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CHAPTER ONE 

INTRODUCTION 

 

1.1:  Introduction                                                               

      Arterials in any city, especially in religious tourism cities like Najaf and 

Kufa, are considered as important channels for transportation. Kufa-Najaf 

arterial was selected for this study which was suffering from traffic 

congestion that is one of the major problems in Iraq especially after 9 April 

1221; where many thousands of vehicles have been imported to Iraq without 

any evaluation studies for roads and intersections .                  

      The arterials are the main features of the transport networks. They are 

defined as facilities with signalized intersections that serve the through 

movements and provide access to the abutting properties [Everett & 

Wolfgang, 1٣71]. The traffic condition and geometric characteristics of the 

arterial restrict the motion of the vehicle along the arterials. Traffic flow 

interference may be caused by weather conditions, cross traffic, an accident, 

or other marginal conditions. Interference to traffic flow by one or more of 

these conditions causes reduction in speed, closer vehicle spacing, and 

greater density [Pignataro, 1٣7٩].                                             

      Geometric characteristics, traffic composition, free flow speed, type of 

terrain, weather conditions, etc. are the main factors influencing speed-flow 

relationship [AASHTO, 1٣٣٠]. The geometric characteristics of the arterial 

are very important. The existence and number of signalized intersections 

along the arterial are important factors, which restricted the motion of the 

vehicle. The signal timing and sequence phasing of the signalized 

intersection will affect the entering traffic volume of the arterial.                                                                                                           



1.0:  Research Objectives                                                  

       The main objectives of this work are evaluating the measures of 

effectiveness of the selected roadway using TRANSYT-7F (1221) and HCS 

(1222) software programs and make alternatives to improve its performance.                                                                                                  

                                                                   

1.٩:  Methodology                                                              

      The following methodology was adopted through the research:            

Step 1: Selection of the suitable method for data collection.                        

Step 0: Comprehensive survey to determine the peak hours to collect the                                                                                                                                                                                                                                                                                                          

necessary field data (speed and volume) during the selected observation 

intervals.                                                                    

Step ٩: Determine the percentage of heavy vehicles (minibus & truck).  

Step ٠: Select the suitable passenger car equivalent factors (PCU's),                                

depending on level terrain, for two types of vehicles (minibus & truck) 

which commonly used in the chosen arterial.                      

Step 5:  Reduction and analysis of the collected data.                                  

Step 6: Evaluation the level of service of the selected arterial by using                                                                                    

HCS (1222) and TRANSYT-7F (1221) software packages and                  

make six alternatives to improve the measures of effectiveness of the 

arterial.                                                                                  

 

 

 

 

 



1.٠:  Research Structure                                                   

      This study is conducted in a number of stages, which are described in the 

chapters of this thesis. This research is structured as follows:                

Chapter one: Introduction. 

     This chapter contains the objectives of the study, the methodology and 

the structure of the research.                                                                         

 

Chapter Two: Literature Review.                                                             

      Description of some models for estimating delay at both signalized 

intersection and arterial, and various types of simulation software that used 

in this study are presented in this chapter.                                            

                                                                                            

Chapter Three: Data Collection.                                                              

      This chapter is concerned with the selection of survey sites, study 

sections, and methods for the collection and abstraction of the required data.                                                                                                               

 

Chapter Four: Data Reduction and Analysis.                                        

       The operations performed on the raw data to obtain a set that was 

considered suitable for analysis, and the evaluation of the selected arterial by 

TRANSYT-7F (1221) and HCS (1222) software have been presented in this 

chapter.                                                                                               

 

Chapter Five: Conclusions                                  

      The overall research conclusions are reported in this chapter.                                                                                              

                                          

 



CHAPTER TWO 

LITERATURE REVIEW 

 

0.1: Introduction 

      This chapter is consisted of two sections. The first section includes the 

description of some models for estimating delay at both signalized 

intersections and arterials. This presentation is followed by an overview of 

various types of simulation models that will be used in the evaluating the 

measures of effectiveness of the arterial under study and other adopted 

programs.                                                                                         

                                                                                                      

0.0:  Delay Estimation Models  

      Delay time is a major factor in the analysis of congestion [Drew, 1٣67]. 

It could be defined as the lost travel time because of traffic frictions and 

traffic control devices. The delay time consists of two components, the first 

is the fixed delay which is caused by traffic control devices (traffic signals, 

stops signs, yield signs, and railroad crossings) and the second is the 

operational delay which is caused by interference between components of 

traffic [Pignataro, 1٣7٩] .                                      

                                                                 

0.0.1:  Delay Estimation Models at Isolated Signalized                        

Intersection       

      The delays experienced on the arterials are mainly associated with the 

signalized intersection where conflicting movements are separated and 



controlled by traffic signals. Delay is a key parameter in computing the level 

of service provided to motorists at signalized intersection.                  

      Average stopped delay can be defined as the total stopped delay 

experienced by all vehicles arriving during a designated period divided by 

the total volume of vehicles arriving during the same period. The stopped 

delay is the time an individual vehicle spends stopped in a queue while 

waiting to enter an intersection [Everett & Wolfgang, 1٣71].                    

      Delay at an intersection is categorized as uniform, random, and 

oversaturated delays [Kimber & Hollies, 1٣71]. If demand is less than 

capacity and vehicles arrive uniformly at a constant rate, this type of delay is 

referred to as uniform delay. The random delay is accounted for the 

randomness in arrivals between cycles because the arrival patterns of traffic 

flow are more likely to be random. The over-saturation delay is accounted 

for the delay when the demand exceeds capacity over along time interval.                                                                                                  

0.0.1.1:  HCM Model (0222)  

      After release of the Highway Capacity Manual (1991), numerous 

researches has been undertaken to assess the changes that were made in the 

delay estimated model with respect to the (1985) version of the manual. 

Fambro and Rouphail proposed a generalized delay model that corrected 

some of the problems found in the HCM model (1991) [Fambro & 

Rouphail, 1٣٣7].                                                                       

      In the HCM (1222), the average delay per vehicle for a lane group is 

given by the following Equations:                                                                 
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      The progression adjustment factor (PF), applies to all coordinated lane 

groups, whether the control is pretimed or no actuated in a semi actuated 

system. Progression primarily affects uniform delay; for this reason, the 

adjustment is applied only to d1. The value of PF may be determined by the 

following Equation:                                                         
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Where 

  d = control delay, in (sec/veh); 

 d1 = uniform delay, in (sec/veh);    

 d1 = incremental delay, in (sec/veh);    

 d1 = residual demand delay to account for over-saturation queues that                                                                     

may have existed before the analysis period, in (sec/veh);   

 C = cycle time, in (sec); 

 g = effective green time, in (sec);  

 X = degree of saturation, (v/c); 

 v = rate of flow, in (veh/hr); 



  c = capacity for lane group; in (veh/hr); 

  PF = progression adjustment factor;                                                          

  K = incremental delay factor dependent on signal controller setting                            

(2.52 for pretimed signals; vary between 2.21 to 2.52 for actuated             

controllers);                                                                                         

 I = upstream filtering/metering adjustment factor (1.2 for an isolated               

intersection);                                                                                         

 T = duration of analysis period, in (hr);  

 P = proportion of vehicles arriving during the green interval; and 

 fp =supplemental adjustment factor when the platoon arriving                           

during the green, taken from Table (1.1).                                           

       Five arrival types were defined based on the platoon ratio (Rp) which 

was the ratio of percent vehicles arriving on green to the green ratio of the 

movement. According to Table (1.1), the platoon ratio (Rp) ranges from 

2.111 to 1.222, increasing in platoon ratios or increasing arrival type 

number indicates a decrease in the progression. The arrival type number was 

derived on the basis of whether the front of the platoon arrived during the 

first, middle, or the last third of the green or red periods.            

There are three cases for estimating the term d1:                                 

1)  d1 = 2                                                                     …………..(1.5)         

   If there is no over-saturation queue exists at the start analysis periods.                          
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  If an over-saturation queue is presented at the start, but not at the end of the 

analysis period.                                                                                   
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      If an over-saturation exists at both start and end of the analysis period.  

yi = initial queue at the start of the analysis period .                                    

 

 

Table (0.1): Progression Adjustment Factors for Uniform Delay 

Calculation [HCM, 0222] 

 

 

PROGRESSION ADJUSTMENT FACTOR (PF) 

 

Arrival Type (AT) Green Ratio 

AT-1 AT-5 AT-1 AT-1 AT-1 AT-1  

2.752 

2.571 

2.٩٩٩ 

2.222 

2.222 

2.222 

2.1٩٩ 

2.71٠ 

2.555 

2.٩٩٩ 

2.222 

2.222 

1.222 

2.٣16 

2.1٣5 
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1.222 

1.222 

1.222 
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1.222 

1.222 
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Default Rp 

 



 

0.0.1.0 TRANSYT-7F (0220) 

      TRANSYT-7F (1221) estimates delay as follows :  

                                     do = du + drs                           ……………(1.8) 

Where 

do = total delay, in (veh-hr/hr); 

du = uniform delay, in (veh-hr/hr); 

drs = random and saturation delay, in (veh-hr/hr). 

                  t
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Where 

  mt = queue length during step t 

  n = number of steps in the cycle.  

 qt = number of vehicles arriving in interval t; 

 st = number of vehicles allowed to leave in interval t.  

