure 4-111. As shows in the figure, the highest reduction and the 

greatest improvement occurred at Barzan Road and Zari land road by 86% and 

82% respectively.  Qazi Mohamad road, Sarhaldan road, Raza road and Silav road 

have approximately the same number of improvement, namely (65%, 67%, 65% 
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and 65% respectively. For other segments like, Qanati Kurdo, Zirka road 1, Zirka 

road 2, Shahidan road, and Zakho road the reduction of crashes is by 34%, 37%, 

58%, 34% and 47% respectively. It is illustrated that the countermeasures have 

great positive effects on segments, and have led to high improvements for each 

segment.  

 

Figure 4-111: Safety Improvement (% Reduction in Crashes After Applying the Proposed CMFs) 
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illustrated in figure 4-112. As it is demonstrated in the figure, Zari land, Qazi 

Mohamad, Binavi 1, and Binavi 2 intersections have the greater number of safety 

improvement which is 42%, 57%, 54%, and 40% respectively. In addition, 

Commerce of chamber, Chira and Jodi intersections have approximately the same 
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Figure 4-112: Safety Improvement (% Reduction in Crashes After Applying the Proposed CMFs) 

4.4     Comparison of Before and After Countermeasure 
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negative ranks, then crash number are higher before countermeasure than after 

(Gibbons and Chakraborti, 2011) [125]. 

The Wilcoxon signed-rank test is used to evaluate statistical significance of the 

changes in crash numbers for intersections and segments using SPSS version 27. 

The Wilcoxon test results and significance are presented in Table 4-57. 

Table 4-57: The Wilcoxon Test Results And Significance For Intersections And Segments 

Crash Number   N 
Mean 

Rank 

Sum of 

Ranks 

Wilcoxon Test 

Significance 

Intersection crash number 

before countermeasure 
Negative ranks 0a 0 0 

0.005 
Intersection crash number 

after countermeasure 
Positive ranks 10b 5.5 55 

  Ties 0c     

  Total 10     

Segment crash number 

before countermeasure 
Negative ranks 1a 1 1 

0.004 
Segment crash number after 

countermeasure 
Positive ranks 10b 6.5 65 

  Ties 0c     

  Total 11     

 

a. Crash number before countermeasure < Crash number after countermeasure  

b. Crash number before countermeasure > Crash number after countermeasure  

c.  Crash number before countermeasure = Crash number after countermeasure 

  

For intersections, Wilcoxon ranks show that in 10 out of 10 cases, positive ranks 

are much higher than the 0 negative ranks, which indicates that the number for 

crashes are higher before countermeasure than after (Gibbons and Chakraborti, 

2011) [125]. The difference between Intersection crash number before 

countermeasure and after countermeasure is statistically significant (P = 0.005) at 

95% confidence level. Furthermore, for segments, Wilcoxon ranks show that in 

10 out of 11 cases, positive ranks are much higher than the 1 negative ranks, which 

indicates that the number for crashes are higher before countermeasure than after. 

The difference between segment crash number before countermeasure and after 

countermeasure is statistically significant (P = 0.004) at 95% confidence level. 
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Conclusions and Recommendations 

5.1 Conclusions  

According to the proposed methodology and the data implemented and retrieved 

in this thesis, the following conclusions could be drawn out: 

1) The concept of Crash Modification Factors (CMFs) has been presented in 

this study. CMFs are demonstrated to be an important tool to assess the safety of 

a site by estimating the change in the expected number of crashes when a specific 

safety countermeasure is implemented.  

2) The HSM predictive method has been used to evaluate the safety condition 

of roadway segments and intersections in Duhok City. It was found out to be 

critical, because the observed (actual) crashes at the selected sites exceeded the 

expected number of crashes obtained from the predictive method.  

3) The process of selecting an effective countermeasure for an unsafe 

intersection and segment typically requires judgment or experience on the part of 

the engineer because the geometric characteristics and traffic flow characteristics 

of each intersectionِand segment are unique. 

4) Duhok City road network was carefully examined, and 11 segments and 10 

intersections were selected for the analysis. All the sites were found to be unsafe 

and need safety improvements by applying appropriate countermeasures.  

5) According to the location of the study area, the roadways in Duhok city 

were found to be uncapable to accommodate the increased number of vehicles 

moving within the city. 

6) Most of the roads in study area are congested with vehicles, especially 

during the peak periods of each day. This led to a high rate of accidents in most 
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of the roadway, which effect on the performance of the roadway to serve the 

traveling requirements. 

7) Accident reports collected and investigated were poor and need more 

reliable accident form to be used for better accident statistics reporting. In 

addition, police officers should be educated how to fill the accidents reports at 

the scene with more clear information like collision diagrams. 

8) Accidents data were taken for the three years (2017-2019) preceding the 

study year (2020). Traffic accidents data were derived from 1223 accident reports 

and collected from Duhok Traffic Office.   
9) The total reported number of accidents in the study area was (292) accidents 

for three years period (2017-2019). The total accident frequency recorded in street 

sections was (196) and on intersections was (96) accidents distributed in different 

locations. These accidents resulted in (73) fatalities and injuries, and (123) 

property damages only at road segment while for intersections the number of 

fatalities and injuries are (34) and (62) for property damages only. 

10) About 67.12 percent of the total accidents occurred within the street 

sections and 32.88 percent of the total accidents occurred at intersections. 

11) The highest number of accidents occurred at Barzan and Qazi Mohamad 

road segments which are 29 crashes/year and 28 crashes/year respectively. While 

Zirka and Zari land segments had the lowest number of crashes which is 11 

crashes/year. 

12) Tax intersection have the greatest number of crashes, which is 14 

crashes/year. Also, Zari land and Binavi 1 intersection have the highest number 

of crashes, namely 13 and 12 crashes/year respectively, while Diyari intersection 

has the lowest number of crashes, namely 6 crashes/year. 

13) Accident frequency is affected by the Average Annual Daily Traffic. 

Barzan and Qazi Mohamad road have the greatest number of traffic volume, 

namely 48,608 and 35,333 veh/day respectively. As a result, the number of 

crashes increase at these segments. 
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14) Binavi 1 intersection have the highest number of traffic volume (53,417 

veh/day) which in turn increases the number of crashes at intersection.  

15) By comparing the observed vs expected number of crashes, the number of 

observed crashes exceeds the expected number of crashes. This implies that the 

safety at the segment or intersection is critical and needs to be addressed by 

appropriate safety countermeasures. Selecting and implementing several 

countermeasures are more effective than just one in reducing the number of 

accidents, and improving the safety. For each segment, two safety 

countermeasures are selected. For the intersections, some of them two 

countermeasures were selected and the other three countermeasures were used. 

16) Barzan Road has the highest reduction and the greatest improvement. The 

two countermeasures selected for the segments and propose in this thesis are 

effective in reducing the expected crashes dramatically from 29 to 4 crashes/year 

and the safety improvement at the segment is 86%. 

17) Zari land segment also has the greatest reduction and improvement. The 

countermeasures selected for the segment are effective in reducing the number of 

crashes from 11 to 2 crashes/year. The safety improvement is 82%. 

18) For Qazi Mohamad, Sarhaldan, Raza and Silav roads have approximately 

the same number of improvement, namely (65%, 67%, 65% and 65% 

respectively). 

19) It is found out that Qanati Kurdo, Zirka1, Zirka 2, Zakho and Shahidan 

roads have the reduction of crashes by 34%, 37%, 58%, 47% and 34% 

respectively. 

20) Highest improvement of safety tends to occur at Qazi Mohamad and Binavi 

1 intersection which are 57% and 54% respectively.   

21) Chamber of Commerce, Chira and Jodi intersections have approximately 

the same number of improvements which is 25%, 23% and 25% respectively. 

Mini market and Diyari intersection have the same number of improvement 

(34%). 
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22) The percentage improvement for most of the segments are much higher 

than the improvements for most of the intersections. 

5.2 Recommendations 

In addition to the promising results of the safety improvement, this study 

recommends the following points for further enhancement of the road safety in 

Duhok City: 

  1)   Training of the police staff with the HSM–recommended methodology in 

Duhok City to improve their understanding on how to assess the safety situation 

at an intersection or street and utilizing the most updated safety countermeasures 

at the critical segments and intersections.  

2)   Conducting additional research studies on the implementation of the safety 

countermeasures that would reduce the magnitude of economic and social losses 

by reducing the number of deaths and injuries caused by road accidents on our 

urban and rural highways in Duhok Governorate and the Iraqi Kurdistan Region 

as well. 

3)    Reducing the number of owned private cars by Duhok city residents and 

encouraging the public transportation system in Duhok City by minimizing the 

number of vehicles that would contribute to the road safety improvement. 

4)   Improving the current crash data system at the Directorate of Duhok traffic 

police by providing appropriate training to the staff and traffic officers who are 

responsible for recording vehicle crashes in Duhok City to overcome the lack of 

information related to the occurrence of vehicle crashes. 

5)    Investigating all the current geometric design errors at Duhok City streets 

network and propose the corrective actions by using the concept of the CMFs 

described in this thesis.  
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6)  Evaluating the current posted speed limits on all roads in Duhok City by 

utilizing the CMFs studies related to the speed limits that could decrease the 

number of vehicle crashes and enhance the road safety. 

7)   Evaluate the traffic signal coordination for all neighboring intersections within 

the major roads in Duhok City by utilizing the CMFs studies that would decrease 

the number of vehicle crashes and enhance the intersections’ safety. 

8)  Whenever possible, encouraging the use of modern roundabouts instead of 

signalized intersections within Duhok City road network by applying the related 

CMFs studies that could decrease the number of crashes at the critical sites.  

9)   Improving the process used to collect and maintain data for vehicle crashes, 

roadway geometry, and traffic volumes to assess the  roadway conditions in the 

sites where crashes are likely to occur. 

10) Encouraging the proper collection of the crash data requirements for 

evaluating the effectiveness of applying a safety countermeasure at a street or 

intersection in Duhok City. 

11)  Addressing the lack of installing the proper traffic signs and signage at all 

roads and intersections in Duhok City by utilizing the CMFs studies and other 

reliable sources, such as the Manual on Uniform Traffic Control Devices 

(MUTCD). 

12)   Assisting the government directorates and agencies in their effort to integrate 

road safety into their transportation planning techniques and decision-making 

processes. 

13)   Reviewing the AASHTO’s Highway Safety Manual with particular attention 

to the predictive method that covers the safety of highway segments and 

intersections, the selection of safety countermeasures, and the expected results of 

implementing the selected countermeasures. 
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14)   Implementation of a comprehensive road safety program which includes all 

of the security and traffic control strategies to enhance and support road safety 

beginning for giving the driving license to users up to building grade separation, 

interchange, and supporting public transit.



  
 

 
 

 

 

 

 

  

 

 

 

 

  

 References 

 



166 

 

 
 

REFERENCES 
 

[1] Hassen, A., Godesso, A., Abebe, L., and Girma, E., “Risky driving behaviours for 

road traffic accident among drivers in Mekele city.” Northern Ethiopia. Research 

Notes, 4, 535, 2011. 

[2] World Health Organisation, Youth and Road Safety. Geneva: Switzerland: 

Retrieved from http://tripp.iitd.ernet.in/Youth.pdf, 2007. 

[3] Planning Commission, Road safety and traffic management. India: 

http://morth.nic.in/writereaddata/linkimages/SLRoadSafetysundarreport4006852

61 %0A0.pd, 2007. 

[4] Mahmud, S. M. S., Hoque, M. S., and Quzi, A. S, Road safety problems in 

Bangladesh: Some major initiatives, constraints and requirements. Transport and 

communication Bulletin for Asia and the Pacific, 2009, p. 79. 

[5] Ministry of Shipping Road Transport and Highways., Road safety in India. 

India: Retrieved from 

http://www.unescap.org/ttdw/common/TIS/AH/files/egm06/roadsafety 

_india.pdf., 2003. 

[6] Ziyad Nayef Shamsulddin Al-Doski, “TRAFFIC ACCIDENT STATISTICAL 

MODELING IN DUHOK CITY STREET NETWORK AND THE USE OF GIS 

TECHNIQUE,” Duhok University, 2011. 

[7] Directorate of Traffic/Duhok, “Traffic Accidents Statistics.” 2007-2017. 

[8] Directorate of Traffic/Duhok., “Traffic Accidents Statistics,” (2010-2020). . 

[9] Directorate of Statistics, “Population Number Statistics,” (2019-2021). 

[10] Casey Scott Knecht, “Crash Prediction Modeling for Curved Segments of Rural 

Two-Lane Two-Way Highways in Utah,” Department of Civil and Environmental 

Engineering, Brigham Young University, 2014. 

[11] Mittal, N. SIMBA Project, “Policies and Programs for road safety in developing 



167 

 

 
 

India,” Division of Environment and Road Traffic safety, Central Road Research 

Institute. New Delhi, India, 2008. 

[12] Peden, M., Scurfield, R., Sleet, D., Mohan, D., Hyder, A.A.A., Jarawan, E., 

Mathers, C.D.D., “World Report on Road Traffic Injury Prevention,” World 

Health Organization Geneva, 2004. 

[13] World Health Organization, “Global Status Report on Road Safety,” Geneva: 

Switzerland, 2018. 

[14] International Organization for Migration, Iraq IDP crisis. Accessed May 05, 

2018. http://iomiraq.net/issues-focus/iraq-idp-crisis, 2017. 

[15] Toperich, S., Ivanovic, T., Zagros, N., “Iraqi Kurdistan Region: A Path Forward.” 

Johns Hopkins University, Washington, DC. T, 2017. 

[16] Rudaw, “Traffic Accidents Leading Cause of Death in the Kurdistan Region.” 

Accessed February 20, 2018. http://www.rudaw.net/english/kurdistan/29042017, 

2017. 