      TRANSYT computes the combine effect of random delay and saturation 

delay using an algorithm which is as follows :                             

 

     …………(1.11)  
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Vi = volume on the link; 

 T = period length, normally 12 minutes.  

      It is important to note that the random and saturation delay is primarily a 

function of the degree of saturation and the period length. When the degree 

of saturation exceeds 1.2 (122:), the random and saturation delay increases 

very rapidly as the period length increases.                                    

0.0.0:  Delay Estimation Models at Arterials   

      Urban and suburban arterials are defined as facilities with signalized 

intersections that primarily serve through traffic [HCM, 0222]. The length 

of the arterial should be at least (1.5 km) in downtown areas and (1 km) in 

other areas with a signalized intersections spacing of (1 km) or less and the 

turning movement intersections should not exceed 12: of the total traffic 

volumes [HCM, 0222].                                                        

                                                                                                       

0.0.0.1:  The Highway Capacity Manual (HCM 0222) 

      (HCM-1222) Divided the arterial into segments, each segment is one 

directional distance from one signalized intersection to the next. Some 

consecutive segments are combining into a section when they have the same 

arterial class, segment length, speed limit, general land use and activity. The 

average travel speed of all through vehicles on the arterial was used to 

measure the level of service (LOS) of the arterial. The average travel speed 

is computed as follows:                                                
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
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3600

TIADLengthTimeRunning
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ARTSPD ……… (1.15)  

Where    

ARTSPD =arterial or section average travel speed, in (mph);                      

Length =arterial or section length, in (miles);                                           

 Running Time =total of the running time per mile on all segments   in the                           

arterial or section, in (sec); and                                            

  ∑TIAD =summation of the total of the approach delay at all                         

intersections along the arterial or section, in (sec).                    

      The intersection total approach delay was estimated using delay model 

for the isolated signalized intersection as follow:                             

 

D = 1.1 d                    …..…………. (1.11) 

 
Where                                                                                                     

D =intersection approach delay, in (sec/veh); and                                  

      The d is computed according to Equation (1.1). The arterial is classified 

into functional and design categories to special criterions as shown in Table 

(1.1). Then according to those categories the arterial is further classified into 

principal and minor arterials as shown in Table (1.1).                                                                                                              

      The running time in Equation (1.15) is estimated according to arterial 

class, segment length, and the free flow speed as shown in Table (1.1). The 

arterial level of service is based on average travel speed for all through 

vehicles on the arterial. The arterial classification (I, II, and III) is according 

to functional and design categories for the arterial, as illustrated in Tables 

(1.1) and (1.1). Six levels of service are defined as shown in Table (1.5).                                                                                     

 



 

 

Table (0.0): Aid in Establishing Arterial Classification. 

[HCM, 0222]  

 

Functional Category 

 

 

Criterion 

 Minor Arterials Principal Arterials 

Important 

 

Substantial 

 

Principal arterials 

 

 

 

Trips of moderate 

length within relatively 

small geographical 

areas. 

Very important 

 

Very minor 

 

Freeways, important activity 

centers, major traffic generators. 

 

 

Relatively long trips between above 

points and through trips entering, 

leaving , and going through the city. 

 

Mobility function 

 

Access function 

 

Points connected 

 

 

 

Predominant trips 

served 

Design Category 

 

 

  Criterion 

Urban Intermediate Suburban 

 

High density  

 

Multilane one 

way: two ways, 

two or more lanes. 

 

Much 

 

Some 

 

6 to 10 

 

05 to ٩5 

 

Usually 

 

High density 

Moderate density 

 

Multilane divided 

or undivided: one 

way: two lanes. 

 

Some 

 

Usually 

 

٠ to 6 

 

٩2 to ٠2 

 

Some 

 

Medium/moderate 

Low density 

 

Multilane divided: 

undivided or two-

lane with shoulders.  

 

No 

 

Yes 

 

1 to 5 

 

٠2 to ٠5 

 

Little 

 

Low to medium 

Driveway access density 

 

Arterial type  

 

 

 

Parking 

 

Separate left-turn lanes 

 

Signal per mile 

 

Speed limit (mph) 

 

Pedestrian-activity 

 

Roadside-development 



density density 

 

Table (0.٩): Arterial Classifications According to their Functional and 

Design Categories. [HCM, 0222] 

 

Functional Category 

 

Design Category 

 

Minor Arterial 

 

Principal Arterial 

II 

 

II or III 

 

III 

I 

 

II 

 

II or III 

 

Typical suburban 

 

Intermediate 

 

Typical urban 

 
        

 

Table (0.٠): Segment Running Time per Mile. 

[HCM, 0222] 

 

 

III 

 

II 

 

I 

 

Arterial Classification 

05 ٩2 ٩5 ٩2 ٩5 ٩5 ٠2 ٠5 Free Flow Speed (mph) 

Running time per mile (sec/mile) 

 

Average segment 

length, miles 

065 007       2.25 

002 112 165 155 1٠5    2.12 

112 152 1٠2 1٠1 1٩5    2.15 

165 152 1٩2 1٩٠ 101 105 115 12٣ 2.02 

15٩ 1٩0 100 107 102 11٣ 112 12٠ 2.05 

     112 120 ٣٣ 2.٩2 

     125 ٣6 ٣٠ 2.٠2 



     12٣٩ ٩ 11 2.52 

     12٣ ٩2 12 1.12 

 

Table (0.5): The Level of Service for Arterial.  

[HCM, 0222] 

Arterial Classification 

III II I 

 

05-٩5 

 

 

07 

 

 

٩2-٩5 

 

 

٩٩ 

 

 

٩5-٠5 

 

 

٠2 

 

 

Range of Free Flow Speed (mph) 

 

 

Typical Free Flow Speeds (mph) 

Average Travel Speed (mph) Level of Service 

≥05 

≥1٣ 

≥1٩ 

≥٣ 

≥7 

<7 

≥٩2 

≥0٠ 

≥11 

≥1٠ 

≥12 

<12 

≥٩5 

≥01 

≥00 

≥17 

≥1٩ 

<1٩ 

A 

B 

C 

D 

E 

F 

 

0.٩:  Traffic Stream Descriptive Parameters 

      Numerous variables are used to characterize traffic streams. The three 

primary variables are:                                                                                   

- Speed;                                                           

- Volume or rate of flow; 

- Density.   

0.٩.1:  Speed 

      Speed expresses a rate of motion and is usually defined in terms of 

traveled distance per unit time. Because there is generally a wide range of 



individual speeds that may be observed in a traffic stream, an average travel 

speed reflecting the general characteristics of the traffic stream is often used 

in traffic studies in replacement of individual vehicle travel speeds.                                                                                                           

      To obtain the average speed of a traffic stream, two different calculations 

can be performed. In the first case, the average travel speed along a given 

roadway segment can be obtained by weighting the travel time of individual 

vehicles along the segment. This computation, which is expressed by 

Equation (1.17), yields the space mean speed and the weighting of travel 

times effectively computes the average amount of time that each that each 

vehicle spends over a particular point in space       [ HCM, 0222] .                                                                                             

 

…………...... (1.17) 

 

  Where:  

su = space mean speed, in (km/hr);      

L = length of the highway segment, in (km);                    

it = travel time of the ith vehicle to traverse the section, in (hr); and     

N  = number of observations.     

      In the second case, the average travel time can be obtained by taking the 

arithmetic mean of the measured speeds of all vehicles passing a fixed 

roadside point during a given interval time. This use of spot speeds, as 

indicated in Equation (1.18), yields the time mean speed [HCM, 0222].                                

 

       ……….………… (1.18) 

 

 Where:  
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tu = time mean speed, in (km/hr);  

iu = spot speed of vehicles i, in (km/hr).  

      The relationship for computing time mean speed from space mean speed 

was first recognized by Wardrop. His relationship is:                          

                                
s

s
st

u
uu

2
 ………..…….. (1.19)   

 

      Where бs is the variance about the space mean speed [Gerlough& 

Huber, 1٣75] .                                                                                               

      Time mean speed is always greater than space mean speed for a given 

sample of traffic flow, except when all vehicles are traveling at exactly the 

same speed. Travel or space mean speeds are determined by performing a 

travel time and delay study[Pignataro, 1٣7٩].                        

                         

 :0.٩.0 Volume or Rate of Flow 

      Two measures are often used to quantify the amount of traffic passing a 

point on a lane or roadway during a designated time interval. The first 

measure, volume, expresses the total number of vehicles that are observed or 

predicted to pass in front of an observation point during a given time 

interval. The second measure, rate of flow, expresses the same number of 

observed vehicles in terms of vehicle arrivals per unit time. The distinction 

between these two parameters is important because the flow rate is used to 

characterize the flow of traffic using the standard traffic flow relationships.                                                                                         

0.٩.0.1:  Categories of Traffic Flows 

     Vehicle flow on transportation facilities may generally be classified into 

two categories:                                                                                       



  - Uninterrupted flow; and  

   - Interrupted flow. 