[17] K24, “Nearly 1,000 people killed, injured in 2017 in car accidents: Kurdish 

official.” Accessed February 20, 2018. 

http://www.kurdistan24.net/en/news/7112999d-1f9c_4ed8-a81f-06af5f37881b., 

2018. 

[18] Shinar, D., “Traffic Safety and Human Behavior,” Emerald Publishing Limited. 

2017. 

[19] Traffic Police, “No Title,” Ministry of the Interior, Kurdistan Regional 

Government. http://cabinet.gov.krd/, Erbil, November, 2014. 

[20] WHO; World Health Organization, “Global status report on road safety.” 

supporting a decade of action. ISBN 978 92 4 156456 4, 2013. 

[21] American Association of State Highway and Transportation Officials 

(AASHTO), The Highway Safety Manual (HSM). Washington, DC., 2014. 

[22] American Association of State Highway and Transportation Officials., Highway 



168 

 

 
 

Safety Manual (HSM). Washington, D.C, 2010. Print. 

[23] Zeng, H., Fontaine, M., and Smith, B., “Estimation of the Safety Effect of 

Pavement Condition on Rural, Two-Lane Highways,” Transp. Res. Rec. J. 

Transp. Res. Board, (2435), 45-52, 2014. 

[24] R. Karmacharya and  and S. Dissanayake, “Calibration of Highway Safety Manual 

Predictive Methods for 4-Leg Signalized Intersections at Urban and Suburban 

Areas in Kansas,” Dept. of Civil Engineering, Kansas State Univ., 2118 Fiedler 

Hall, Manhattan, KS 66506. International Conference on Transportation and 

Development 2018. . 

[25] Xin, C., Wang, Z., Lee, C., Lin, P.-S., “Modeling safety effects of horizontal curve 

design on injury severity of single-motorcycle crashes with mixed-effects logistic 

model,” Transp. Res. Rec. J. Transp. Res. Board 2637, 38–46. 2017a. 

[26] Xin, C., Wang, Z., Lin, P.-S., Lee, C., Guo, R., “Safety effects of horizontal curve 

design on motorcycle crash frequency on rural, two-lane, undivided highways in 

Florida,” Transp. Res. Rec. J. Transp. Res. Board 2637, 1–8. 2017b. 

[27] Schneider IV, W., Savolainen, P., Moore, D., “Effects of horizontal curvature on 

single-vehicle motorcycle crashes along rural two-lane highways,” Transp. Res. 

Rec. J. Transp. Res. Board 2194, 91–98, 2010. 

[28] Uditha Galgamuwa and Sunanda Dissanayake, “ESTIMATING CRASH 

MODIFICATION FACTORS USING CROSS-SECTIONAL AND CASE-

CONTROL METHODS FOR RUMBLE STRIPS AND PAVED SHOULDERS,” 

Department of Civil Engineering, 2118 Fielder Hall ,Kansas State University, 

Manhattan, KS 66506-5000. 2018. 

[29] Runan Yang, Zhenyu Wang, Pei-Sung Lin, Xiaopeng Li, Yu Chen, Ping P. Hsu 

& Henry, Alex, “Safety effects of street lighting on roadway segments: 

Development of a crash modification function,” Traffic Injury Prevention, 20:3, 

296-302. https://doi.org/10.1080/15389588.2019.1573317, 2019. 

[30] Chunfu Xin, Zhenyu Wang, Chanyoung Lee, Pei-Sung Lin, Tao Chen, Rui Guo, 



169 

 

 
 

Qing Lu, “Development of crash modification factors of horizontal curve design 

features for single-motorcycle crashes on rural two-lane highways: A matched 

case-control study,” Accid. Anal. Prev. 123, 51-59, 2019, [Online]. Available: 

https://doi.org/10.1016/j.aap.2018.11.008%0AR. 

[31] American Association of State Highway and Transportation Officials, Highway 

Safety Plan. Washington, D.C, 2014. 

[32] American Association of State Highway and Transportation Officials 

(AASHTO), Highway Safety Manual. Volume 2. Washington, D.C, 2010. 

[33] Bonneson, J. and Lord D., “ROLE AND APPLICATION OF ACCIDENT 

MODIFICATION FACTORS IN THE HIGHWAY DESIGN PROCESS,” 

Report 0-4703-2 . TEXAS TRANSPORTATION INSTITUTE . The Texas A&M 

University System. 2005. 

[34] Shen, J., A. Rodriguez, A. Gan, and P. Brady, “Development and Application of 

Crash Reduction Factors: A State-of-the-Practice Survey of State Departments of 

Transportation,” Paper No. 04-3508. Presented at the 83rd Annual Meeting of the 

Transportation Research Board, Washington, D.C., January 2004. . 

[35] Montella, A., Persuad, B., D’Apuzzo, M., Imbriani, L., “Safety Evaluation of an 

Automated Section Speed Enforcement System.” Presented at the 91st Annual 

Meeting of the Transportation Research Board, Paper No. 12-0226, Washington, 

D.C., (2012), 2012. 

[36] Jisup Shim, Oh Hoon Kwon, Shin Hyoung Park, Sungbong Chung, and Kitae 

Jang, “Evaluation of Section Speed Enforcement System Using Empirical Bayes 

Approach and Turning Point Analysis.” Volume 2020, Article ID 9461483, 

Published in 28 Feb 2020, [Online]. Available: 

https://doi.org/10.1155/2020/9461483. 

[37] Zegeer, C.V., Stewart, R., Council, F., Neuman, T.R., “Accident relationships of 

roadway width on low-volume roads.,” Trans. Res. Record: J. Trans. Res. Board 

1445, 160–168. Retrieved from. 1994, [Online]. Available: 

http://onlinepubs.trb.org/. 



170 

 

 
 

[38] Yanmaz-Tuzel, O. and Ozbay, K., “A comparative Full Bayesian before-after 

analysis and application to urban road safety countermeasures in New Jersey.,” 

Accident Analysis and Prevention, Vol. 42, No. 6, Oxford, N.Y., Pergamon Press, 

pp. 2099-2107. 2010. 

[39] Moon, J.P. and J. E. Hummer., “Estimating the Longer-Term Safety Effects of 

Speed Enforcement Cameras in Charlotte, NC.,” TRB 89th Annual Meeting 

Compendium of Papers CD-ROM. Washington, D.C. 2010. . 

[40] Federal Highway Administration (FHWA), Red-light camera systems 

operational guidelines. Retrieved from 

safety.fhwa.dot.gov/intersection/redlight/cameras/fhwasa05002/fhwasa05002.pd

f, 2005. 

[41] Shin, K., Washington, S., van Schalkwyk, I., “Evaluation of the Scottsdale Loop 

101 automated speed enforcement demonstration program,” Accident Analysis 

and Prevention. Vol. 41, No. 3, Oxford, N.Y., Pergamon Press, (2009), pp. 393–

403. 

[42] NHTSA, “Speed enforcement program guidelines,” s (Report No. DOT HS 810 

915). Retrieved from the NHTSA Behavioral Safety Research Reports Library 

website: [Online]. Available: ntl.bts.gov/lib/30000/30100/30165/810915.pdf. 

[43] NCHRP, “Automated enforcement for speeding and red light running,” (Report 

729). Retrieved from the TRB website:, 2012, [Online]. Available: 

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_729.pdf. 

[44] Lee, C., Xu, X., and Nguyen, V, “Non-intersection-related Crashes at Mid-block 

in an Urban Divided Arterial Road with High Truck Volume.,” Presented at the 

90th Meeting of the Transportation Research Board, Washington, D.C. 2011. 

[45] American Association of State Highway and Transportation Officials, Roadside 

Design Guide. 4th Edition.Barrier p. 5-1, Terminals and Crash Cushions p. 8-1, 

Breakaway p. 4-2, ISPE p. 2-3.) ISBN: 978-1-56051-509-8, 2011. 

[46] D. Schruma, Kevin D. Albuquerquea, Francisco D. B. De L.,  and K. A. Sickinga 



171 

 

 
 

Lechtenberga, and & J. D. Fallera, Ronald K. Reid, “Cost-Benefit Analysis of 

Crash Cushion Systems,” Journal of Transportation Safety & Security, January 

2015. University of Nebraska, Lincoln, doi: 10.1080/19439962.2013.846448. 

[47] Richard Albin, Victoria Brinkly, Joseph Cheung, Frank Julian, Cathy Satterfield, 

William Stein, Eric Donnell, Hugh McGee, Ann Holzem, Matthew Albee, 

Jonathan Wood, Fred Hanscom, “Low-Cost Treatments for Horizontal Curve 

Safety,” Report No. FHWA-SA-15-084. Pennsylvania State University, 201 

Transportation Research Building, Federal Highway Administration Office of 

Safety, 1200 New Jersey Ave., SE, Washington, DC 20590, 2016. 

[48] Montella, A., “Safety Evaluation of Curve Delineation Improvements an 

Empirical Bayes Observational Before-After Study,” TRB 88th Annual Meeting 

Compendium of Papers CD-ROM. Washington, D.C. 2009. 

[49] K. R. Bryan Katz, Jiaqi Ma, Heather Rigdon, Kayla Sykes, Zhitong Huang, 

“Synthesis of Variable Speed Limit Signs.” FHWA-HOP-17-003. United States 

Department of Transportation Federal Highway Administration. May 2017. 

[50] Bham, G. H., Long, S., Baik, H., Ryan, T., Gentry, L., Lall, K., Arezoumandi, M., 

Liu, D., Li, T., and Schaeffer, B., “Evaluation of Variable Speed Limits on I-

270/I-255 in St. Louis.,” RI08-025, Missouri University of Science and 

Technology, Rolla, MO.,. 2010. 

[51] Kheyrollahi, A. & Breckon, T.P., “Automatic Real-time Road Marking 

Recognition Using a Feature Driven Approach,” PDF). Machine Vision and 

Applications. Springer. 23 (1): 123–133. doi:10.1007/s00138-010-0289-5. 

Retrieved April 8, 2013. 2012. 

[52] Lyon, C., B. Persaud, and K. Eccles., “Safety Evaluation of Two Curve Warning 

Treatments: In-Lane Curve Warning Pavement Markings and Oversized Chevron 

Signs.” Presented at the 96th Annual Meeting of the Transportation Research 

Board, Paper No. 17-00432, Washington, D.C., 2017. 

[53] Sany Zein, Stephen Murra, y Vivian Law, Karen Robichaud, Jeffery Bagdade, 

“Guidelines on the Use and Installation of Chevron Alignment Signs,” 



172 

 

 
 

Transportation Association of Canada, August 2012. . 

[54] Federal Highway Administration (FHWA), “Safety,” U.S. Dept. of 

Transportation, Washington, DC., 2021. 

[55] Merritt, D., C. Lyon, B. Persaud, and H. Torres., “High Friction Surface 

Treatments.” Report No. FHWA-HRT-20-061. Federal Highway Administration, 

US Department of Transportation. Washington, D.C. (September 2020). 

[56] Eun Sug Park, Paul J. Carlson, Adam Pike, “Safety effects of wet-weather 

pavement markings,” Accident Analysis and Prevention. Texas A&M 

Transportation Institute, Texas A&M University System, 3135 TAMU, College 

Station, TX 77843-3135, United States, 2019, [Online]. Available: 

https://doi.org/10.1016/j.aap.2019.105271. 

[57] Lyon, C., B. Persaud, and K. Eccles, “Safety Evaluation of Wet-Reflective 

Pavement Markers,” Report No. FHWA-HRT-15-065. Federal Highway 

Administration. Washington, D.C. (October 2015). . 

[58] Aarts, L., N. van Nes, F. C. M. Wegman, I. van Schagen, and R. Louwerse., “Safe 

Speeds and Credible Speed Limits (SacCredSpeed): New Vision for Decision 

Making on Speed Management,” Presented at 88th Annual Meet_ing of the 

Transportation Research Board, Transportation Research Board of the National 

Academies, Washington, D.C., 2009.  

[59] Stemerding, M., P. van Beek, G. Coffens, and P. F. Havermans, “Reducing Speed 

Limits on Highways: Dutch Experiences and Impact on Air Pollution, Noise-

Level, Traffic Safety and Traffic Flow,” Proc., European Transport Conference, 

Strasbourg, France. 2005. 

[60] Stefan, C., “Section Control—Automatic Speed Enforcement in the Kaisermühlen 

Tunnel (Vienna, A22 Motorway),” Austrian Road Safety Board (KvF), Vienna, 

Austria, 2006.  

[61] Bjørnskau, T., “The Car Is Monitoring Your Behaviour,” Nordic Road and 

Transport Research, Vol. 1. p. 8, 2011. 



173 

 

 
 

[62] Alfonso Montella, Bhagwant Persaud, Mauro D’Apuzzo and Lella Liana 

Imbriani, “Safety Evaluation of Automated Section Speed Enforcement System,” 

Transportation Research Record Journal of the Transportation Research Board · 

December 2012. doi: 10.3141/2281-03. 

[63] NHTSA (National Highway Traffic Safety Administration), “National Motor 

Vehicle Crash Causation Survey Report to Congress.” U.S. Dept. of 

Transportation, Washington, DC., 2008. 

[64] Lee, J., Nam, B., Abdel-Aty, M., “Effects of pavement surface conditions on 

traffic crash severity,” J. Transp. Eng. 141 (10)., 2015. 

[65] Agent, K.R., Pigman, J.G., Green, E.R., “Effect of Pavement Resurfacing on 

Traffic Safety.” 2004. 

[66] Juneyoung Park, Mohamed Abdel-Aty, Jung-Han Wang, “Time series trends of 

the safety effects of pavement resurfacing,” Accident Analysis and Prevention. 

Department of Civil, Environmental and Construction Engineering, University of 

Central Florida Orlando, FL 32816-2450, United States, pp. 78–86, 2017, doi: 

http://dx.doi.org/10.1016/j.aap.2017.02.006. 

[67] Islam, M.T., El-Basyouny, K., Ibrahim, S.E., “The impact of lowered residential 

speed limits on vehicle speed behavior,” Saf. Sci. 62,. pp. 483–494, 2014. 

[68] Islam, M.T., El-Basyouny, K., “Multilevel models to analysis before and after 

speed data,” Anal. Methods Accid. Res. 8,. pp. 33–44, 2015. 

[69] Islam, M.T., El-Basyouny, K., “Full Bayesian mixed-effect intervention model 

for before-after speed data analysis,” Transp. Res. Rec. J. Transp. Res. Board 

2513, pp. 11–20, 2015. 

[70] Islam, M.T., El-Basyouny, K., “Full Bayesian evaluation of the safety effects of 

re_ducing the posted speed limit in urban residential areas,” Accid. Anal. Prev. 

80,. pp. 18–25, 2015. 

[71] Islam, M.T., El-Basyouny, K., Ibrahim, S.E., Sayed, T., “Before-after safety 

evaluation using full Bayesian macroscopic multivariate and spatial models,” 



174 

 

 
 

Transp. Res. Rec. J. Transp. Res. Board 2601, pp. 128–137, 2016. 

[72] Leblud, J., “Reduction of speed limit, European Road Safety Decision Support 

System,.” developed by the H2020 project SafetyCube. Retrieved from 

www.roadsafety-dss.eu, 2017. 

[73] Elvik, R., Christensen, P., and Amundsen, A., “Speed and Road Accidents An 

Evaluation of the Power Model.” Oslo, Norway, Transportokonomisk Institutt, 

2004. 

[74] Oregon Department of Transportation, Traffic Line Manual. Delivery & 

Operations Division, Traffic-Roadway Section. Engineering & Technical 

Services Branch March 2021. 

[75] Elvik, R. and Vaa, T., “Handbook of Road Safety Measures.” Oxford, United 

Kingdom, Elsevier, (2004). 

[76] Beyer FR, Ker K., “Street lighting for preventing road traffic crashes and 

injuries.” 21 January 2009. 

[77] Wanvik, A., “Effects of road lighting: an analysis based on Dutch accident 

statistics 1987–2006,” Accident Analysis & Prevention 41 (1). pp. 23–128, 2009. 

[78] George Yannis, Alexandra Kondyli, Nikolaos Mitzalis, “Effect of Road Lighting 

Conditions on the Frequency and Severity of Road Accidents,” ICE Proceedings 

Transport 166(5). October 2013, pp. 271–281, doi: 

http://dx.doi.org/10.1680/tran.11.00047. 

[79] Abdel-Aty, M.A., C. Lee, J. Park, J.Wang, M. Abuzwidah, and S. Al-Arifi., 

“Validation and Application of Highway Safety Manual (Part D) in Florida,” 

Florida Department of Transportation. Tallahassee, Florida. (May 2014). 

[80] Williamson, M. R., R. N. Fries, Y. Qi, and P. Mandava, “Identifying the Safety 

Impact of Signal Coordination Projects along Urban Arterials Using a Meta- 

analysis Method,” J. Traffic Transp. Eng. No. 6, pp. 61–72, 2018. 

[81] Colorado Springs Traffic Engineering Division, “Traffic Signal Coordination 



175 

 

 
 

Planning Effort.” 2005. 

[82] Mahmood Mahmoodi Nesheli, Othman Che Puan, And Arash Moradkhani 

Roshandeh, “Optimization of traffic signal coordination system on congestion: A 

case study.” 2009. 

[83] Federal Highway Administration., The Signal Timing Manual. 2007. 

[84] Michael R. Williamson, Y. Q. Fries, Ryan N., and  and P. Mandava, “Identifying 

the Safety Impact of Signal Coordination Projects along Urban Arterials Using a 

Meta-analysis Method,” Journal of Traffic and Transportation Engineering. 

Department of Civil Engineering, pp. 61–72, 2018, doi: 10.17265/2328-

2142/2018.02.002. 

[85] Elvik, R., Hoye, A., Vaa, T. and Sorensen, M., “The Handbook of Road Safety 

Measures, 2nd edition.” Emerald Group, United Kingdom, 2009. 

[86] “iRAP Road Attribute Risk Factors - Lane Width,” 2010. 

[87] Gan, A., Shen, J., and Rodriguez, A., “Update of Florida Crash Reduction Factors 

and Countermeasures to Improve the Development of District Safety 

Improvement Projects,” Florida Department of Transportation. 2005. 

[88] “Reflective Pavement Marker Florida Transcor,” fltranscor.com. Retrieved 2017-

03-15.  

[89] “Convex Vibration Road MarkingPaint.” [Online]. Available: 

wiki.dyroadmark.com. 

[90] “Pave.Mark.Ch.9.080307.indd,” (PDF). [Online]. Available: virginiadot.org. 

[91] Institute of Transportation Engineers, “Toolbox of Countermeasures and Their 

Potential Effectiveness to Make Intersections Safer.” Sheet no. 8, ITE, FHWA, 

2004. 

[92] Gross, F., Persaud, B., and Lyon, C, A Guide to Developing Quality Crash 

Modification Factors. FHWA-SA-10-032. Federal Highway Administration, U.S. 

Department of Transportation, Washington, D.C, 2010. 



176 

 

 
 

[93] Wood, J. and E.T.Donnell, “Safety evaluation of continuous green T intersections: 

A propensity scores-genetic matching-potential outcomes approach,” Accid. Anal. 

Prev., vol. 93, pp. 1–13, 2016. 

[94] U. S. Department of Transportation Federal Highway Administration., “Stop 

Red Light Running Facts.” 

<http://safety.fhwa.dot.gov/fourthlevel/pro_res_srlr_facts.htm> (Date accessed: 

28 May 2003). 

[95] Datta, TK; Schattler, K; and Datta, S., “Red Light Violations and Crashes at Urban 

Intersections.” Transportation Research Record 1734 (2000): 52-58. 

[96] N. Srinivasan, R., Baek, J., Smith, S., Sundstrom, C., Carter, D., Lyon, C., 

Persaud, B., Gross, F., Eccles, K., Hamidi, A., and Lefler, “NCHRP Report 705: 

Evaluation of Safety Strategies at Signalized Intersections,” Washington, D.C., 

Transportation Research Board, National Research Council. 2011. 

[97] Federal Highway Administration, “Proven Safety Countermeasures.” FHWA-

SA-17-057, U.S. Department of Transportation, 2017, [Online]. Available: 

https://safety.fhwa.dot.gov/provencountermeasures/. 

[98] Federal Highway Administration, “Low-Cost Safety Enhancements for Stop-

Controlled and Signalized Intersections.” FHWA-SA-09-020, U.S. Department of 

Transportation. 

[99] Le, Thanh. Q., F. Gross, and T. Harmon, “Safety Effects of Low-Cost Systemic 

Safety Improvements at Signalized and Stop-Controlled Intersections,” ". 

Presented at the 96th Annual Meeting of the Transportation Research Board, 

Paper No. 17-05379, Washington, D.C. 2017. 

[100] Zimmerman, K. and J. Bonneson, “In-Service Evaluation of a Detection-Control 

System for High-Speed Signalized Intersections,” FHWA/TX-05/5-4022-01-1, 

Federal Highway Administration. 2005. 

[101] Appiah, J., B. Naik, R. Wojtal, L.R. and Rilett, “Safety Effect of Dilemma-Zone 

Protection Using Actuated Advance Warning Systems,” Transportation Research 



177 

 

 
 

Record: Journal of the Transportation Research Board, No. 2250, Transportation 

Research Board of the National Academies, Washington, D.C. pp. 19–24, 2011, 

doi: 10.3141/2250-03. 

[102] Zegeer, C.V. and R.C. Deen, “Green-Extension Systems at High-Speed 

Intersections,” ITE Journal, Inst. Transp. Eng. Washington, D.C., pp. 19–24, 

1978. 

[103] Institute of Transportation Engineers, “Toolbox of Countermeasures and Their 

Potential Effectiveness to Make Intersections Safer.” Sheet no. 8, ITE, FHWA, 

(2004). 

[104] Vanlaar, W., Robertson, R., and K. Marcoux, “An evaluation of Winnipeg’s photo 

enforcement safety program: Results of time series analyses and an intersection 

camera experiment,” Accident Analysis and Prevention, Vol. 62. pp. 238–247, 

2014. 

[105] Federal Highway Administration (FHWA), “Field Evaluation of a Restricted 

Crossing U-Turn Intersection,” [Online]. Available: 

http://www.fhwa.dot.gov/publications/research/safety/hsis/11067/11067.pdf). 

[106] Sun, X., and S. Rahman, “Investigating Safety Impact of Center Line Rumble 

Strips, Lane Conversion, Roundabout and J-Turn Features on Louisiana 

Highways,” Report No: FHWA/LA.18/597. Louisiana Department of 

Transportation and Development. Baton Rouge, Louisiana. (October 2019). . 

[107] Federal Highway Administration (FHWA), “Intersection Proven Safety 

Countermeasure Technical Summary: Backplates with Retroreflective Borders.” 

[Online]. Available: http://safety.fhwa.dot.gov/. 

[108] Federal Highway Administration (FHWA), Handbook for Designing Roadways 

for the Aging Population. FHWA-SA-14-015, June 2014. 

[109] Federal Highway Administration (FHWA), “Proven Safety Countermeasures,” 

Office of Safety. 

[110] Federal Highway Administration (FHWA), “Manual on Uniform Traffic Control 



178 

 

 
 

Devices (MUTCD),” 2009. 

[111] Sayed, T., Leur, P., and Pump, J., “Safety Impact of Increased Traffic Signal 

Backboards Conspicuity,” 2005 TRB 84th Annual Meeting: Compendium of 

Papers CD-ROM, Vol. TRB#05-16, Washington, D.C., (2005). . 

[112] “Adaptive traffic control systems / Traffic Signal Controller,” [Online]. 

Available: http://www.onnyx.in. 

[113] Ma, J., M. Fontaine, F. Zhou, D. Hale, and Clements, M., “Estimation of the 

Safety Effects of an Adaptive Traffic Signal Control System.” Presented at the 

94th Annual Meeting of the Transportation Research Board, Washington, D.C., 

(2015). 

[114] “Continuous Flow Intersections. Metro Analytics,.” Accessed: October 27, 

2011, [Online]. Available: 

http://www.continuousflowintersections.org/intersections/show/IntersectionCate

goryId:1/Intersection%0ATypeId:7,. 

[115] El-Basyouny, K.; Sayed, T.; El Esawey, M; and Pump, J. E., “Investigating the 

Effect of Collision Aggregation on Safety Evaluations using Multivariate Linear 

Intervention Models: Case Study of Signal Head Upgrade Program,” Presented 

at the Transportation Research Board 91st Annual Meeting, Paper No. 12-2093, 

January 22-26, 2012, Washington, DC. . 

[116] . Berkowitz, C., C. Bragdon, and F. Mier, “Continuous flow intersection: A public 

private partnership,” Vehicle Navigation and Information Systems Conference, 

1996. VNIS ’96, vol. 7, pp. 277-287, 1996. . 

[117] Zlatkovic, M., “Development of Performance Matrices for Evaluating Innovative 

Intersections and Interchanges,” Report No: UT-15.13. Utah Department of 

Transportation. Salt Lake City, Utah. (September 2015). . 

[118] Srinivasan, R., Baek, J., Smith, S., Sundstrom, C., Carter, D., Lyon, C., Persaud, 

B., et al., “Evaluation of Safety Strategies at Signalized Intersections, Appendix 

E: Evaluation of Flashing Yellow Arrow for Permissive Left Turn Movements at 



179 

 

 
 

Signalized Intersections.” 2011. 

[119] Pulugurtha, S.S. and Khader, K.S.C., “Assessing the Effect of Introducing a 

Permitted Phase Through the Use of Flashing Yellow Arrow Signal for Left-

Turning Vehicles,” International Journal of Injury Control and Safety 

Promotion,. 21(4), pp. 338–347, Taylor & Francis, Abingdon, UK., 2014. 

[120] Simpson, C.L. and S.A. Troy., “Safety Effectiveness of Flashing Yellow Arrow: 

Evaluation of 222 Signalized Intersections in North Carolina,” Presented at the 

94th Annual Meeting of the Transportation Research Board, Paper No. 15-1593, 

Washington, D.C., (2015). . 

[121] Federal Highway Administration (FHWA), Pocket Guide for Traffic Data. 

Publication number FHWA-PL-18-027, 2018. 

[122] Mannering, F. L., & Kilareski, W. P., “Principles of highway engineering and 

traffic analysis,” New York: Wiley, 2019. 

[123] American Association of State Highway and Transportation Officials 

(AASHTO), Highway Capacity Manual (HCM). Washington, D.C, 2010. 

[124] MORGAN, R., TZIOTIS, M. & TURNER, B., “Guide to road safety–part 8: 

treatment of crash locations.” AGRS08/09, Austroads, Sydney, Australia, 2009. 

[125] GIBBONS, J. D. & CHAKRABORTI, S., “Nonparametric statistical inference.” 

Springer, Dekker, New York, 2011. 