      Uninterrupted flow occurs on facilities on which there are no external 

factors causing periodic interruptions to the traffic stream. As indicated in 

Table (1.1), such flows exist primarily on freeway and other limited-access 

facilities, where there are no traffic signals, stop or yield signs, or at-grade 

intersections to interrupt the continuous movement of vehicles. Such flows 

can also occur on long sections of highways between signalized intersections 

where the geometric and driving characteristics approach those usually 

found on a limited- access facility. On uninterrupted flow facilities, traffic 

flow conditions are thus primarily the result of the interactions among the 

vehicles within the stream and of the interactions between the vehicles and 

the geometric characteristics of the roadway. If congestion occurs, the 

breakdown of traffic flow then is strictly the results of internal frictions to 

the traffic stream and not the result of external causes.                                                                               

       

Table (0.6): Types of Transportation Facilities 

 

Freeways  

Uninterrupted Flow 

 
Multilane highways 

Two-lane highways 

Signalized Streets  

 

 

Interrupted Flow 

 

 

Unsignalized Streets with Stop Signs 

Arterial 

Transits 

Pedestrian Walkways  

Bicycle Path   

 

      Interrupted flow occurs on transportation facilities that have fixed 

elements causing period interruptions to the traffic stream irrespective of 



existing traffic conditions. As indicated in Table (1.1), these flows occur on 

facilities on which traffic signals, stop signs, yield signs, and other types of 

control devices force motorists to interrupt their progression at specific 

locations. On these facilities, traffic flow characteristics thus not only 

depend on the interactions between the vehicles within the stream and with 

the roadway geometry, but also on the external factors causing the 

interruptions.                                                                                           

      The principle device creating periodical interruptions to traffic flow in 

transportation networks is the traffic signal. Because these signals allow 

design movements to occur only part of the time, they cause traffic to flow 

in platoons. A platoon is usually defined as a group of vehicles traveling 

closely together along a facility [HCM,0222]. These platoons are formed 

during the red interval of a traffic signal, when vehicles are being queued 

upstream of the stop line, and are released at the beginning of a green 

interval. As platoon departs a signalized intersection, they tend to disperse. 

This dispersion is a function of the spacing between signalized intersections, 

driver behavior and traffic conditions along the roadway. When successive 

intersections are far enough apart, the extent of the dispersion may even 

become sufficient to assume that uninterrupted flow exists on some part of 

the roadway between them. As a general guide, a spacing of 1.1 kilometers 

between intersections is often thought as being sufficient for considering 

uninterrupted flow to exist at some points between signalized intersections 

[McShane & Roess, 1٣٣2].                     

                                                        

0.٩.٩:  Density 

      Traffic density, or concentration, is defined as the number of vehicles 

occupying a unit length of a lane or roadway at a particular instant, usually 



expressed as (veh/km) or (vpm) [Khisty & Lall, 1٣٣1]. Direct measurement 

of this parameter in the field is difficult, requiring a vantage point from 

which significant lengths of highway can be photographed, videotaped, or 

observed, but when the average travel speed and the corresponding rate of 

flow are known, it is commonly calculated from the following Equation 

[HCM, 0222]:   

                                                             

q = u k                    …………….. (1.12) 

Where          

 q = flow, in (veh/hr);                                                                                 

u = speed, in (km/hr); and                                                                         

k = density, in (veh/km).                                                                            

      This Equation is the fundamental relationship between the three principle 

traffic variables of flow, speed, and density. This relationship is illustrated in 

Figure (1.1).                                                                              

 



 

Figure (0.1): Flow-Density, Speed-Flow, and Speed-Density 

Relationships [Gerlough & Huber, 1٣75]. 

0.٠:  Simulation Programs 

      A simulation model is a numerical technique for conducting experiments 

on a digital computer. Mathematical models that describe the behavior of 

traffic on a given transportation system over extended periods of real time 

are used.                                                                                      

      Computer simulation is one of the most important analytical tools of 

traffic engineering. If traffic system is simulated on a computer by means of 

a simulation model, it is possible to predict the effect of traffic control as 

expressed in terms of measures of effectiveness (MOEs), which include 



average vehicle speed, vehicle stops, delays, vehicle-hours of travel, vehicle-

miles of travel, fuel consumptions, and pollutant emissions. The MOEs 

provide insight into the effects of the applied strategy on the traffic stream.                                                                        

      Computer simulation is more practical than a field experiments for the 

following reasons:                                                                                        

- Results are obtained quickly.                                                                   

-The data generated by simulation include several measures of effectiveness 

that cannot be easily obtained from field studies.                

- The disruption of traffic operations, which often accompanies a field    

experiments, is completely avoided.                                                         

- Many schemes require significant physical changes to the facility,         

which are not acceptable for experimental purposes.                               

- Evaluation of the operational impact of future traffic demand must be 

conducted by using simulation or an equivalent analytical tool.               

- Many variables can be held constant.                                                      

      The simulation programs which are used in the evaluating the measures 

of effectiveness of the selected arterial and other adopted programs are 

presented as follow:                                                                

0.٠.1:  Highway Capacity Software (HCS-0222)                    

      This package is a public domain package that automates the procedures 

in the 1222 edition of the Highway Capacity Manual (HCM). It is one of the 

most widely used software packages that include Basic Freeway Segments, 

Ramps and Ramp Junctions, Signalized Intersections, Unsignalized 

Intersections, and Urban and Suburban Arterials [Shafahi et. al., 1٣٣1].                                                                                                 

                                                                                                    

 



0.٠.0:  Traffic Network Study Tool (TRANSYT-7F-0220)       

      TRANSYT-7F is a traffic simulation and signal timing optimization 

program. It is a macroscopic, deterministic, traffic flow model that computes 

the value of a specified performance index for a given signal network and a 

given set of signal timings. Several measures of effectiveness generated by 

TRANSYT-7F were used as the basis for evaluation, which included travel 

time in the system, delay, fuel consumption, and a performance index which 

is a function of delay encountered in the system and the number of stops 

[Said & Raymond,     1٣17].                                                                                                            

 

0.٠.٩:  T7FACT                                                                            

      The T7FACT program module is available from the TRANSYT-7F 

Processor interface. It provides a mechanism to calculate the best phase time 

for evaluation and improvement runs under prevailing condition depend on 

the traffic volume and saturation flow for each link in node.                                                                                       

 

0.٠.٠:  CYCOPT                                                                           

      The CYCOPT program module is also available from the TRANSYT-7F 

Processor interface. It provides a mechanism for thorough cycle length 

optimization. The cycle length range (minimum and maximum) and the 

cycle length search increment are specified on recorded type 1 of the 

standard TRANSYT-7F (*.TIN) input file.              

   

0.٠.5:  Event Program 

      This program was developed by AL-Neami [AL-Neami, 1٣٣٣]. It was 

written by using C computer language. The program provides the user with 



digital representation of the observed traffic events. The program starts 

displaying a message that presses ENTER key to start and press ECS key to 

finish. It is counting time for successive event, the controlling of this event 

by press keys of the ten function keys, which are (F1, F1, F1, F1, F5, F1, 

F7, F8, F9 and F12); each one of these keys is given an alphabetic character. 

It would simplify the process of vehicles   classification, turning 

movements, headway, and delay calculation. It produces time accuracy 

values of the recorded data.                                    

 

0.٠.6:  Excel Program 

      Data files obtained from EVENT program are open with Excel program, 

which adopted abstracting these data. Excel program facilities are 

simplifying headway calculation.                                                            

 

0.٠.7:  SPSS Program 

      SPSS (Statistical Package for the Social Sciences) is a data management 

and analysis product. It can perform a variety of data analysis and 

presentation functions, including statistical analyses and graphical 

presentation of data. Among its features are modules for statistical data 

analysis, including descriptive statistics such as plots, frequencies, charts 

and lists, as well as sophisticated inferential and multivariate statistical 

procedure like analysis of variance (ANOVA), factor analysis, cluster 

analysis and categorical data analysis [SPSS, 0220] .                                                                                                           

 

 



0.5:  Summary 

      The brief literature review mentioned in the previous section indicates 

that the delay models for the arterials are directed towards the computation 

of the delay time at signalized intersection only. Traffic flow characteristics 

have been addressed in this chapter. Description of some software and other 

adopted programs which were used in this study have been presented in this 

chapter.                                                              

   Site selection and data collection are the subjects of the next chapter.                 

 

                                              

                                                                                

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

CHAPTER  THREE 

DATA  COLLECTION 

 

٩.1:  Introduction 

      This chapter provides a description of the data collection and methods 

used in conducting traffic volume and speed surveys. During periods of 

holiday and weekends, the traffic flow characteristics on any highway 

change dramatically compared with typical weekday traffic conditions. 

Therefore, to eliminate any variance in the data attributable to this effect, 

data were collected only on weekday.                                                              

                             

٩.0:  Site Selection 

      Kufa-Najaf arterial at Najaf Governorate was selected for this study. The 

studied area is located within the urban area which is characterized by a 

large number of commercial shops, and private and governmental offices. 