 

  

 

 

 

 

 



  
 

  
 

 

 

 

 

 

 

 

 

 

Appendices 
 

 

 

 

 

 

 

 

 

 



  
 

  
 

 

 

 

 

 

 

 

 

Appendix A 

 

 

 

 

 

 

 

 

 



  
 

  

 

Appendix A 
 

Table (A-1). SPF Coefficients for Multiple-Vehicle Non driveway Collisions on Roadway Segments 

Road type 

 

Intercept 
AADT 

Over dispersion 

parameter (k) 

(a) (b)  

Total crashes 

2U -15.22 1.68 0.84 

3T -12.40 1.41 0.66 

4U -11.63 1.33 1.01 

4D -12.34 1.36 1.32 

5T -9.70 1.17 0.81 

Fatal-and-injury crashes 

2U -16.22 1.66 0.65 

3T -16.45 1.69 0.59 

4U -12.08 1.25 0.99 

4D -12.76 1.28 1.31 

5T -10.47 1.12 0.62 

Property-damage-only crashes 

2U -15.62 1.69 0.87 

3T -11.95 1.33 0.59 

4U -12.53 1.38 1.08 

4D -12.81 1.38 1.34 

5T -9.97 1.17 0.88 
 

Table (A-2). SPF Coefficients for Single-Vehicle Collisions on Roadway Segments 

Road type 

  

Intercept 
AADT Over dispersion    

parameter (k) 
(a) (b) 

Total crashes 

2U -5.47 0.56 0.81 

3T -5.74 0.54 1.37 

4U -7.99 0.81 0.91 

4D -5.05 0.47 0.86 

5T -4.82 0.54 0.52 

Fatal-and-injury crashes 

2U -3.96 0.23 0.50 

3T -6.37 0.47 1.06 

4U -7.37 0.61 0.54 

4D -8.71 0.66 0.28 

5T -4.43 0.35 0.36 

Property-damage-only crashes 

2U -6.51 0.64 0.87 

3T -6.29 0.56 1.93 

4U -8.50 0.84 0.97 

4D -5.04 0.45 1.06 

5T -5.83 0.61 0.55 

 

 

 

 

 

 



  
 

  

 

Table (A-3). SPF Coefficients for Multiple-Vehicle Driveway Related Collisions 

 

 

Driveway Type (j) 

Coefficients for Specific Roadway Type 

2U 3T 4U 4D 5T 

Number of Driveway-Related Collisions per Driveway per 

Year (Nj ) 

Major commercial 0.158 0.102 0.182 0.033 0.165 

Minor commercial 0.05 0.032 0.058 0.011 0.053 

Major industrial/institutional 0.172 0.11 0.198 0.036 0.181 

Minor industrial/institutional 0.023 0.015 0.026 0.005 0.024 

Major residential 0.083 0.053 0.096 0.018 0.087 

Minor residential 0.016 0.01 0.018 0.003 0.016 

Other 0.025 0.016 0.029 0.005 0.027 

Regression Coefficient for AADT (t) 

All driveways 1 1 1.172 1.106 1.172 

Overdispersion Parameter (k) 

All driveways 0.81 1.1 0.81 1.39 0.1 

Proportion of Fatal-and-Injury Crashes (fdwy) 

All driveways 0.323 0.243 0.342 0.284 0.269 

Proportion of Property-Damage-Only Crashes 

All driveways 0.677 0.757 0.658 0.716 0.731 

Note: Includes only unsignalized driveways; signalized driveways are analyzed as signalized intersections. 

Major driveways serve 50 or more parking spaces; minor driveways serve less than 50 parking spaces. 
 

 Table (A-4). Pedestrian Crash Adjustment Factor for Roadway Segment  

  
  

Road type 

Pedestrian Crash Adjustment Factor (fpedr) 

HSM-Provided Values Locally-Derived Values 

Posted Speed 30 mph 

or Lower 

Posted Speed Greater 

than 30 mph 

Posted Speed 30 

mph or Lower 

Posted Speed 

Greater than 

30 mph 

2U 0.036 0.005 0.041 0.061 

3T 0.041 0.013 0.042 0.062 

4U 0.022 0.009 0.043 0.063 

4D 0.067 0.019 0.044 0.064 

5T 0.030 0.023 0.045 0.065 

Note:  These factors apply to the methodology for predicting total crashes (all severity levels combined). All 

pedestrian collisions resulting from this adjustment factor are treated as fatal-and-injury crashes and none as 
property-damage-only crashes.  Source:  HSIS data for Washington (2002-2006) 

  

Table (A-5). Bicycle Crash Adjustment Factor for Roadway Segments 

 

 

Road type 

Bicycle Crash Adjustment Factor (fbiker) 

HSM-Provided Values Locally-Derived Values 

Posted 

Speed 30 

mph or 

Lower 

Posted Speed 

Greater than 30 

mph 

Posted Speed 30 mph or 

Lower 

Posted Speed Greater 

than 30 mph 

2U 0.018 0.004 0.021 0.031 

3T 0.027 0.007 0.022 0.032 

4U 0.011 0.002 0.023 0.033 

4D 0.013 0.005 0.024 0.034 

5T 0.050 0.012 0.025 0.035 

 

 



  
 

  

 

Table (A-6). Values of fpk Used in Determining the Crash Modification Factor for On-Street Parking 

Type of Parking and Land Use 

Parallel Parking Angle Parking 

Road Type Residential/Other 
Commercial or 

Industrial/Institutional 
Residential/Other 

Commercial or 
Industrial/Institutional 

2U 1.465 2.074 3.428 4.853 

3T 1.465 2.074 3.428 4.853 

4U 1.1 1.709 2.574 3.999 

4D 1.1 1.709 2.574 3.999 

5T 1.1 1.709 2.574 3.999 
 

Table (A-7). Fixed-Object Offset Factor 

Offset to Fixed Objects (Ofo) (ft) Fixed-Object Offset Factor (foffset) 

2 0.232 

5 0.133 

10 0.087 

15 0.068 

20 0.057 

25 0.049 

30 0.044 
 

  Table (A-8). Proportion of Fixed-Object Collisions   

Road 

Type 
  

  

HSM-Provided Values Locally-Derived Values 

Proportion of Fixed-Object Collisions (pfo) Proportion of Fixed-Object Collisions (pfo) 

2U 0.059 0.050 

3T 0.034 0.060 

4U 0.037 0.070 

4D 0.036 0.080 

5T 0.016 0.080 
 

Table (A-9). CMFs for Median Widths on Divided Roadway Segments without a Median Barrier 

(CMF3r) 

Median Width (ft) Fixed-Object Offset Factor (foffset) 

10 1.01 

15 1 

20 0.99 

30 0.98 

40 0.97 

50 0.96 

60 0.95 

70 0.94 

80 0.93 

90 0.93 

100 0.92 

  

 

 



  
 

  

 

s for Unlighted Roadway SegmentsNighttime Crash Proportion  )01-Table (A 

Road Type 
  

  

HSM-Provided Values Locally-Derived Values 

Proportion of Total 

Nighttime Crashes by 

Severity Level 

Proportion of 

Crashes that 

Occur at Night 

Proportion of Total 

Nighttime Crashes by 

Severity Level 

Proportion of 

Crashes that 

Occur at Night 

  
Fatal and Injury 

(pinr) 

PDO 

(ppnr) 
(pnr) 

Fatal and 
Injury 
(pinr) 

PDO 

(ppnr) 
(pnr) 

2U 0.424 0.576 0.316 0.100 0.150 0.900 

3T 0.429 0.571 0.304 0.200 0.250 0.800 

4U 0.517 0.483 0.365 0.300 0.350 0.700 

4D 0.364 0.636 0.410 0.400 0.450 0.600 

5T 0.432 0.568 0.274 0.500 0.550 0.500 
 

Table (A-11). SPF Coefficients for Multiple-Vehicle Collisions at Intersections 

Intersection type 
Intercept AADTmaj AADTmin Over dispersion    

parameter (k) 

(a) (b) (c) 

Total crashes 

3ST -13.36 1.11 0.41 0.8 

3SG -12.13 1.11 0.26 0.33 

4ST -8.9 0.82 0.25 0.4 

4SG -10.99 1.07 0.23 0.39 

Fatal-and-injury crashes 

3ST -14.01 1.16 0.3 0.69 

3SG -11.58 1.02 0.17 0.3 

4ST -11.13 0.93 0.28 0.48 

4SG -13.14 1.18 0.22 0.33 

Property-damage-only crashes 

3ST -15.38 1.2 0.51 0.77 

3SG -13.24 1.14 0.3 0.36 

4ST -8.74 0.77 0.23 0.4 

4SG -11.02 1.02 0.24 0.44 
 

Table (A-12). SPF Coefficients for Single-Vehicle Crashes at Intersections 

Intersection type 
Intercept AADTmaj AADTmin Overdispersion    

parameter     (k) 

(a) (b) (c) 

Total crashes 

3ST -6.81 0.16 0.51 1.14 

3SG -9.02 0.42 0.4 0.36 

4ST -5.33 0.33 0.12 0.65 

4SG -10.21 0.68 0.27 0.36 

Fatal-and-injury crashes 

3ST -- -- -- -- 

3SG -9.75 0.27 0.51 0.24 

4ST -- -- -- -- 

4SG -9.25 0.43 0.29 0.09 

Property-damage-only crashes 

3ST -8.36 0.25 0.55 1.29 

3SG -9.08 0.45 0.33 0.53 

4ST -7.04 0.36 0.25 0.54 

4SG -11.34 0.78 0.25 0.44 



  
 

  

 

Table (A-13). Crash Modification Factor (CMF1i) for Installation of Left-Turn Lanes on Intersection 

Approaches 

Intersection 

Type 
Intersection traffic control 

Number of approaches with left-turn lanes a 

One 

approach 

Two 

approaches 

Three 

approaches 

Four 

approaches 

3ST Minor-road STOP controlb 0.67 0.45 -- -- 

3SG Traffic signal 0.93 0.86 0.8 0.8 

4ST Minor-road STOP controla 0.73 0.53 -- -- 

4SG Traffic signal 0.9 0.81 0.73 0.66 
a STOP-controlled approaches are not considered in determining the number of approaches with left-turn lanes. 

b Stop signs present on minor-road approaches only. 

 

Table (A-14). Crash Modification Factor (CMF2i) for Type of Left-Turn Signal Phasing 

Type of Left-Turn Signal Phasing CMF2i 

Permissive 1.00 

Protected/permissive or permissive/protected 0.99 

Protected 0.94 

 

Table (A-15). Crash Modification Factor (CMF3i) for Installation of Right-Turn Lanes on Intersection 

Approaches 

Intersection 

Type 
Intersection traffic control 

Number of approaches with right-turn lanes a 

 One  

approach 

Two 

approaches 

Three 

approaches 

Four 

approaches 

3ST Minor-road STOP controlb 0.86 0.74 -- -- 

3SG Traffic signal 0.96 0.92 -- -- 

4ST Minor-road STOP controla 0.86 0.74 -- -- 

4SG Traffic signal 0.96 0.92 0.88 0.85 
a STOP-controlled approaches are not considered in determining the number of approaches with right-turn lanes. 

b Stop signs present on minor-road approaches only. 

 

Table (A-16). Nighttime Crash Proportions for Unlighted Intersections 

Intersection Type 
Proportion of crashes that occur at night, pni 

HSM-Provided Values Locally-Derived Values 

3ST 0.238 0.3 

4ST 0.229 0.31 

3SG 0.235 0.32 

4SG 0.235 0.33 

 

 

 

 



  
 

  

 

Table (A-17). Distribution of Multiple-Vehicle Collisions for Intersections by Collision Type 

 

 

Collision type 

Proportion of crashes by severity level for specific intersection types 

HSM-Provided Values 

3ST 3SG 4ST 4SG 

FI PDO FI PDO FI PDO FI PDO 

Rear-end collision 0.421 0.440 0.549 0.546 0.338 0.374 0.450 0.483 

Head-on collision 0.045 0.023 0.038 0.020 0.041 0.030 0.049 0.030 

Angle collision 0.343 0.262 0.280 0.204 0.440 0.335 0.347 0.244 

Sideswipe 0.126 0.040 0.076 0.032 0.121 0.044 0.099 0.032 

Other multiple-

vehicle collision 
0.065 0.235 0.057 0.198 0.060 0.217 0.055 0.211 
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Appendix B 

The Layout and Traffic Operations for all Segments and Intersections 

Segments that are suggested for this study are as follows: 

 

1) Qazi Mohammad Segment 

Qazi Mohammad Road is a 6- lane divided highway located in Duhok city along Qazi Mohamad 

Roadway. It starts from Kurdistan Roundabout near Shilan hospital and ends at Jodi 

intersection. Qazi Mohamad road is considered a very crowded location because many 

commercial shops, restaurants, cafes, health centers and medical are located along this segment. 

As a result of these crowded spots specifically during the peak hours the number of traffic 

accidents at this location is high. The team worked to collect the traffic volume at this location 

for both directions of travel during the specified peak hour which is in the evening time. Figure 

(B-1) illustrates the location of the segment. 

 

 
 

Figure (B-1): The location of Qazi Mohamad segment 

2) Barzan Segment (Gavarki) 

Barzan Roadway is considered the main freeway in Duhok city, which is a 6- lane divided 

highway located along the south side of the city starting from Semel to the west of Duhok city 

to Etite and the industrial area to the east. The optimum part with the highest crash frequency 

of this segment is selected for the study which is the part that is located at Gavarki. Barzan 

segment (Gavarki) starts from Binavi 1 Intersection to the Zozan Oil Station and Gavarki 

Restaurant. This roadway is considered the main road for trading vehicles to use. It is used for 



  
 

  

 

vehicles carrying trades loads to Duhok city or to other cities. This makes this roadway very 

crowded. As a result, the number of traffic accidents at this roadway is high. The team worked 

to collect the traffic volume at this location for both directions of travel during the specified 

peak hour in the evening time. Figure (B-2) shows the location of the segment. 

 

 
 

Figure (B-2): Location of Barzan Segment (Gavarki) 

3) Zakho Segment (Malta Road) 

 The segment is a 4- lane divided highway located along Zakho Roadway near Gare Malta 

Intersection and Malta car industrial. It starts from Gare Malta intersection to the Interchange 

that connect Zakho roadway with Barzan roadway. The site is selected according to its location 

as active area during all the day. This route becomes crowded as it directs to the Malta industrial 

area and to the university of Duhok. In addition to that, during the evening period from 18:00 

until 20:00, this area becomes very crowded due to opening shops and the people or workers 

finishing their works. For all of this the number of crashes occur at this location is high. The 

team worked at this site to collect the traffic volume for both directions of travel, furthermore 

other data required for the analysis process is collected. Figure (B-3) demonstrates the location 

of the segment. 