According to Table (1.1) [HCM,0222], this arterial is classified as minor 

and urban road, and its length is (8.111 Km). Table (1.1) lists arterial 

geometric conditions. According to the preliminary survey, the peak period 

is between (7:12-9:12) A.M. at the summer season. There are seven 

pretimed signalized intersections along the arterial; they are AL-Shehristany, 

Muslim Ibn-Aqeel, AL-Sahla, AL-Jinsia, AL-Sadrane, AL-Escan, and 12
th
 

Revolution, respectively toward the southbound direction. Figure (1.1) 

illustrates the layout of the arterial, Figures (1.1), (1.1), (1.1), (1.5), (1.1), 

(1.7), and (1.8) illustrate the layout of the intersections, and Table (1.1) lists 



the signal timing and phasing sequence for all intersections which were 

measured from field survey. It should be noted that when the electrical 

current is cutting off, the intersection will be operated by the policeman who 

manage the traffic movements according to signal timing approximately 

similar to that designed. There is no successive signal system along the 

arterial, so each signalized intersection operates as an isolated one.                                         

                                                                                                      

Table (٩.1): Geometric Conditions of the Arterial Selected in this Study. 

 

Kufa-Najaf 

 

Properties 

 

Divided multilane with sidewalk 

 

Type 

 

8.111 

 

Total length (km) 

 

1* 

 

Number of lanes 

(in one direction) 

 

1.15 

 

Lane width (m) 

 

7 

 

Number of signalized  

Intersections 

 

_ 

 

Approach Grade 

      * Some segments have four lanes . 
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       Figure (٩.0) : Layout and Phasing of AL-Shehristany Intersection .  
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Figure (٩.٩) : Layout and Phasing of Muslim Intersection . 
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    Figure (٩.٠) : Layout and Phasing of AL-Sahla Intersection . 
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        Figure (٩.5) : Layout and Phasing of AL-Jinsia Intersection . 
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      Figure (٩.6) : Layout and Phasing of AL-Sadrane Intersection . 
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    Figure (٩.7) : Layout and Phasing of AL-Escan Intersection . 
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٩.٩:  Dividing the Arterial  

      To control the data collection the arterial under study was divided into 

segments. Each segment was taken as one directional distance from one 

signalized intersection to the next [HCM, 0222]. Illustrative Figure (1.9) 

shows the concept of segment. Dividing the arterial into segments was found 

effective in collecting the field data.                                                     

 

 

Figure (٩.٣): Segment Conception.  

 

 

٩.٩. 1:  Arterial Segments         

      Kufa-Najaf arterial was divided into 11 segments. Table (1.1) lists the 

arterial segments and Figure (1.12) illustrates the layout of them.                         

It should be noted that the direction of the road is an assumed direction .                                                                                                          

 

 

Signal (1) 

Segment 0 

Segment 1 

Signal (0) 



Segment 1 

      It is southbound one-directional segment from Kufa Bridge to AL-

Shehristany intersection. The number of lanes, length, and total approach 

width for the segment are: (1,) (2.1) km and (9.75) m, respectively.              

Segment 0    

      It is southbound one-directional segment from AL-Shehristany 

intersection to Muslim Ibn-Aqeel intersection. The number of lanes, length, 

and total approach width for the segment are: (1), (2.1) km, and (1.5) m, 

respectively.                                                                                                     

 

Segment ٩ 

      It is southbound one-directional segment from Muslim Ibn-Aqeel 

intersection to AL-Sahla intersection. The number of lanes, length, and total 

approach width for the segment are: (1), (1.1) km, and (9.75) m, 

respectively.                                                                                                     

Segment ٠            

      It is southbound one-directional segment from AL-Sahla intersection to 

AL-Jinsia intersection. The number of lanes, length, and total approach 

width for the segment are: (1), (1.1) km, and (9.75) m, respectively.                                                                                                    

Segment 5 

      It is southbound one-directional segment from AL-Jinsia intersection to 

AL-Sadrane intersection. The number of lanes, length, and total approach 

width for the segment are: (1), (2.7) km, and (9.75) m, respectively.                       

Segment 6 

      It is southbound one-directional segment from AL-Sadrane intersection 

to AL-Escan intersection. The number of lanes, length, and total approach 

width for the segment are: (1), (2.1) km, and (11) m, respectively.                



Segment 7                                                                                                       

      It is southbound one-directional segment from AL-Escan intersection to 

12
th

 Revolution intersection. The number of lanes, length, and total approach 

width are: (1), (1.711) km, and (9.75) m, respectively.                    

Segment 1 

      It is northbound one-directional segment from 12
th
 Revolution 

intersection to AL-Escan intersection. The number of lanes, length, and total 

approach width for the segment are: (1), (1.711) km, and (11) m, 

respectively.                                                                                                     

 

Segment ٣ 

      It northbound one-directional segment from AL-Escan intersection to 

AL-Sadrane intersection. The number of lanes, length, and total approach 

width for the segment: (1), (2.1) km, and (9.75), respectively.                       

Segment 12                                                                                                 

      It is northbound one-directional segment from AL-Sadrane intersection 

to AL-Jinsia intersection. The number of lanes, length, and total approach 

width for the segment are: (1), (2.7) km, and (9.75) m, respectively.                                                                                     

Segment 11   

      It is northbound one-directional segment from AL-Jinsia intersection to 

AL-Sahla intersection. The number of lanes, length, and total approach 

width for the segment are: (1), (1.1) km, and (9.75) m, respectively.                                                                                                    

Segment 10 

      It northbound one-directional segment from AL-Sahla intersection to 

Muslim Ibn-Aqeel intersection. The number of lanes, length, and total 

approach width for the segment are: (1), (1.1) km, and (9.75) m, 

respectively.                                                                                                     



Segment 1٩ 

      It is northbound one-directional segment from Muslim Ibn-Aqeel 

intersection to AL-Shehristany intersection. The number of lanes, length, 

and total approach width are: (1), (2.1) km, and (1.5) m, respectively.                                          

Segment 1٠                                                                                                  

      It is northbound one-directional segment from AL-Shehristany 

intersection to AL-Kufa Bridge. The number of lanes, length, and total 

approach width for the segment are: (1), (2.1) km, and (1.5) m, respectively.                                                                                                     

      It should be noted that all segments of the selected arterial having 

lengths less than (1 km) which achieved the limitations recorded in Highway 

Capacity Manual (1222), [HCM, 0222].                                          

Table (٩.٩): Kufa–Najaf Arterial Segments. 

Approach 

width (m) 

Length 

(km) 

No. of lanes To From Seg.  

9.75 2.1 1 AL-Shehristany Kufa bridge 1 

1.5 2.1 1 Muslim Int. AL-Shehristany 1 

9.75 1.1 1 AL-Sahla Int. Muslim Int. 1 

9.75 1.1 1 AL-Jinsia Int. AL-Sahla Int. 1 

9.75 2.7 1 AL-Sadrane AL-Jinsia Int. 5 

11 2.1 1 AL-Escan AL-Sadrane Int. 1 

9.75 1.711 1 12
th

 Revolution AL-Escan Int. 7 

11 1.711 1 AL-Escan 12
th

Revolution Int. 8 

9.75 2.1 1 AL-Sadrane AL-Escan Int. 9 

9.75 2.7 1 AL-Jinsia Int. AL-Sadrane Int. 12 

9.75 1.1 1 AL-Sahla Int. AL-Jinsia Int. 11 

9.75 1.1 1 Muslim Int. AL-Sahla Int. 11 

1.5 2.1 1 AL-Shehristany Muslim Int. 11 

1.5 2.1 1 Kufa bridge AL-Shehristany 11 



٩.٠:  Sampling Interval  

      Many attempts were carried out in different periods for the arterial under 

study to investigate the best time for collection of the required data and 

determine peak period. The peak period for the arterial was at the morning, 

because of the characteristics of the area along the arterial. At the beginning 

of the work, the peak hour for each segment of the arterial was identified, so 

each signalized intersection was scanned using video camera between (7:22-

12:22 A.M.) during three weekdays to collect the traffic volumes at the 

upstream and the downstream of the segment. Information from these 

surveys revealed that the peak hour was between (8:22-9:22 A.M.). The data 

were obtained during two hours (7:12-9:12 A.M.) to ensure that the peak 

hour falls within them. The observations were grouped into 5-mintues 

intervals to reflect the effect of traffic conditions with time on average travel 

speed. For each 5-minute, the segment was controlled perfectly during the 

data collection.                          

                                                     

٩.5:  Method of Data Collection 

      Data observations and recordings were made during the summer season 

in May of the year 1225. Total of (118) hours of data were collected. About 

(81) hours of traffic flow observations were collected by video recordings 

and about (81) hours of average travel speed observations were collected by 

manual recordings.                                                                                      

      Video camera was used for scanning the arterial under observations. The 

best site for each camera was selected on a high place to ensure the optimum 

possible coverage of longest portion of the segment. In certain places, the 

data were collected manually if video camera could not be used. The signal 



phasing was obtained using a stop- watch at the site. Lane and approach 

widths were measured manually using tape measurement.              

 

                                                                             

٩.5. 1:  Volume Data Conducting 

      Traffic volumes entering and leaving approaches at intersections were 

observed by a video camera which made it easy for calculation of turning 

flows and classified by (EVENTS) program. Because of the wide area of 

some intersections, two video cameras were used in photo process such as in 

AL-Sadrane, AL-Escan, and 12
th

 Revolution intersections.                        

      The traffic volume is classified into two classes, passenger car and heavy 

vehicles in order to obtain accurate volume variations by vehicle type. 

Heavy vehicle is defined as “any vehicle having more than four tires 

touching the pavement”, which is generally grouped into three categories: 

truck, bus, and recreational vehicle [HCM, 0222]. The percentage of heavy 

vehicles (minibus & truck) ranged between (1.2-11.2) percent, while the 

recreational vehicles were null. The percentage of heavy vehicles data are 

shown in Tables (A-1) to (A-11) in Appendix (A) during peak hour.                 

Traffic volume data were taken as the average of two consecutive hours 

between (7:12-9:12 A.M.) for 5-minutes intervals during three weekdays. 

Event program was used for abstracting the video recorded traffic data from 

the video films. The abstracted data were stored in the form of digital files 

and processed by Excel program. Use of 5-minutes rates of flow provides 

enough points to obtain the traffic flow patterns. Tables (A-1) to (A-11) in 

Appendix (A) show the classified traffic volume data conducted for each 

segment of the selected arterial.                                                                                                



٩.5.0:  Speed Data Conducting                                                       

      Average through-vehicle travel speed (space mean speed) for the 

segment is the adopted speed in Highway Capacity Manual (HCM). In this 

study, spot speed (time mean speed) was depended because in one hour 

survey, spot speed provides more data points than the travel speed.                    

      The method of collecting spot speed data is the measurement of the time 

required for a vehicle to pass a measured course. This time can be measured 

by manual method. This method requires a stop watch, a tape measurement, 

and pavement marking material.                                               

      The following Equation is used to determine the speed for any chosen 

length of study course [Kadiyali, 1٣٣1]:                                                        

          

  ….……… (1.1)   

     

      A typical spot speed study plan is illustrated in Figure (1.11). The 

measured course begins at a point designated by a transverse crack in the 

pavement, or by a transverse mark made on the pavement. Each one of the 

observers stands at the end of the measured course. As the front wheels (or 

other part) of the vehicle cross the mark or crack at the beginning the 

measured course, the observer starts the stop watch. The watch is stopped at 

the instant that vehicle passes the observer [Box & Oppenlander, 1٣76].          

A course length for this research was selected as (122 m) for all segments of 

the arterial according to Table (1.1) which is depending on the average 

speed of traffic stream, [Box & Oppenlander, 1٣76].                      
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Table (٩.٠): Recommended Course Lengths for Spot Speed Studies 

[Box & Oppenlander, 1٣76]. 

Course Length (m) Average Speed of Traffic Stream (kph) 

15 Below 12 

52 12 - 15 

75 - 122 Above 15 

 

The measured course should not be close to the signalized intersection to 

avoid the effect the signal timing on the average travel speed [HCM, 0222]. 

Tables (B-1) to (B-11) in Appendix (B) show the results of average spot 

speed for each 5-minutes intervals of all selected segments in Kufa-Najaf 

arterial, and Table (1.5) lists the characteristics of the average travel speed 

data for each segment of the arterial .                                                    

 

Figure (٩.11): Typical Spot Speed Study Plan. 

  Course Length 

 

 
Tree used as a reference point 

Observer Pavement mark used 

as a reference line 



[Box & Oppenlander, 1٣76] 

Table (٩.5): The Characteristics of the Average Travel Speed  

               (Km/hr) Data for each Segment of the Arterial.              

   

Standard 

Deviation 

Mean Maximum Minimum Number of 

intervals 

Seg. 

 

1.21751 11.1152 19.88 18.71 11 1 

1.58887 11.9522 15.22 11.18 11 1 

9.15111 11.2722 12.81 17.22 11 1 

12.11181 15.1752 59.71 19.82 11 1 

1.11725 15.8122 11.21 19.28 11 5 

1.11511 11.7852 11.11 19.28 11 1 

1.99519 11.1552 11.51 19.28 11 7 

7.11791 11.5122 51.12 11.18 11 8 

151111 11.1122 11.12 11.51 11 9 

7.17197 12.7822 17.88 11.71 11 12 

8.11911 18.1152 51.88 11.11 11 11 

9.18951 11.2122 59.71 17.71 11 11 

5.21111 19.8152 12.11 11.11 11 11 

1.11288 12.1722 15.12 18.11 11 11 

         * Interval equals to 5-minutes for two hours.                                                            

٩.6:  Summary 

      The constituent of this chapter is the procedure which was followed in 

the field measurements. Two types of data were collected. Traffic volume 

data were collected by video recordings and average travel speed were 

collected by manual recordings during the peak period. Traffic flow data 

were abstracted and classified using Event program. Preliminary survey 

information revealed that the peak hour was between (8:22-9:22 A.M.).            



Data reduction, arterial evaluation and improvements are the subjects of the 

next chapter.                                                                                           

CHAPTER  FOUR 

DATA REDUCTION AND ANAYLSIS 

 

٠.1:  Introduction 

      The main goal of any paved road is to minimize the delay time or to 

decrease the travel time over the road. The travel time is defined as the total 

duration for a vehicle to travel over a section of the road .Decreasing the 

travel time leads to increase the travel speed which is computed by dividing 

the distance by the total travel time [HCM, 0222].                        

      Data reduction is a multiphase effort that depends heavily upon the mode 

of data collection used. Essentially, data reduction takes the information in 

the form recorded in the field and manipulates it into a form in which it can 

be readily understood and interpreted. This may involve taking data recorded 

on one medium and transferring it to another. It may also involve changing 

the format in which the data is presented [Mcshane & Roess, 1٣٣2].                                                           

      Analysis is the functional interpretation of field data in order to 

understand the observed situation and to plan and design improvements. 

Depending upon the type of situation being studied, analysis can range from 

the simple and straight forward to the complex [Mcshane &Roess, 1٣٣2].                                                                                                             

      Highway Capacity Software HCS (1222) and TRANSYT-7F (1221) are 

the packages that were used for the arterial analysis for the purposes   of this 

study.                                                                                                  

  



 

 

٠.0 Data Reduction  

      The traffic volume data obtained from the field survey as explained in 

the pervious chapter at 5-minutes intervals during two peak consecutive 

hours should be reduced for the effect of the heavy vehicles in order to 

obtain accurate volume variations by vehicle type. Vehicles of different 

types required different amount of road space because of variations in size 

and performance. To allow for this in capacity measurements for roads and 

junctions, traffic volumes are expressed in passenger car units (PCU’s) 

[SORB, 1٣10].                                                                                

      As explained in the pervious chapter the observed traffic volumes consist 

of three classes of vehicles namely the: Passenger car, Minibus, and truck. 

To convert the traffic volume to passenger car equivalents (PCU's) values 

were taken as (1.15) for minibus, and (1) for truck for condition of level 

terrain. These values were selected based on available document [SORB, 

1٣10]. Tables (B.1) to (B.11) in Appendix (B) show the traffic flow after 

conversion to passenger car unit for 5-minutes intervals survey, and Table 

(1.1) lists the characteristics of the flow rate data for each segment of the 

arterial. Observations of (81) hours revealed that the maximum flow rate 

was (1112) veh/hr, while the minimum volume was (118) veh/hr.                                                                              

 

 

 

 

 



 

 

Table (٠.1): The Characteristics of Flow Rate (pc/hr) Data for each 

Segment of the Arterial. 

Standard 

Deviation 

Mean Maximum Minimum Number of  

intervals 

Seg. 

 

112.91117 1199.52 1712.22 871.22 11 1 

111.91187 1128.22 1591.22 851.22 11 1 

111.29112 1115.22 1221.22 971.22 11 1 

191.11819 1117.22 1171.22 1118.22 11 1 

111.17119 1112.22 1182.22 1111.22 11 5 

111.12751 1159.22 1928.22 1111.22 11 1 

119.85915 1187.52 1181.22 811.22 11 7 

159.79151 1211.22 1512.22 118.22 11 8 

111.18151 1119.115 1151.22 1111.22 11 9 

181.17711 1199.52 1111.22 1211.22 11 12 

111.21119 1112.22 1112.22 1291.22 11 11 

121.11588 1112.22 1812.22 1171.22 11 11 

111.51117 1171.22 1591.22 818.22 11 11 

188.11111 1298.52 1182.22 821.22 11 11 

       *Each interval equals to 5-minutes for two hours.        