 



  
 

  

 

 

Figure (B-3): Zakho Roadway Segment 

4) Qanati Kurdo Segment (Masik Roadway) 

Masik Road is a 4- lane divided highway located in Duhok city along Qanati Kurdo Roadway. 

It starts from Qanati Kurdo Intersection Near Zada Oil station and ends at the Intersection that 

connects Qanati Kurdo to Zirka Roadway. This site has been selected due to its location at an 

active area during the day and due to the high number of crashes that occurs at this location. 

There are many commercial, industrial, residential, health center located along the route and 

make it very crowded, especially during the evening peak hours. The team worked to collect 

the traffic volume and other required data for the analysis. Figure (B-4) illustrates the segment. 

 

 
 

Figure (B-4): Qanate Kurdo Segment 

5) Amad Segment or (Zari Land segment) 

Amad segment is a 4- lane divided highway located in Duhok city along Amad Roadway. It 

starts from Zari land Intersection to the ends of Amad roadway (Amad road with Qanate Kurdo 

intersection) close to Sabah Molhim Mosque. It is considered a very crowded location. Many 



  
 

  

 

medical and health center (e.g. Zari Land complex), restaurants, commercial shops, and cafes 

located along this street. The selected street connects the road from Qazi Mohamad road (KRO 

street) and Qanate Kurdo road (Masike road). As such, this segment is considered one of the 

important location since it subject to the occurrence of a high rate of accidents and congestions 

during the peak hours. The team worked to collect the required data for the analysis. Figure (B-

5) shows the segment. 

  

 

Figure (B-5): location of Amad Segment (Zari Land road) 

6) Zirka Segment 

Zirka Road is a 4- lane divided highway located in Duhok city along Zirka roadway. It starts 

from the intersection that connects Qanati Kurdo roadway within Zirka roadway, and ends at 

the roundabout that connets Zirka roadway within Badlesi Road. It is considered one of the 

important locations due to the high rate of accidents at this segment. Many commercial, and 

industrial area are located at this segment. The required data and information about this location 

have been gathered for the analysis. Figure (B-6) illustrates the location of the segment. 

 

Figure (B-6): Location of Zirka Roadway 



  
 

  

 

7) Zirka Segment 2 

This segment is a 6- lane divided highway located along Zirka roadway in Duhok city. It starts 

from the intersection that connects Zirka Road with Qazi Mohamad Road to the Malta traffic 

police which is the end of Zirka Roadway. Many commercial shops, restaurants, mosque and 

other area are located along this route. In addition to that, this segment is the way that leads to 

the university of Duhok. Therefore, it is exposed to many congestions during the peak hours, 

and as a result the rate of accidents in this route is high. The required data were collected during 

the specified peak hour by the team for both directions of travel. Figure (B-7) illustrates the 

segment location. 

 

 
Figure (B-7): shows the location of segment 

8) Sarhaldan segment 

Serhaldan Segment is a 4- lane divided highway located in Duhok city along Sarhaldan 

Roadway (Baroshki). It starts from the Interchange that connects between Sarhaldan and Barzan 

roadway and the way of Duhok to Erbil which is close to Car industrial and ends at the 

intersection that connects Peshmarge road with Sarhaldan road which is called Chira 

intersection. Many commercial shops, industrial (Car industrial) area, residential areas, 

restaurants, and schools are located along the segment which make it very crowded during all 

the day especially during the peak hours. Another thing that makes this segment important is 

that it links between Duhok and Erbil city. During the evening period from 7:00 until 8:00, 

crowding is noticed in this area due to shops street and the people or workers finishing their 

works. As such, this place experiences a high rate of crashes. All the data required were gathered 

for the analysis. Figure (B-8) illustrates the segment.   



  
 

  

 

 

Figure (B-8):  location of the segment 

9) Shahidan Segment 

Shahidan segment is a 4- lane divided highway located in Duhok city along Shahidan Roadway. 

It starts from Mam and Zein Roundabout that connects Shahidan roadway with Nawroz 

roadway as well as Chira roadway to the ends of Shahidan roadway close to Shahid Mula Anwar 

Mosque. Many commercial, and residential areas, restaurant, cafes located at this segment, 

which make it more important and crowded and exposed to a high rate of crashes during all the 

days, because it is linked with other important and congested roadway. The team worked during 

the peak hour from (7:00 – 8:00) to collect the peak hour volume. Figure (B-9) demonstrates 

the site of the segment. 

 

Figure (B-9): location of the segment 

10) Riza Segment (Silav Roadway) 

Riza Road is a 4- lane divided highway located in Duhok city along Riza Roadway. It starts 

from the Intersection that connect Raza Roadway with Ganjina Road and Shahiden 1 shwate 

near Duhok Sports Stadium and ends at the Intersection that connects Raza roadway and 

Shorash bridge. This segment is considered a very important location because of large number 



  
 

  

 

of medical and health centers located at this segment as well as many commercial places, 

restaurants, in addition to the sport stadium. Therefore, the large number of vehicle passing 

through this area subject to a large number of accident. The traffic volume and other important 

data were collected by two teams. Figure (B-10) shows the segment  

 
 

Figure (B-10): location of the segment 

11) Silav Segment (Silav Roadway) 

Silav Road is a 4- lane divided highway located in Duhok city along Silav Roadway. It starts 

from the Interchange that connects Barzan Roadway with Silav Roadway near Azadi park and 

Azadi Hospital and ends at the Interchange that connects Raza roadway and Shimik Zara 

roadway as well as Silav roadway near Sulav Hotel. This segment is considered an important 

location because a large number of health center, hospitals, commercial area, industrial area are 

located at this segment in addition to some residential areas. The peak hour volume is collected 

by two team at both directions of travel. Figure (B-11) demonstrates the location of the segment. 

 

 

Figure (B-11):  Location of Silav segment 



  
 

  

 

Intersections that are suggested for this study are as follow: 

1) Binavi One Intersection 

Binavi One Intersection is a Three-leg signalized intersection located in Duhok City near Binavi 

One Fuel Station. The major approach is located along Barzan road, which is a 6- lane divided 

highway. The minor approach is located along Australia road, which is a 4-lane divided 

highway. The intersection is considered one of the important intersection because it is located 

along the Barzan major freeway, and connects different active routes leading to commercial, 

residential areas. It therefore, experiences a large number of accidents. Two teams worked at 

this location to record the data through the manual recording, one team at each direction of 

travel during the peak hour. Figures (B-12) through (B-14) illustrate the location and movement 

of the intersection 

 

Figure (B-12):ِlocation of the intersection 

   

Figure (B-13): Traffic Operation at Major Approaches 



  
 

  

 

 

 

 

 
 

 

 
 

 

 

 
 

 
 

 

 

 

2)   Chamber of Commerce Intersection 

Chamber of Commerce intersection is a three-leg signalized intersection located in Duhok City 

near the Directorate of chamber of commerce. The major approach is located along Zakho road 

(Zakho Way), which is a 6- lane divided highway. The minor approach is located along 

Mahabad street, which is a 4- lane undivided highway. It is considered one of the important 

intersections, since it is located at one of the major roads (Zakho Roadway). In addition, the 

intersection is crowded during the day time specifically during the evening peak hour. This 

intersection links different active routes which lead to many commercial, residential, 

restaurants, cafes and other areas. Two teams worked at this locations, one team for each travel 

direction. Figures (B-15) through (B-17) illustrate the location and the direction of each 

approach. 

 

 

Figure (B-15): Location of Chamber of Commerce Intersection 

Figure (B-14): Traffic operations at major approach 

 



  
 

  

 

   

 

Figure (B-16): Traffic movements of the major approach at Chamber of commerce intersection 

 

 

 

 

 

 

 

 

 

3) Chira Intersection 

Chira Intersection is a Three-leg signalized intersection located in Duhok City near Chira school 

and Sarhaldan Police Station. The major approach is located along Sarhaldan road, which is a 

4- lane divided highway. The minor approach is located along Peshmarga Road, which is a 4-

lane divided highway. It is considered one of the important intersections, because of its location 

that links different routes which lead to residential, commercial, industrial, educational areas. 

The major approach is located along Sarhaldan roadway which leads to Erbil city.  Furthermore, 

during the evening peak hour, this intersection experiences a high rate of congestion, 

subsequently to high number of crashes. Two teams worked at this location to collect the 

required peak hour volume, one team at each direction of travel. Figures (B-18) through (B-20) 

demonstrate the intersection location and traffic movement direction for each approach. 

Figure (B-17): Traffic movements of the minor approach at Chamber 
of commerce intersection 

 



  
 

  

 

 

Figure (B-18):  Location and Lay out of Chira Intersection 

 

Figure (B-19): Traffic movement or traffic operation of the major approach of Chira Intersection 

   

 

 

 

 

 

Figure (B-20): Traffic movement or traffic operation of the minor approach of Chira Intersection 

4) Diyari Intersection 

Diyari Intersection is a Three-leg signalized intersection located in Duhok City near Sardam 

Elementary school. The major approach is located along Sarhaldan road, which is a 4- lane 

divided highway. The minor approach is located along Diyari Bridge, which is a 4-lane 

undivided highway. Diyari intersection is considered to be crowded because many commercial 

places, restaurants, and schools are located along the road. Two teams worked during the peak 



  
 

  

 

hour to collect the traffic volume. Figures (B-21) through (B-23) illustrate the location and the 

movement of the intersection approaches. 

 
 

 

 

 

 

 

Figure (B-21): Location and Lay out of Diyari Intersection 

 

Figure (B-22): Traffic movement or traffic operation of the major approach of Diyari Intersection 

 

 

 

 

 

 

     

 

5) Mini Market Intersection 

Mini Market Intersection is a Three-leg signalized intersection located in Duhok City near Mini 

Market and Duhok Environmental Directorate. The major approach is located along Barzan 

Road, which is a 6- lane divided highway. The minor approach is located along Sarok Road, 

which is a 4-lane divided highway. The intersection is one of the important intersections and 

Figure (B-23): Traffic movement or traffic operation of the 
minor approach of Diyari Intersection 

 



  
 

  

 

the most congested one because it is located along the Barzan major freeway, and linked 

between different active routes which lead to many commercial areas, residential area, therefore 

this intersection experiences a large number of accidents. Two teams worked at this location to 

record the data through the manual recording; one team at each direction of travel during the 

peak hour. Figures (B-24) through (B-26) show the location and movement of each approach. 

 

 

Figure (B-24): location and layout of Mini market intersection  

Figure (B-25): Traffic movement or traffic operation of the major approach of Mini Market Intersection 

 

 

 

  

 

 

 

Figure (B-26): Traffic movement or traffic operation of the minor approach of Mini Market Intersection 

6) Qazi Mohammad Intersection 

Qazi Mohammad Intersection is a four-leg signalized intersection located in Duhok City near 

Qazi Mohammad Mosque. The major approach is located along Shahiden 1 Shwate road, which 

is a 4- lane divided highway. The minor approach is located along Sarok Road, which is a 4-



  
 

  

 

lane divided highway. The location is a link between different active routes that lead to many 

residential, commercial, mosques, and other areas located in this area. In addition, the evening 

peak hour shows high rates of traffic volume which in turn leads to many accidents. Also, two 

teams worked at this location, one team for each direction of travel. Figures (B-27) through (B-

29) illustrate the location and the movement for each approach. 

 

Figure (B-27): location and layout of Qazi mohamad intersection 

 

Figure (B-28): Traffic movement or traffic operation of the major approach of Qazi Mohamad Intersection 

 

Figure (B-29): Traffic movement or traffic operation of the minor approach of Qazi Mohamad Intersection 

7) Shahidan Intersection (Jodi Intersection) 

Shahidan intersection is a three-leg signalized intersection located in Duhok City near Avro 

Company. The major approach is located along Qazi Mohamad road which is a 6- lane divided 

highway. The minor approach is located along Jaladat Badrkhani street, which is a 4- lane 

undivided highway. This intersection is located at the middle of the Qazi Mohamad road, 



  
 

  

 

surrounded with many commercial shops, residential areas, medical complex and health 

centers, which make it very crowded during the peak hours. The same procedure has been 

conducted to collect the traffic volume for both directions of travel. Figures (B-30) through (B-

32) illustrate the location and movement. 

 

 

 

 

 

 

 

 

Figure (B-30): location and movement of Jodi intersection   

Figure (B-31): Traffic movement or traffic operation of the major approach of Jodi Intersection 

 

 

 

 

 

 

Figure (B-32): Traffic movement or traffic operation of the minor approach of Jodi Intersection 

8)   Income Tax intersection 

Income Tax intersection is a four-leg signalized intersection located in Duhok City near the 

Directorate of Income Tax. The major approach is located along Zakho road (Zakho Way), 

which is a 6- lane divided highway. The minor approach is located along Amad street, which is 



  
 

  

 

a 6-lanes divided highway. The intersection is considered the link between various active routes 

that lead to educational, commercial, and residential areas. During the evening peak hour the 

traffic volume increases due to the regular close of businesses. Two teams collected the required 

data during the evening peak hour for the two direction of travel at both the major and minor 

approaches. Figures (B-33) through (B-35) show the movement and location of intersection. 

 

 

Figure (B-33): location and layout of Tax intersection  

 

Figure (B-34): Traffic movement or traffic operation of the major approach of Tax Intersection 

  

    Figure (B-35): Traffic movement or traffic operation of the minor approach of Tax Intersection 

 

 



  
 

  

 

9) Zari Land Intersection 

 

Zari Land Intersection is a four-leg signalized intersection located in Duhok City near Zari Land 

complex. The major approach is located along Qazi Mohamad road, which is a 6- lane divided 

highway. The minor approach is located along Amad street, which is a 6-lane divided highway. 