       

٠.٩:  Arterial Evaluation 

           HCS (1222) and TRANSYT-7F (1221) are used for the purpose of 

analysis and evaluating the selected arterial.                                                

٠.٩.1:   HCS-0222 Software 

      HCS-1222 Software is one of the packages available for evaluating 

urban arterial operations improvements. It follows the same procedure 



described in (HCM-1222) which is Copyright by the Transportation 

Research Board (TRB) for evaluating the urban arterials which is reported in 

chapter two.                                                                                 

      (HCS) needs the following input data to analyze the arterial and 

determine the level of service:                                                                      

* Street name,                                                                                       

* Length, mile,                                                                                          

* Arterial Class,                                                                                     

* Free Flow Speed;                                                                               

* File name of the intersection at the end of the segment.                        

      Arterial level of service is defined in terms of average travel speed of all 

through vehicles on the arterial. It is strongly influenced by the number of 

signals per mile and the average intersection delay [HCM, 0222]. The 

procedure to determine arterial level of service involves seven steps, as 

shown in Figure (1.15).                                                                   

 

٠.٩.1.1:  Level of Service (LOS)                                                    

      LOS is a qualitative measure describing operational conditions within a 

traffic stream, and their perception by motorists and / or passengers [HCM, 

0222]. Using Table (1.1), the chosen arterial is minor arterial according to 

its functional category, and urban arterial according to its design category 

[HCM, 0222]. So, the arterial classification is (III) using Table (1.1).                                                                                                    

      The HCM (1222) determine six levels of service, as shown in Table 

(1.5). The arterial level of service is based on average travel speed for all 

through vehicles on the arterial. The average travel speed for each LOS is 

determined according to the free flow speed, as follows, [HCM, 0222]:     

         LOS A = average travel speed ≥ 92: free flow speed                         



         LOS B = average travel speed ≥ 72: free flow speed 

         LOS C = average travel speed ≥ 52: free flow speed 

         LOS D = average travel speed ≥ 12: free flow speed 

         LOS E = average travel speed ≥ 1/1 of free flow speed 

         LOS F = average travel speed < 1/1 of free flow speed.                    

      To determine the level of service of the segments and arterial, the 

average travel speed was computed for each segment during the peak hour 

which was between (8.22-9.22 A.M.) according to Equation (1.15) which is 

illustrated in chapter two.                                                                

     The level of service of the signalized intersections is defined in terms of 

delay. The intersection approach delay time per vehicle is computed 

according to Equation (1.1). It depends on:                                                   

1- Flow rate (v) for through lane group during the peak 15 minutes of                

peak hour time in vph;                                                         

0- Capacity (c) for through lane group in vph;                                              

٩- Cycle length (C), sec; and                                                                       

٠- Effective green time for through lane group (g), sec.                              

      The (v) values were computed for the chosen arterial according to the 

peak 15-mintues of the peak hour (8:22-9:22 A.M.). The HCS-1222 

Software outputs for AL-Sadrane intersection is presented in Appendix (C). 

Figure (1.1) shows speed profile of the selected arterial .                                                                                            



 
   Chart (٠.1): Arterial Level of Service Methodology[HCM, 0222]. 

Step 1 

Establish Arterial to be considered 

  

Step 0 

Determine Arterial Classification 

and Free-Flow Speed 

Step ٩ 

Define Arterial Sections 

Step ٠ 

Compute Running Time 

Step 5 

Compute Intersection Total delay 

for Arterial through Movements 

Step 6 

Compute Average Travel Speed  

A) By Section and Speed Profile. 

B) Over entire facility. 

Step 7 

Assess the Level of Service 

Alternative 
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Can Also be 
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Table (٠.0): Level of Service Evaluation. 

 

 

LOS Arterial 

Speed 

(kph) 

Sum of 

Time 

(sec) 

Intersection 

Total Delay 

(sec) 

Running 

Time 

(sec) 

Length 

(km) 

Arterial 

Class 

Seg. Dir. 

F 6.٩٩٣ ٠.6 ٩22.٩٣.٩ ٩ 2.6 III 1 SB 

 

C ٩5.1 62.٩ 01.2 ٩٣.٩ 2.6 III 0 SB 

 

B ٠1.6 111.7 ٠٠.0 1٩7.5 0.1 III ٩ SB 

 

B ٠٣.٩ 167.1 17.٩ 152.5 0.٩ III ٠ SB 

 

F 5.٠٩ ٣2 ٩1٠.0 ٠5.1 2.7 III 5 SB 

 

F 1.6 050.٠ 01٩.1 ٩٣.٩ 2.6 III 6 SB 

 

F ٣.٩ 667.٩ 55٠.7 110.6 1.700 III 7 SB 

 

C ٩٠.0 112.٣ 61.٩ 110.6 1.700 III 1 NB 

 

F ٣.1 01٣.6 112.٩٣.٩ ٠ 2.6 III ٣ NB 

 

Free Phase for through flow  2.7 III 12 NB 

 

Free Phase for through flow 0.٩ III 11 NB 

 

Free Phase for through flow  0.1 III 10 NB 

 

F 6.2 ٩60.٩ ٠0٩.1 ٩٣.٩ 2.6 III 1٩ NB 

 

No signalized intersection at downstream. 2.6 III 1٠ NB 

 

        



 

Figure (٠.1): Speed profile for Kufa-Najaf Street at (1.22 -٣.22) A.M. 

According to Field Data. 

 

٠.٩.0:  TRANSYT-7F (0220)                                                        

      Traffic Network Study Tool release 9.1 (1221) was one of the selected 

programs to evaluate the arterial under study. The original TRANSYT 

model was developed by the Transport Research Laboratory formerly 

(Transport and Road Research Laboratory) in the United Kingdom. 

TRANSYT, version 7 was “Americanized” for the Federal Highway 

Administration (FHWA); thus the “7F”. The TRANSYT-7F program and 

the original TRANSYT-7F manual were developed for the   Federal 

Highway Administration (FHWA) under the National Signal Timing 

Optimization (NSTOP) Project by the University of Florida Transportation 

Research Center (TRC).                                                        

NB 

SB 



      The two major functions of TRANSYT-7F are simulation of traffic flow 

and optimization of traffic signal timing plans. The TRANSYT-7F model 

assumes that delayed vehicles are only the stopped vehicles.            

 

٠.٩.0.1:  Network Description 

      The first step in defining a data set for TRANSYT-7F is describing the 

geometry of the network. The network of streets and intersections is   

represented in TRANSYT-7F by a node / link identification scheme. Figure 

(1.1) shows the suggested scheme.                                                    

 

     Nodes: A node is an intersection of two or more conflicting streets. Each 

node is assigned unique identifying number from 1 to 999. TRANSYT-7F is 

dimensioned to have a maximum of 52 nodes in the network.                                                                                                         

 

    Links: A link is a unidirectional section of roadway connecting two 

nodes. The actual roadway between two nodes may constitute a single link 

or a number of links. Each link is also assigned an identifying number from 

1 to 9999. A link may carry through traffic, and turning traffic. A link can 

be visualized as starting at the stop-line of the upstream  

Intersection and ending at the downstream intersection stop-line. External 

links have no physical “starting points " and are generally assumed to have 

zero length .TRANSYT-7F is dimensioned to allow a maximum of 152 

links in the network.                                                                              

      Figure (1.1) shows the link-node diagram for the arterial street under 

study.                                                                                                             

       



      Link Distance: The distance between nodes (the link length) is used in 

the traffic flow model. The distance should be measured from stop-line to 

stop-line of intersections.                                                                          

   Table (1.1) lists the link length for each node of the selected arterial. 

 

 
 

 Figure (٠.0): Node/link Number Scheme for TRANSYT-7F. 
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Figure (٠.٩) : Node / Link Diagram for the Chosen Arterial . 
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Table (٠.٩): Link Length. 

Link 

Length 

Link 

No. 

Name of 

Intersection 

Node 

No. 

Link 

Length 

Link 

No. 

Name of 

Intersection 

Node 

No. 

 

722 521  

 

AL-Sadrane 

 

5 

122 121  

 

 

 

AL-

Shehristany 

 

 

 

 

1 

2 528 122 121 

122 529 122 121 

1711 121  

 

 

 

 

 

AL-Escan 

 

 

 

 

6 

122 121 

1711 121 122 129 

122 121 122 112 

122 121 1122 121  

 

Muslim 

 

 

0 
2 125 122 121 

2 121 122 112 

2 127 1122 121  

 

 

 

AL-Sahla 

 

 

٩ 2 128 1122 121 

2 721  

 

 

 

 

 

 

02
th

 

Revolution 

 

 

 

 

 

 

7 

1122 121 

2 721 2 121 

1711 721 1122 112 

1711 721 1122 121  

 

Al-Jinsia 

 

 

٠ 2 725 1122 121 

2 721 2 121 

2 727 2 111 

2 728 122 521  

AL-Sadrane 

 

5 
1711 712 122 521 

722 521 



٠.٩.0.0:  Data Preparation 

       The data required byTRANSYT-7F are:                                              

                                                                                                           

٠.٩.0.0.1:  Signal Timing Parameters 

      The timing data required are:                                                                  

1) Cycle length, phase sequences, and the Green, Yellow and All red             

intervals are specified for each node which is presented in the              

Figures of intersections layout from (1.1) to (1.8) in chapter three.    

 

0) Both the start-up lost time which is the time from the actual start of          

green until the front of the first vehicle crosses the stop-line  and               

green extension time which is the time from the actual end of green          

until the front wheels of the last vehicle cross the stop-line or other           

reference point are calculated from video films by using Event program and 

presented in Table (1.1) .                                               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table (٠.٠): Start-up Lost Time & Extension of Effective Green Time by Link. 

Average Extension of Effective 

Green Time (sec.) 

Average Start-up Lost 

Time (sec.) 

Link No. 

1.91 1.91 121 

1.81 1.89 121 

1.19 1.51 121 

1.82 1.77 121 

1.95 1.11 129 

1.11 1.18 112 

1.95 1.11 121 

1.71 1.11 121 

1.22 1.88 112 

1.52 1.19 121 

1.98 1.22 121 

1.17 1.99 121 

1.19 1.51 121 

1.57 1.81 112 

1.11 1.89 121 

1.19 1.71 121 

1.81 1.51 121 

1.11 1.91 111 

1.51 1.22 521 

1.15 1.15 521 

1.17 1.82 521 

1.72 1.71 521 

1.51 1.11 528 

1.22 1.19 529 

1.12 1.78 121 

1.81 1.82 121 

1.88 1.91 121 

1.91 1.59 121 

1.19 1.12 125 

1.11 1.22 121 

1.12 1.81 127 

1.11 1.91 128 

1.98 1.21 721 

1.12 1.15 721 

1.71 1.21 721 

1.81 1.99 721 

1.11 1.81 725 

1.19 1.77 721 

1.18 1.85 727 

1.15 1.98 728 

1.17 1.91 712 



٠.٩.0.0.0:  Traffic Volume Data  

      The design hourly volume (DHV) for each intersection turning 

movement is as follows [FHWA, 1٣1٠] :                                                     

                                                             

 

….. (1.1) 

 

Where:   

     DHV = Design hourly volume, in (pcu);  

    V =the one-half peak hourly volume multiplied by two, in (vph); and          

%Truck = Percentage of trucks.                                                            

      Traffic volume data are recorded every 15-mintue interval for one peak 

hour for each intersection. Traffic volumes for each link under study are 

illustrated in Table (1.5).                                                                         

 

٠.٩.0.0.٩:  Saturation Flow Data  

      Saturation flow rate is the term used to describe the capacity of a traffic 

movement through a signalized intersection and it is expressed in vehicle per 

hour of green time (vphg). It can be calculated as follows [FHWA, 1٣1٠]:                                                                                             

                  l
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3600
………… (1.1)                                               

Where  

      S = Saturation flow rate, in (vphg); 

      l = Number of lanes; and 

      h = Average discharge headway, of all queued vehicles beginning                     

with third vehicle, in (sec).                                                              
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      According to the (HCM-1222), the calculation of the headway is as 

follows:                                                                                                         

 

………….(1.1) 

 

Where                                                                                                            

     tr = The time required to discharge the queued vehicles starting                          

with fourth vehicle, (sec);                                                               

    R = Total number of vehicles in the queue, and    

  N = Number of observations.        

      Table (1.5) summarizes the number of lanes in the links, and the 

saturation flow rates for link movements in the present study intersection.                                                                                               
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Table (٠.5) : Traffic Volume, Saturation Flow, and Number of Lanes by 

Link in Studied Intersections . 

No. of 

Lanes 

Saturation Flow 

(vphg) 

Traffic Volume 

(vph) 

Link 

No. 

Node No. 

1 1952 1172 121  

 

 

1 

1 995 198 121 

1 1171 1111 121 

1 1521 119 121 

1 1181 11 129 

1 1711 189 112 

1 1211 172 121  

0 1 1112 1111 121 

1 1755 81 112 

1 1971 151 121  

 

٩ 
1 1771 1111 121 

1 1112 91 121 

1 1719 111 121 

1 1117 112 112 

1 1185 1111 121  

 

٠ 

 

 

 

1 1122 18 121 

1 1571 129 121 

1 1811 111 111 

 

 

 

 

 

 

 

 

 



 

Table (٠.5): Continue. 

No. of 

Lanes 

Saturation Flow 

(vphg) 

Traffic Volume 

(vph) 

Link 

No. 

Node No. 

1 1811 1115 521  

 

 

5 

1 1118 111 521 

1 1885 1111 521 

1 1755 911 521 

1 1111 151 528 

1 1278 119 529 

1 1111 819 121  

 

 

 

6 

1 971 119 121 

1 1151 1198 121 

1 1215 111 121 

1 1825 717 125 

1 1259 111 121 

1 1171 517 127 

1 1181 111 128 

1 1185 911 721  

 

 

 

7 

1 1111 111 721 

1 1277 1117 721 

1 1111 82 721 

1 1911 821 725 

1 1157 151 721 

1 1151 911 727 

1 1112 171 728 

1 1111 181 712 

 

 

 

 

 

 



٠.٩.0.٩ Interpretation of Measures of Effectiveness (MOEs)       

TRANSYT-7F produces a comprehensive set of MOEs that the engineer can 

use for evaluating signal timing plans. The following important MOEs are 

printed in the Performance Table for each link:                                                                 

 

٠.٩.0.٩.1:  Degree of Saturation   

      The degree of saturation is an indicator of the degree of congestion that 

can be expected on a link. The degree of saturation should be interpreted as 

follows:                                                                                   

 1. If the degree of saturation is less than 95:, the traffic performance           

on a link will probably be acceptable and the other MOE values                

produced by the program will be accurate.                                              

0. If the degree of saturation is above 95:, the link may be congested.           

The user should be aware that cycle failures (failing to clear the queue on a 

link during the green period) are probable.                                      

                                  

٠.٩.0.٩.0:  Delay 

      Total delay is the sum of the uniform and random plus saturation delay 

components. The average delay per vehicle is the total delay on the link 

divided by the total flow on the link. The delay MOE values are the delay 

due to signal timing only. The amount of delay affects fuel consumption.                                                                                                 

 

٠.٩.0.٩.٩:  Stops 

      Vehicle stops play a significant role in determining fuel consumption. 

Stops are reported in units of vehicles per hour and also percentage of 

vehicles stopped.                                                                                            

 



٠.٩.0.٩.٠:  Fuel Consumption 

      The estimate of fuel consumption is based on a linear combination of 

total travel, delay, and stops. The fuel consumption value includes fuel 

consumed at cruise, idle, and acceleration / deceleration. It is measured by 

units of gallons (liters) per hour.                                                              

٠.٩.0.٩.5:  Performance Index 

      The performance index (PI) is the value of the optimization objective 

function. Simply stated, TRANSYT-7F develops a single timing plan that 

produces a minimum value of the PI. Table (1.1) summarized the results for 

all intersections for existing flows in A.M. peak period. The TRANSYT-7F 

Software output for Node No. 5 as an illustrative example is presented in 

Appendix (E).                                                                        

 

٠.٠:  Improvement of Traffic Flow 

      An evaluation study for intersections network under prevailing 

conditions revealed that most intersections were operating with a degree of 

saturation greater than 95:, level of service F, and very high delay, therefore 

we should make alternative to improve movement at these intersections.                                                                                                  

 

٠.٠.1:  Optimization of Phase Sequence                                      

      This alternative includes the determination of the best phase’s time by 

using T7FACT program on existing cycle length as shown in Table (1.7), 

which causes minimizing delay and improving performance index but there 

was no changes in measures of effectiveness for most intersections.  

 

٠.٠.0:  Best Cycle Length 



      This alternative involves choosing the best cycle length by using 

CYCOPT program which gives a range of cycle length, then using T7FACT 

program to determine the best phases time for the selected cycle length. We 

noticed that there was an improvement in the average delay but it was still 

great for most intersections, as shown in Table (1.8).                               

٠.٠.٩:  Preventing Trucks                                                            

      Although there was a little percentage of trucks entered the intersections, 

preventing them from entering at peak periods was led to decrease the 

average delay and performance index for these intersections, and to improve 

level of service for node 1 from E to D, as shown in Table (1.9).                                                                                                              

 

٠.٠.٠:  Increasing No. of Lanes 

      This alternative is containing the change in number of lanes for some 

links which leads to increase the saturation flow rate for these links. These 

changes include node No. 1, 1, 5, 1, and 7. From field measurements, we 

can observe that the number of lanes can be increased by reducing the width 

of divisional and refuge islands, such as in node No. 1, node No. 1, and node 

No. 7. On the other hand, the rights of way for node 5 and node 1 are very 

large, so a number of lanes can be increased by widening the roadway at 

these intersections. Table (1.12) lists links before and after changing number 

of lanes. We noticed that the level of service for node No. 1 was improved 

from D to C; node No. 1 was improved from F to C, and node No. 5 from F 

to E, as shown in Table (1.11).                                                                                                  

                                                                                                           

 

Saving is calculated by using the following equation [FHWA, 1٣1٠]:                                



100
)(..