This intersection is considered to be very crowded because of its location along Qazi Mohamad 

street. Many medical and health centers such as Zari land medical complex, as well as cafes, 

restaurants, commercial shops and Duhok mall are located along the street. The intersection 

connects the street coming from Malta neighborhood and KRO street with Masike and Zerka 

areas. It is therefore, exposed to a high rate of accidents. Two teams worked to collect the 

required data. Figures (B-36) through (B-38) illustrate the location and movement of the 

intersection. 

 

 

Figure (B-36): location and layout of Zari land intersection 

 

Figure (B-37): Traffic movement or traffic operation of the major approach of Zari land Intersection 

 



  
 

  

 

 

Figure (B-38): Traffic movement or traffic operation of the minor approach of Zari land Intersection 

10)    Binavi 2 Intersection 

 

Binavi 2 Intersection is a four-leg signalized intersection located in Duhok City near Binavi 2 

oil station. The major approach is located along Amad road, which is a 4- lane divided highway. 

The minor approach is located along Dedavan street, which is a 4-lane divided highway. This 

intersection is considered an active and crowded location because it directs traffic to many 

commercial and industrial areas and connects between two major intersections, namely Zari 

land and tax intersections. Therefore, this intersection is exposed to many accident during the 

day. Two teams worked at this location to collect the required traffic volume. Figures (B-39) 

through (B-41) illustrate the location and the movement. 

 

 

Figure (B-39): location and layout of Binavi 2 intersection 



  
 

  

 

 

Figure (B-40): Traffic movement or traffic operation of the major approach of Binavi 2 Intersection 

 

Figure (B-41): Traffic movement or traffic operation of the minor approach of Binavi 2 Intersection 
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Appendix C 

 

The safety analysis of Duhok City road segments 

Table (C-1): The Observed Vehicle Crashes at the Qazi Mohamad Segment which is Collected from the 

Directorate of Traffic Police for the Years 2017, 2018, and 2019 

 Year  Observed Vehicle Crashes 
Crash Severity Level 

PDO FI 

2017 26 16 10 

2018 28 18 10 

2019 30 17 13 

Average Year 28 17 11 
 

Table (C-2). General Information and Input Data for Barzan Segment 

Input Data Site Conditions 

Roadway type  6 – lane divided 

Length of segment, L (mi) 1.1 

AADT (veh/day) 40,125 

Type of on-street parking   None  

Proportion of curb length with on-street parking 0 

Median width (ft)   21.0 

Lighting  Present 

Auto speed enforcement  Not Present 

Major commercial driveways 2 

Minor commercial driveways  4 

Major industrial / institutional driveways  2 

Minor industrial / institutional driveways  3 

Major residential driveways  0 

Minor residential driveways  5 

Other driveways  0 

Posted speed Posted Speed 50 mph  

Roadside fixed object density (fixed objects / mi) 104 

Offset to roadside fixed objects (ft) 6ft 

Calibration Factor, Cr 1.00 
 

Table (C-3): The Observed Vehicle Crashes at the Roadway Segment Which is Collected from the 

Directorate of Traffic Police for the Years 2017, 2018, and 2019 for Barzan Segment 

Crash Severity Level   Observed 

Vehicle Crashes 
Year  

PDO FI 

18 11 29 2017 

20 8 28 2018 

19 11 30 2019 

  19.0 10  29 Average Year 

 

 

 

 



  
 

  

 

 

Table (C-4): Predicted Number of Crashes for Different Collision Types at Barzan Segment 

Crash Severity Level 

Multiple vehicle non 

driveway collision 

Single vehicle 

crashes 

Multiple vehicle 

driveway collision 

Nbrmv crashes/year 
Nbrsv 

crashes/year 
Nbrdwy  crashes/year 

Total 16.396 2.716 3.346 

Fatal and Injury (FI) 4.313 0.556 0.900 

Property Damage Only (PDO) 12.0 2.16 2.446 

 

Table (C-5): Comparing Between Observed Vehicle Crashes and Predicted Crashes for Barzan Segment 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

10.0 

5 1 1 7.0 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

19.0 

12 3 3 18 

 

Table (C-6): General Information and Input Data for Zahko Segment 

Input Data Site Conditions 

Roadway type  4- lane divided  

Length of segment, L (mi) 0.82 

AADT (veh/day) 34,267 

Type of on-street parking   Parallel 

Proportion of curb length with on-street parking 0 

Median width (ft)  20.0 

Lighting   Present  

Auto speed enforcement   Not Present 

Major commercial driveways   1 

Minor commercial driveways   3 

Major industrial / institutional driveways   3 

Minor industrial / institutional driveways   4 

Major residential driveways   1 

Minor residential driveways   2 

Other driveways   3 

Posted speed Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 110 

Offset to roadside fixed objects (ft)  4 

Calibration Factor, Cr 1.00 

 

Table (C-7): Observed Vehicle Crashes at Zakho Segment 

Year  observed vehicle crashes 
crash severity level 

FI PDO 

2017 15 7 8 

2018 11 5 6 

2019 13 6 7 

Average  13 6 7 

 

 

 



  
 

  

 

 

Table (C-8): Predicted Number of Crashes for Different Collision Types at Zakho Segment 

Crash severity level 

Multiple vehicle 

non driveway 

collision 

Single vehicle 

crashes 

Multiple vehicle 

driveway collision 

Total 5.273 0.711 0.581 

Fatal and Injury (FI) 1.424 0.132 0.165 

Property Damage Only (PDO) 3.849 0.579 0.416 

 

Table (C-9): Comparing Between Observed Vehicle Crashes and Predicted Crashes for Zakho Segment 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

6.0 

2 1 1 4 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

7.0 

4 1 1 6 

 

Table (C-10): General Information and Input Data for Qanati kurdo Segment 

Input Data Site Conditions 

Roadway type  4- lane divided  

Length of segment, L (mi) 0.51 

`AADT (veh/day) 19,417 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.79 

Median width (ft)   6.5 

Lighting  Present 

Auto speed enforcement  Not Present 

Major commercial driveways  0 

Minor commercial driveways  0 

Major industrial / institutional driveways  0 

Minor industrial / institutional driveways  0 

Major residential driveways  6 

Minor residential driveways  8 

Other driveways  0 

Posted speed Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 290 

Offset to roadside fixed objects (ft)   3 

Calibration Factor, Cr 1.00 

 

Table (C-11): Observed Vehicle Crashes at Qanati kurdo Segment 

Year   observed crashes 
crash severity level 

FI PDO 

2017 9 2 7 

2018 14 6 8 

2019 13 4 9 

Average  12  4 8 

  

 



  
 

  

 

 

 

Table (C-12): Predicted Number of Crashes for Different Collision Types at Qanati Kurdo Segment 

Crash Severity Level 

Multiple vehicle non- 

driveway collisions 
Single vehicle crashes 

Multiple vehicle 

driveway collisions 

Nbrmv crashes/year Nbrsv crashes/year Nbrdwy  crashes/year 

Total 1.515 0.338 0.176 

Fatal and Injury (FI) 0.427 0.057 0.049 

Property Damage Only (PDO) 1.088 0.281 0.126 

 

 

Table (C-13): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

4.0 

1 0 0 1 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

8.0 

1 1 1 3 

 

Table (C-14): General Information and Input Data for Amad segment 

Input Data Site Conditions 

Roadway type  4- lane divided 

Length of segment, L (mi) 0.51 

AADT (veh/day) 22,500 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.78 

Median width (ft) - for divided only 7.0 

Lighting  Present  

Auto speed enforcement  Not Present 

Major commercial driveways 3 

Minor commercial driveways  1 

Major industrial / institutional driveways  1 

Minor industrial / institutional driveways  4 

Major residential driveways  2 

Minor residential driveways  7 

Other driveways  0 

Posted speed Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 216 

Offset to roadside fixed objects (ft)   5 

Calibration Factor, Cr 1.00 

 

Table (C-15): Observed Vehicle Crashes at Amad Segment 

 Year  observed vehicle crashes 
crash severity level 

FI PDO 

2017 14 5 9 

2018 10 4 6 

2019 9 3 6 

average 11 4 7 

 

 



  
 

  

 

 

Table (C-16): Predicted Number of Crashes for Different Collision Types at Amad Segment 

 Crash severity level 
Multiple vehicle non- 

driveway collisions 

Single vehicle 

crashes 

Multiple vehicle 

driveway collisions 

Total 1.851 0.363 0.194 

Fatal and Injury (FI) 0.593 0.063 0.055 

Property Damage Only (PDO) 1.258 0.3 0.139 

 

Table (C-17): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

4.0 

1 0 0 1 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

7.0 

2 1 1 4 

 

Table (C-18): General Information and Input Data for Zirka Segment 

Input Data Site Conditions 

Roadway type  4- lane divided 

Length of segment, L (mi) 0.93 

AADT (veh/day) 19,167 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.69 

Median width (ft)    6.0 

Lighting  Present  

Auto speed enforcement  Not Present 

Major commercial driveways  1 

Minor commercial driveways  0 

Major industrial / institutional driveways  1 

Minor industrial / institutional driveways  1 

Major residential driveways  12 

Minor residential driveways  12 

Other driveways  0 

Posted speed Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 156 

Offset to roadside fixed objects (ft)  6 

Calibration Factor, Cr 1.00 

 

Table (C-19): Observed Vehicle Crashes at Zirka Segment 

Year Observed Vehicle Crashes 
Crash Severity Level 

FI PDO 

2017 12 5 7 

2018 9 2 7 

2019 12 5 7 

Average Year 11 4 7 

 

Table (C- 20): Predicted Number of Crashes for Different Collision Types at Zirka Segment 

Crash severity level  
Multiple vehicle non- 

driveway collisions 

Single vehicle 

crashes 

Multiple vehicle 

driveway collisions 

Total 2.714 0.614 0.428 

Fatal and Injury (FI) 0.764 0.103 0.122 

Property Damage Only (PDO) 1.95 0.511 0.306 



  
 

  

 

 

Table (C-21): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

4.0 

1 1 1 3 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

7.0 

2 1 1 4 

 

Table (C-22): General Information and Input Data for Zirka Segment 

Input Data Site Conditions 

Roadway type  6- lane divided 

Length of segment, L (mi) 0.97 

AADT (veh/day) 21,000 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.66 

Median width (ft) - for divided only 18 

Lighting  Present  

Auto speed enforcement  Not Present 

Major commercial driveways  0 

Minor commercial driveways  3 

Major industrial / institutional driveways  0 

Minor industrial / institutional driveways 2 

Major residential driveways  2 

Minor residential driveways  7 

Other driveways  2 

Posted speed Posted Speed 50 mph 

Roadside fixed object density (fixed objects / mi) 98 

Offset to roadside fixed objects (ft)  6 

Calibration Factor, Cr 1.00 

 

Table (C-23): Observed Vehicle crashes at Zirka Segment 

Year   Observed Vehicle Crashes 
Crash Severity Level 

FI PDO 

2017 17 6 11 

2018 19 6 13 

2019 21 9 12 

Average Year 19 7 12 

 

Table (C-24): Predicted Number of Crashes for Different Collision Types at Zirka Segment 

 Crash severity level 
Multiple vehicle non- 

driveway collisions 

Single vehicle 

crashes 

Multiple vehicle 

driveway collisions 

Total 6.778 1.688 0.811 

Fatal and Injury (FI) 1.826 0.394 0.218 

Property Damage Only (PDO) 4.952 1.294 0.593 

 

 

 

 

 



  
 

  

 

 

 

Table (C-25): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-
Non Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

7.0 

3 1 1 5 

Predicted PDO Observed PDO 

Multiple Vehicle-
Non Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

12.0 

5 2 1 8 

 

Table (C-26): General Information and Input Data for Serhaldan Segment 

Input Data Site Conditions 

Roadway type  4- lane divided 

Length of segment, L (mi) 1.24 

AADT (veh/day) 33,467 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0 

Median width (ft)   9.0ft 

Lighting  Present 

Auto speed enforcement  Not Present 

Major commercial driveways  0.63 

Minor commercial driveways  1 

Major industrial / institutional driveways 6 

Minor industrial / institutional driveways  3 

Major residential driveways 33 

Minor residential driveways  18 

Other driveways  0 

Posted speed Posted Speed 40 mph  

Roadside fixed object density (fixed objects / mi) 112 

Offset to roadside fixed objects (ft) 5 

Calibration Factor, Cr 1 

 

Table (C-27): Observed Vehicle Crashes at Serhaldan Segment 

 Year  Observed Vehicle Crashes 
Crash Severity Level 

FI PDO 

2017 30 11 19 

2018 26 7 19 

2019 25 9 16 

Average Year 27 9 18 

 

Table (C-28): Predicted Number of Crashes for Different Collision Types at Serhaldan Segment 

Crash severity level  
Multiple vehicle non 

driveway collision 

Single vehicle 

crashes 

Multiple vehicle 

driveway collision 

Total 7.722 1.064 2.162 

Fatal and Injury (FI) 2.089 0.197 0.614 

Property Damage Only (PDO) 5.633 0.867 1.548 

 

 

 

 

 

 



  
 

  

 

 

 

Table (C-29): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

9.0 

2 1 1 4 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

18.0 

6 1 2 9 

 

Table (C-30): General Information and Input Data for Shahidan Segment 

Input Data Site Conditions 

Roadway type (2U, 3T, 4U, 4D, ST) 4D 

Length of segment, L (mi) 0.52 

AADT (veh/day) 29,520 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.88 

Median width (ft) - for divided only 10.0 

Lighting  Present 

Auto speed enforcement  Not Present 

Major commercial driveways  0 

Minor commercial driveways  1 

Major industrial / institutional driveways  1 

Minor industrial / institutional driveways  2 

Major residential driveways  3 

Minor residential driveways  13 

Other driveways  0 

Speed Category Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 256 

Offset to roadside fixed objects (ft) 5 

Calibration Factor, Cr 1.00 

 

Table (C-31): Observed Vehicle crashes at shahidan Segment 

Year   
Observed Vehicle 

Crashes 

Crash Severity Level 

FI PDO 

2017 17 6 11 

2018 13 5 8 

2019 15 4 11 

Average Year 15 5 10 
 

Table (C-32): Predicted Number of Crashes for Different Collision Types at Shahidan Segment 

Crash severity level  
Multiple vehicle non 

driveway collision 

Single vehicle 

crashes 

Multiple vehicle 

driveway collision 

Total 2.73 0.421 0.316 

Fatal and Injury (FI) 0.862 0.076 0.09 

Property Damage Only (PDO) 1.868 0.345 0.226 

 

 

 

 

 

 

 



  
 

  

 

 

 

Table (C-33): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

5.0 

1 0 0 1 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

10.0 

2 1 1 4 

 

Table (C-34): General Information and Input Data for Raza Segment 

Input Data Site Conditions 

Roadway type  4- lane divided 

Length of segment, L (mi) 0.83 

AADT (veh/day) 28,200 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.67  

Median width (ft) - for divided only 3.0 

Lighting  Present  

Auto speed enforcement  Not Present 

Major commercial driveways  0 

Minor commercial driveways  2 

Major industrial / institutional driveways  2 

Minor industrial / institutional driveways  8 

Major residential driveways  0 

Minor residential driveways  2 

Other driveways  2 

Posted speed Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 144 

Offset to roadside fixed objects (ft)   6 

Calibration Factor, Cr 1.00 
 

Table (C-35): Observed Vehicle Crashes at Raza Segment 

Year Observed Vehicle Crashes 
 Crash Severity Level 

FI PDO 

2017 16 6 10 

2018 13 7 6 

2019 13 5 8 

Average Year 14 6 8 
 

Table (C-36): Predicted Number of Crashes for Different Collision Types at Raza Segment 

 Crash severity level 
Multiple vehicle non 

driveway collision 

Single vehicle 

crashes 

Multiple vehicle 

driveway collision 

Total 4.095 0.657 0.39 

Fatal and Injury (FI) 1.122 0.118 0.11 

Property Damage Only (PDO) 2.973 0.539 0.279 

 
 

Table (C-37): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

6.0 

2 1 1 4 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

8.0 

5 1 1 7 



  
 

  

 

 

 

Table (C-38): General Information and Input Data for Silav Segment 

Input Data Site Conditions 

Roadway type  4- lane divided 

Length of segment, L (mi) 0.76 

AADT (veh/day) 30,392 

Type of on-street parking  Parallel 

Proportion of curb length with on-street parking 0.69 

Median width (ft)   4 

Lighting  Present  

Auto speed enforcement  Not Present 

Major commercial driveways  0 

Minor commercial driveways  2 

Major industrial / institutional driveways  6 

Minor industrial / institutional driveways  3 

Major residential driveways  1 

Minor residential driveways  3 

Other driveways  1 

Posted speed Posted Speed 40 mph 

Roadside fixed object density (fixed objects / mi) 165 

Offset to roadside fixed objects  5 

Calibration Factor, Cr 1.00 

 

Table (C-39): Observed Vehicle Crashes at Silav Segment 

Year   Observed Vehicle Crashes 
Crash Severity Level 

FI PDO 

2017 20 8 12 

2018 15 6 9 

2019 16 7 9 

Average Year 17 7 10 

 

Table (C-40): Predicted Number of Crashes for Different Collision Types at Silav Segment 

 Crash severity level 
Multiple vehicle non 

driveway collision 

Single vehicle 

crashes 

Multiple vehicle 

driveway collision 

Total 4.151 0.623 0.624 

Fatal and Injury (FI) 1.131 0.113 0.177 

Property Damage Only (PDO) 3.02 0.51 0.447 

 

 

Table (C-41): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI Observed FI 

Multiple Vehicle-Non 
Driveways 

Single Vehicle 
Multiple Vehicle- 

Driveways 
Total 

7.0 

2 1 1 4 

Predicted PDO Observed PDO 

Multiple Vehicle-Non 

Driveways 
Single Vehicle 

Multiple Vehicle- 

Driveways 
Total 

10.0 

3 1 1 5 
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Appendix D 
 

The Safety Analysis of Duhok City Intersections 

Table (D-1): Observed Vehicle Crashes at Zari land Intersection 

Crash Severity Level Observed (actual) Vehicle 

Crashes 
Year 

PDO (Property Damage Only) FI (Fatality, Injury) 

7 3 10 2017 

7 5 12 2018 

7 7 14 2019 

7.0   5.0   12.0 Average 

 

Table (D-2): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehicles Single Vehicle Total  
5 
 

4 1 5 

Predicted PDO (crashes/year) 

Multiple Vehicles Single Vehicle Total Observed PDO (crashes/year) 

7 1 8 7 

 

Table (D-3): Predicted Number of Crashes for Different Collision Types at Zari Land Intersection 

Crash severity level  Multiple vehicle non driveway collision Single vehicle crashes 

Total 10.331 0.617 

Fatal and Injury (FI) 3.434 0.154 

Property Damage Only (PDO) 6.857 0.463 

 

Table (D-4): General Information and Input Data for Binavi 1 Intersection 

Input Data Site Conditions 

Intersection type   3 leg- signalized intersection 

AADT major (veh/day) 53417 

AADT minor (veh/day) 14334 

Intersection lighting   Present 

Calibration factor, Ci 1 

Number of major-road approaches with left-turn lanes   2.0 

Number of major-road approaches with right-turn lanes   2.0 

Number of approaches with left-turn lanes    2 

Number of approaches with right-turn lanes   2 

Number of approaches with left-turn signal phasing  2 

Type of left-turn signal phasing for Leg #1 Not Applicable 

Type of left-turn signal phasing for Leg #2 Protected  

Type of left-turn signal phasing for Leg #3 Protected 

Type of left-turn signal phasing for Leg #4   Not Applicable 

Number of approaches with right-turn-on-red prohibited  0 

Intersection red light cameras   Present 

 

 

 

 



  
 

  

 

 Table (D-5): Observed Vehicle Crashes at Binavi 1 Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 16 6 10 

2018 11 2 9 

2019 12 4 8 

average  13 4 9 

 

Table (D-6): Predicted Number of Crashes for Different Collision Types at Binavi 1 Intersection 

Crash severity level  Multiple vehicle non driveway collision Single vehicle crashes 

Total 11.496 0.538 

Fatal and Injury (FI) 3.346 0.155 

Property Damage Only (PDO) 8.15 0.383 

 

Table (D-7): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
4 

4 1 5 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

8 1 9 9 

 

Table (D-8): General Information and Input Data for Chamber of Commerce Intersection 

Input Data Site Conditions 

Intersection type   
3 leg- signalized 

intersection 

AADT major (veh/day) 
 

46000 

AADT minor (veh/day)  1367 

Intersection lighting   Present 

Calibration factor, Ci 1.00 

Number of approaches with left-turn lanes     2 

Number of approaches with right-turn lanes     1 

Type of left-turn signal phasing for Leg #1 Not Applicable 

Type of left-turn signal phasing for Leg #2 Protected  

Type of left-turn signal phasing for Leg #3 Protected 

 Type of left-turn signal phasing for Leg #4 Not Applicable 

Number of approaches with right-turn-on-red prohibited   1 

Intersection red light cameras   Present 

 

Table (D-9): Observed Vehicle Crashes at Chamber of Commerce Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 7 2 5 

2018 10 4 6 

2019 7 3 4 

average  8 3 5 

 

 



  
 

  

 

Table (D-10): Predicted Number of Crashes for Different Collision Types at Chamber of Commerce 

Intersection 

 Crash severity level Multiple vehicle non driveway collision Single vehicle crashes 

Total 5.284 0.197 

Fatal and Injury (FI) 1.912 0.042 

Property Damage Only (PDO) 3.372 0.155 
 

Table (D-11): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
3 

2 1 3 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

4 1 5 5 
 

Table (D-12): General Information and Input Data for Chira Intersection 

Input Data Site Conditions 

Intersection type (3ST, 3SG, 4ST, 4SG) 4 leg- signalized intersection 

AADT major (veh/day) 32,917 

AADT minor (veh/day) 7750 

Intersection lighting   Present 

Calibration factor, Ci 1 

Number of approaches with left-turn lanes     2 

Number of approaches with right-turn lanes   0 

Number of approaches with left-turn signal phasing   2 

Type of left-turn signal phasing for Leg #1 Protected 

Type of left-turn signal phasing for Leg #2 Not Applicable 

Type of left-turn signal phasing for Leg #3 Protected 

Type of left-turn signal phasing for Leg #4   Not Applicable 

Number of approaches with right-turn-on-red prohibited   2 

Intersection red light cameras   Present 
 

Table (D-13): Observed Vehicle Crashes at Chira Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 10 2 8 

2018 10 5 5 

2019 7 2 5 

average  9 3 6 
 

Table (D-14): Predicted Number of Crashes for Different Collision Types at Chira Intersection 

Crash severity level  Multiple vehicle non driveway collision Single vehicle crashes 

Total 5.722 0.343 

Fatal and Injury (FI) 1.833 0.102 

Property Damage Only (PDO) 3.889 0.241 

 

Table (D-15): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
3 

2 1 3 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

4 1 5 6 

 



  
 

  

 

Table (D-16): General Information and Input Data for Diyari Intersection 

Input Data Site Conditions 

Intersection type  3 leg- signalized intersection 

AADT major (veh/day) 32,350 

AADT minor (veh/day) 1733 

Intersection lighting   Present 

Calibration factor, Ci 1 

Number of approaches with left-turn lanes    2 

Number of approaches with right-turn lanes    2 

Number of approaches with left-turn signal phasing  2 

Type of left-turn signal phasing for Leg #1 Protected 

Type of left-turn signal phasing for Leg #2 Not Applicable 

Type of left-turn signal phasing for Leg #3 protected 

Type of left-turn signal phasing for Leg #4   Not Applicable 

Number of approaches with right-turn-on-red prohibited  0 

Intersection red light cameras   Present 

 

Table (D-17): Observed Vehicle Crashes at Diyari Intersection 

Year   
Observed Vehicle 

Crashes 

Crash Severity 

FI PDO 

2017 6 3 3 

2018 8 3 5 

2019 4 0 4 

average  6 2 4 
 

Table (D-18): Predicted Number of Crashes for Different Collision Types at Diyari Intersection 

 Crash severity level Multiple vehicle non driveway collision Single vehicle crashes 

Total 3.802 0.187 

Fatal and Injury (FI) 1.386 0.043 

Property Damage Only (PDO) 2.416 0.144 
 

Table (D-19): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
2 

2 0 2 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

3 1 4 4 

 

Table (D-20): General Information and Input Data for Mini Market Intersection 

Input Data Site Conditions 

Intersection type (3ST, 3SG, 4ST, 4SG) 4 leg- signalized intersection 

AADT major (veh/day) 41,300 

AADT minor (veh/day) 8150 

Intersection lighting   Not Present  

Calibration factor, Ci 1 

Data for signalized intersections only: -- 

Number of approaches with left-turn lanes     2 

Number of approaches with right-turn lanes     2 

Number of approaches with left-turn signal phasing   2 

Type of left-turn signal phasing for Leg #1 Not Applicable 

Type of left-turn signal phasing for Leg #2 Protected 

Type of left-turn signal phasing for Leg #3 Protected 

Type of left-turn signal phasing for Leg #4   Not Applicable 

Number of approaches with right-turn-on-red prohibited  0 

Intersection red light cameras   Present 



  
 

  

 

 

Table (D-21): Observed Vehicle Crashes at Mini Market Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 9 4 5 

2018 11 5 6 

2019 7 3 4 

average  9 4 5 

 

Table (D-22): Predicted Number of Crashes for Different Collision Types at Diyari Intersection 

Crash severity level  
Multiple vehicle non 

driveway collision 
Single vehicle crashes 

Total 7.458 0.385 

Fatal and Injury (FI) 2.335 0.107 

Property Damage Only (PDO) 5.123 0.278 

 

Table (D-23): Comparing Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
4 

3 1 3 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

6 1 7 5 

 

Table (D-24): General Information and Input Data for Qazi mohamad Intersection 

Input Data Site Conditions 

Intersection type (3ST, 3SG, 4ST, 4SG) 
4 leg- signalized 

intersection 

AADT major (veh/day)  23,950 

AADT minor (veh/day) 7,917 

Intersection lighting   Present  

Calibration factor, Ci 1 

Number of approaches with left-turn lanes   4 

Number of approaches with right-turn lanes     1 

Number of approaches with left-turn signal phasing   4 

Type of left-turn signal phasing for Leg #1 protected 

Type of left-turn signal phasing for Leg #2 protected 

Type of left-turn signal phasing for Leg #3 protected 

Type of left-turn signal phasing for Leg #4   protected 

Number of approaches with right-turn-on-red prohibited    3 

Intersection red light cameras   Present 

 

Table (D-25): Observed Vehicle Crashes at Qazi Mohamad Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 5 0 5 

2018 8 2 6 

2019 8 4 4 

average  7 2 5 

 

 

 



  
 

  

 

 

Table (D-26): Predicted Number of Crashes for Different Collision Types at Qazi Mohamad Intersection 

 Crash severity level 
Multiple vehicle non 

driveway collision 
Single vehicle crashes 

Total 6.45 0.395 

Fatal and Injury (FI) 2.16 0.1 

Property Damage Only (PDO) 4.29 0.295 
 

Table (D-27): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
2 

3 0 3 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

5 1 6 5 
 

Table (D-28): General Information and Input Data for Jodi Intersection 

Input Data Site Conditions 

Intersection type  3 leg- signalized intersection 

AADT major (veh/day) 40,417 

AADT minor (veh/day) 7917 

Intersection lighting (present/not present) Not Present  

Calibration factor, Ci 1 

Number of approaches with left-turn lanes   2 

Number of approaches with right-turn lanes    1 

Number of approaches with left-turn signal phasing  2 

Type of left-turn signal phasing for Leg #1 Not Applicable 

Type of left-turn signal phasing for Leg #2 protected 

Type of left-turn signal phasing for Leg #3 protected 

Type of left-turn signal phasing for Leg #4  Not Applicable 

Number of approaches with right-turn-on-red prohibited  1 

Intersection red light cameras   Present 

 

Table (D-29): Observed Vehicle Crashes at Jodi Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 8 3 5 

2018 5 1 4 

2019 11 2 9 

average  8 2 6 
 

Table (D-30): Predicted Number of Crashes for Different Collision Types at Jodi Intersection 

Crash severity level  Multiple vehicle non driveway collision Single vehicle crashes 

Total 7.226 0.377 

Fatal and Injury (FI) 2.271 0.104 

Property Damage Only (PDO) 4.955 0.273 

 

Table (D-31): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
2 

3 1 4 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

5 1 6 6 

 



  
 

  

 

Table (D-32): General Information and Input Data for Tax Intersection 

Input Data Site Conditions 

Intersection type  4- signalized intersection 

AADT major (veh/day)  37,167 

AADT minor (veh/day)  27,500 

Intersection lighting   Present  

Calibration factor, Ci 1 

Number of approaches with left-turn lanes     4 

Number of approaches with right-turn lanes     4 

Number of approaches with left-turn signal phasing   4 

Type of left-turn signal phasing for Leg #1 protected 

Type of left-turn signal phasing for Leg #2 protected 

Type of left-turn signal phasing for Leg #3 protected 

Type of left-turn signal phasing for Leg #4  protected 

Number of approaches with right-turn-on-red prohibited  0 

Intersection red light cameras   Present 
 

Table (D-33): Observed Vehicle crashes at Tax Intersection 

Year   
Observed Vehicle 

Crashes 

Crash Severity 

FI PDO 

2017 15 4 11 

2018 12 5 7 

2019 15 6 9 

average  14 5 9 
 

Table (D-34): Predicted Number of Crashes for Different Collision Types at Tax Intersection 

 Crash severity kevel Multiple vehicle non driveway collision Single vehicle crashes 

Total 13.747 0.745 

Fatal and Injury (FI) 4.744 0.175 

Property Damage Only (PDO) 9.003 0.57 

 

Table (D-35): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
5 

5 1 6 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

9 1 10 9` 

 

Table (D-36): General Information and Input Data for Binavi 2 Intersection 

Input Data Site Conditions 

Intersection type  4- signalized intersection 

AADT major (veh/day) 28,842 

AADT minor (veh/day) 25,833 

Intersection lighting (present/not present) Present  

Calibration factor, Ci 1 

Number of approaches with left-turn lanes    4 

Number of approaches with right-turn lanes    4 

Number of approaches with left-turn signal phasing  4 

Type of left-turn signal phasing for Leg #1 protected 

Type of left-turn signal phasing for Leg #2 protected 

Type of left-turn signal phasing for Leg #3 protected 

Type of left-turn signal phasing for Leg #4  protected 

Number of approaches with right-turn-on-red prohibited  0 

Intersection red light cameras   Present 



  
 

  

 

 

Table (D-37): Observed Vehicle Crashes at Binavi 2 Intersection 

Year   Observed Vehicle Crashes 
Crash Severity 

FI PDO 

2017 10 4 6 

2018 12 5 7 

2019 8 3 5 

average  10 4 6 

 

Table (D-38): Predicted Number of Crashes for Different Collision Types at Binavi 2 Intersection 

 Crash severity level Multiple vehicle non driveway collision Single vehicle crashes 

Total 7.93 0.451 

Fatal and Injury (FI) 2.708 0.11 

Property Damage Only (PDO) 5.222 0.341 

 

Table (D-39): Comparison Between Observed Vehicle Crashes and Predicted Crashes 

Predicted FI (crashes/year) Observed FI (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 
4 

3 1 4 

Predicted PDO (crashes/year) 
Observed PDO (crashes/year) 

Multiple Vehiclesِ Single Vehicle Total 

6 1 7 6 

 

 

 

 

 

 

 

 

 

 

 



  
 

  

 

صةالالخ  
 

ِمنِأجلِتحسينِللعامةالسالمةِالمروريةِمصدرِقلقِكبيرِ ِالطرق. السالمةِعلىِ،ِوهيِعنصرِمهمِفيِاستراتيجيةِإدارة

والحكوماتِالمحليةِللحدِمنِعددِالحوادثِفيِشبكةِِةِمنِقبلِالباحثينِومهندسيِالنقلالطرقِالسريعة،ِبذلتِجهودِمكثف

  .الطرقِفيِمدينةِدهوك

مناسبةِللسالمةِعلىِشبكاتِالطرق.ِوفيِمدينةِدهوكِللحوادثِِومنِأجلِتقليلِعددِالحوادث،ِيجبِاتخاذِتدابيرِمضادةِ

ِالمركباتِالمسجلةِبشكلِكبيرِبسببِالنموِاَّلقتصاديِواَّلستقرارِبعدِعامِ ِارتفعِعدد الواقعةِفيِإقليمِكردستانِالعراق،

كأداةِِادثالحو،ِمماِأدىِإلىِزيادةِكبيرةِفيِحوادثِالمركبات.ِتهدفِهذهِاألطروحةِإلىِإدخالِمفهومِعواملِتعديل2005ِ

تحطمِالسيارةِداخلِمدينةِدهوكِِحوادثتحليليةِمهمةِلقياسِالسالمةِعلىِالطرق،ِوتحديدِالمواقعِاألكثرِعرضةِلوقوعِ

  . الحوادثللسالمةِقدِتساعدِفيِالحدِمنِ واقتراحِتدابيرِ

المستخدمةِفيِالتحليلِالحوادثِالحصولِعلىِبياناتِِوِطريقِفيِمدينةِدهوك11ِوِِاتتقاطع10ِمنِِمكونةتمِتقديمِدراسةِِ

   .2019و2018ِِو2017ِِمنِمديريةِشرطةِالمرورِفيِدهوكِللسنواتِ

المتواجدةِِتطبيقِطريقةِالتنبؤوىِجنبِمعِالخصائصِالهندسيةِ،ِوتقاطعِجنباِإلِطريقِلكلِيالمرورالحجمِِجرىِقياس 

الفعليةِِالحوادثمعِِتهامقارنوفيِكلِموقعِ،ِثمِدثِالحواتمِتحديدِالعددِالمتوقعِمنِمنِثمِِعلىِالمواقعِ،ِو HSMِ فيِ

  .)المالحظة(ِلتقييمِحالةِالسالمةِفيِكلِموقع

أظهرتِالنتائجِأنِجميعِالمواقعِتفتقرِإلىِالسالمةِالمروريةِالمناسبةِوِإلىِتحسيناتِفيِالسالمةِللحدِمنِحوادثِالمرور.ِِ

تيِقدِتحسنِالسالمةِالمروريةِباستخدامِموقعِمركزِتبادلِالمعلوماتِتمِإجراءِبحثِشاملِحولِالتدابيرِالمحتملةِللسالمةِال

ِالفيدراليةِللطرقِالسريعةِاألمريكية ِباتخاذِعدةِتدابيرِجرتِالتوصيةكلِموقع،ِوفيماِيتعلقِب (FHWA). التابعِلإلدارة

منِالعددِالفعليِللحوادثِفيِالمواقع.ِونتيجةِلذلك،ِانخفضِالعددِالمتوقعِللحوادثِِالتقليلِمنِخاللهاِيمكنوالتيِللسالمةِ

انخفاضاِكبيراِفيِكلِموقع،ِمماِيشيرِإلىِتحسنِكافِفيِالسالمةِفيِهذهِالمواقع.ِويمكنِتوسيعِنطاقِهذهِالطريقةِالمبتكرةِ

أنِتقيمCMFِِِِهِيمكنِلفيةِأيضا.ِوأظهرِالتحليلِأنلتقييمِسالمةِشبكةِالطرقِبأكملهاِفيِمدينةِدهوكِوالطرقِالسريعةِالري

مناسبةِِ يرتدابِتطبيقنِمعالجتهاِمنِخاللِمنِقطاعاتِالطرق،ِوالتيِيمكطريقِبشكلِفعالِحالةِالسالمةِفيِأيِتقاطعِأوِ

 .للسالمةِلتحسينِالسالمةِفيِالموقع

ِِ

  

 

 

 

 

 

 



  
 

  

 

 كورتي
 

ِتياسِِ ِوجِالمه ِ ِهاتن ِجهى  ِوونى  ِ.ژِپويتهدانهكا ِري كا ِبري ڤهبرنا ِدسرتاتيجيهتا ِگرنگه ِوپي كهاتهكى  ِخهلكى، ِبؤ بؤِمهزنه

ِسهباش ِرَّلتركرنا ِوئهيكيمهتيا ِڤهكولهر ِبلهز، ِحوكمهن ِوبهرپرسي ن ِنى  ِڤهگوهاست ِخؤمالندازياري ن ِمةزنِِیتا شياني ن

ِدهوكىِ راِرويداناِلسةرِتؤراِري كي نِباژمادمهزي خنِبؤِكي مكرناِهژ ِ.ي رى 

تؤري نِري كاِ.لباژي رئِِريي نِههڤدژِيي نِگونجاىِبهي نهِدانانِلسهِكي مكرناِهژماراِرويدانا،ِدڤي تِپي رابووني نِسالمةتيئژبؤِ

ِلههري ماِكوردستاناِعيراقئ،ِهژماراِترومبيل مهزنِزي دەبوِويهِژبهرِگهشهكرناِئابورىِكِىِەي نِتوماركرىِبشي ودهوكى 

ئهگهرئِزي دەبوونهكاِمهزنِدرويداني نِترومبي الِ.ئارمانِجاِڤئِِئهِڤِجهندەِبوویِە،ِو2005ِِوسهقامگيريئِپشتىِساَّل

شِبكهتِوەكِئامريهكئِشلوڤهكرنئِيئِگرنگِبؤِپيڤاناِهي شكپCMFsِِ کدادانئيراستڤهکرناِپِري ننامئِئهوەِتي گههئِفاكته

ِرويبدەنِدناڤِدهوكئ.سهَِّلمهتيئِلسهرِري كا،ِودەستنيشانكرناِجهي نِرويداني نِترومبي الِلئِ

ِيي نِههڤدژِيي نِهاريكارِبؤِكي مكرناِرويدانا.ِخاندناِحالهتىِژِ 11ِِجواريانِو10ِِباژي رِوپي شنياراِپي رابووني نِسهَّلمهتيى 

ِنامئ ِلباژي رئِدهوكئِدڤئ ِپي شكهشكرن ِري كِهاتة ِهاتِينهِِپارجه ِدشلوڤهكرنى  ِبكارئينان ِهاتينة ِيي ن ِپي كدادانئ داتايي ن

ِبؤِسالي نِوەر   2019و2018ِو2017ِِگرتنِژري ڤهبهرياِهاتنِوجووناِدهوكى 

ِپيڤانِبؤِهةرِكهرتهكىِوجواريانئِدگهلِساخلهتي نِئهندازيارىِشي وازئِ ِهاتنِوجوونئِدهي ته ِلڤينا يئHSMِ قهبارى 

ِتيه ِوهژِپي شبينيكرِنئِها ِنِلسةرِجها، ِبجهئينا ِپي ِجمارا ِاڤهري كرىِيا ِكدادانا ِوهاتيهِكىدەستنيشانكرنِلههرِجهههاتية ،

 .كىههلسةنگاندناِحالهتئِسهَّلمهتئِلههرِجههبؤِژِبهراوردكرنِدگهلِپي كداداني نِدروستى)ِدياركرىِ(

ِياِگونجاىِنينهِوپيتڤِىِيهِسهَّلمهتیِبهي تهِباشترِنجئة اماِدياركرِلههمىِجهي نِدەستنيشانكرىِسهَّلمهتياِهاتنِوجوونى 

ِ.ڤةكولينهكاِگشتىِهاتهِئةنجكرنِژبؤِكي مكرناِرويد ري كرىِبؤِڤهاجنِلدورِپي رابووني نِههڤدژِيي نِامدااني نِهاتنِوجوونى 

ِبؤِباشهمهَّلس ِجركرناِهاتنِوِتتيى  ِبري كاِبكارئيناناِسايتى  ِياِكارهووراِمژوونى   مريكاهزِلئهبؤِري كي نِبلِلیي رياِفيدراگقاسى 

FHWA ِ.ِِپي رابووني نِسهَّلمهتئِيي نِههڤدژهاتنهِپي شنياركرنِبؤِكي مكرناِهژماراِرويداناِلجهينِِبؤِههرِجههكى،ِجهندين

وئهڤهِئاماژەيهِبؤِباشترِبووِِههمهجور. ودئهنجامدا،ِهژماراِرويداني نِجاڤهري كرىِبشي وەكئِمهزنِكي مبووِبؤِههرِجههكىِ،

ِسهَّلمهتيئِلوانِجهاِ.ئهڤِشي وازئِداهي نهرِجي دبیِت تياِتؤراِري كاِهمهَّلبهي تهِبهرفرەهكرنِبؤِههلسهنگاندِناِسِناِئاستى 

)ِِ.ونداگزِيي نِهساِري كِي نِبلەوهةروِئدهوكِئي رژشتىِلباگكِىِەبشي و دشِي تِهةلسهنگاندناِِِ(HSMلدويڤِشلوڤهكرنى 

ِ ِئةڤ ِوجي دبيت ِري كئ، ِپشكهكا ِيان ِجواريانهكى  ِلههر ِكاريگهر ِى ِبشي وەك ِت ِبكه ِسهَّلمهتيئ ِبهي تهِحالهتئ جةندە

 ِ جارەسهركرنِبري كاِداناناِپي رابووني نِسهَّلمهتيئِيي نِههڤدژِيي نِگونجاىِبؤِباشتركرناِسهَّلمهتيئِلههرِجههكى.
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