)(Im..)(..
..% 



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provingEsOMExistingEsOM
EsOMinSaving  .… (1.1)  

       

      Table (1.11) shows the percentage of saving in measures of effectiveness 

for all intersections, and Figures (1.18) to (1.11) show the percentage of 

saving in M.O.Es for all nodes.                                               

                                                          

      

Table (٠.1٠): Percentage of Saving in M.O.Es for the Operation Isolated 

Intersections. 
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Figure (٠.٩) : % Saving in M.O.Es at Node No. 1 . 
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Figure(٠.٠) : % Saving in M.O.Es at Node No. 0 . 
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Figure (٠.5): % Saving in M.O.Es at Node No. ٩. 
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Figure (٠.6): % Saving in M.O.Es at Node No. ٠. 
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Figure (٠.7): % Saving in M.O.Es at Node No. 5. 
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Figure (٠.1): % Saving in M.O.Es at Node No. 6. 
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Figure (٠.٣): % Saving in M.O.Es at Node No. 7. 

 

٠.5:  Comparison between Results of HCS (0222) &            

TRANSYT-7F (0220) 

      Measures of effectiveness resulted by TRANSYT-7F(1221) and 

HCS(1222) are presented in Table (1.15).The delay time and degree of 

saturation results for both HCS (1222) and TRANSYT-7F (1221) computer 

programs for all nodes were compared statistically by t-test method 

[Kennedy & Neville, 1٣16] using SPSS program [SPSS, 0220], as shown 

in Table (1.11). It can be noticed that the test results indicated no significant 

difference between the two software programs. Figures (1.11) and (1.11) 

shows the relationship between average delay and degree of saturation for 

both TRANSYT-7F (1221) and HCS (1222) software programs.                                                                                        

Table (٠.15): MOEs by TRANSYT-7F & HCS for all Intersections . 

 

HCS TRANSYT-7F Node 

No. LOS Degree of 

Saturation 

Average Delay 

(sec/veh) 

LOS Degree of 

Saturation 

Average Delay 

(sec/veh) 

F 1.11 115.7 E 1.21 11 1 

F 1.11 111.1 F 1.11 191 0 

F 2.91 111.7 D 2.91 11.8 ٩ 

F 1.21 111.5 C 2.81 17.1 ٠ 

F 1.11 172.8 F 1.11 111.1 5 

F 1.79 172.1 F 1.95 1211.8 6 

F 1.51 197.5 F 1.17 771.5 7 

 

 



Table (٠.16): Summary of t-test Results for both HCS & TRANSYT-7F  

Sig. Degree of 

Freedom 

t ٣59 confidence 

interval of the 

difference 

Std. Error 

Mean 

Std. 

Deviation 

Mean  

Upper Lower 

2.19

1 

1 -1.111 2.1111 -2.1125 2.29178 2.15271 -2.1281 Degree of 

Saturation 

2.11

7 

1 2.811 198.7511 -191.1121 111.58278 111.17151 121.157 Average 

Delay 
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Figure (٠.11): TRANSYT-7F Estimate of Delay. 
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Figure (٠.10): HCS Estimate of Delay. 

       

 

      The curves in Figures (1.11) and (1.11) showed that average delay 

rapidly increases when a link is saturated, and this condition will strongly 

influence the MOEs estimates, including that of fuel consumption. This 

delay model is clearly more realistic in the range near a degree of saturation 

ratio of 122: .                                                                              

٠.6:  Summary 

      Conversion Traffic volumes from vehicles to passenger car for surveys 

in urban arterial are presented in this chapter. This chapter also deals with 

the discussion of the packages that are used for urban arterial analysis and 

evaluation in this research and gives a brief intuitive overview about them. 

All the data required to run these packages and outputs from them are 

presented in this chapter.                                           

      The level of service and other measures of effectiveness (MOEs)of the 

arterial were evaluated using HCS (1222) and TRANSYT-7F (1221) 



software packages. Depending on the results of evaluation, six alternatives 

were made to improve the level of service and other measures of 

effectiveness (MOEs) using T7FACT and CYCOPT programs which are 

found with TRANSYT-7F (1221) program.                                            

                                                                    

                        

 

 

 

 

 

 

 

 

 

 

  CHAPTER FIVE 

             CONCLUSIONS            

 

5.1:  Introduction 

      This chapter presents the main conclusions which are evolved from the 

present research.                                                                                      

                           



5.0:  Conclusions 

      The main conclusions that can be drawn from the present study are as 

follows :                                                                                                         

1) From the results of HCS-1222 program, the level of service for all             

intersections was F, the arterial's level of service was F and average travel 

speed was equal 11.5 km/hr.                                                           

 

0) From the results of TRANSYT-7F program, the level of service for 

intersections ranged between (C & F).                                                     

 

٩) By comparison between HCS-1222 and TRANSYT-7F-1221, there was 

no significant difference between the two software programs.         

 

٠) Preventing trucks to enter intersections at peak periods (alternative             

number three) decreased the average delay and performance       index, and 

improved level of service from E to D for node No. 1.         

 

5) From the results of alternative number four (increasing number of             

lanes), we noticed that the level of service for node No. 1 was                   

improved from D to C, node No. 1 was improved from F to C, and node No. 

5 from F to E.                                                                            

 

6) Changing in geometric design for node No. 5 was led to improve its level 

of service from E to D.                                                                    

 



7) From the five alternatives it can be concluded that the optimization of       

phase sequence and cycle time did not introduce changes in the                

measures of effectiveness for the intersections like other alternatives.        

This means that the traffic congestion problems are so difficult to solve    by 

only giving consideration to traffic cycle length or phasing, but it         

should be extended to change in geometric design for the intersections.  

 

1)The results obtained from simulation of isolated signalized                         

intersections by TRANSYT-7F release 9.1 (1221) program and five          

alternatives, revealed that a significant saving in the measure of                

effectiveness was found in the Muslim Intersection (node No.1). It            

was found that the saving in average delay equals (91 %), the saving in     

total stops equals (15 %), the saving in total fuel consumption equals        

(15:), and the saving in Performance Index equals (89:) .                          
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APPENDIX A 

TRAFFIC VOLUME DATA & 

PERCENTAGE OF HEAVY VEHICLES 

(FOR EACH 5-MINTUTES ) 

INTERVAL  

 

 

 

 

 

 

 

 

 

 

 

Table (A-1) : Traffic Volume Data for Southbound Direction- 

Segment 1 . 

 

 



%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

5 2 1 72 7:12-7:15 

7 1 1 17 7:15-7:12 

1 1 1 72 7:12-7:15 

7 2 1 85 7:15-7:52 

8 2 7 81 7:52-7:55 

8 2 8 91 7:55-8:22 

11 1 11 121 8:22-8:25 

11 1 12 122 8:25-8:12 

1 2 7 128 8:12-8:15 

8 2 12 112 8:15-8:12 

11 1 11 97 8:12-8:15 

12 1 8 121 8:15-8:12 

11 1 11 121 8:12-8:15 

1 1 1 112 8:15-8:12 

11 1 15 121 8:12-8:15 

9 1 12 118 8:15-8:52 

11 1 17 118 8:52-8:55 

8 1 12 111 8:55-9:22 

8 2 8 95 9:22-9:25 

5 2 5 98 9:25-9:12 

1 1 1 85 9:12-9:15 

5 2 5 99 9:15-9:12 

9 1 1 71 9:12-9:15 

5 2 1 75 9:15-9:12 

 

 

 
 

 

 

 

 

 

Table (A-0) : Traffic Volume Data for Southbound Direction- 

Segment 0 .  



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

9 1 5 71 7:12-7:15 

1 1 1 17 7:15-7:12 

1 2 1 72 7:12-7:15 

1 2 1 81 7:15-7:52 

8 1 1 79 7:52-7:55 

8 1 7 92 7:55-8:22 

11 1 11 99 8:22-8:25 

11 1 9 82 8:25-8:12 

8 2 8 91 8:12-8:15 

11 2 11 95 8:15-8:12 

11 1 11 87 8:12-8:15 

15 8 9 98 8:15-8:12 

11 1 11 121 8:12-8:15 

7 1 1 91 8:15-8:12 

11 1 11 91 8:12-8:15 

9 1 12 111 8:15-8:52 

11 1 12 91 8:52-8:55 

7 1 8 117 8:55-9:22 

1 2 1 91 9:22-9:25 

1 2 1 91 9:25-9:12 

1 1 5 89 9:12-9:15 

7 1 1 85 9:15-9:12 

7 2 1 77 9:12-9:15 

1 1 1 72 9:15-9:12 

 

 

 

 
 

 

Table (A-٩) : Traffic Volume Data for Southbound Direction- 

Segment ٩ . 



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

1 2 5 82 7:12-7:15 

8 1 5 79 7:15-7:12 

9 1 1 81 7:12-7:15 

1 1 1 91 7:15-7:52 

12 2 9 82 7:52-7:55 

12 1 8 95 7:55-8:22 

11 1 11 111 8:22-8:25 

12 1 8 121 8:25-8:12 

8 1 12 118 8:12-8:15 

15 1 11 125 8:15-8:12 

1 1 1 111 8:12-8:15 

11 1 11 111 8:15-8:12 

11 1 11 128 8:12-8:15 

11 1 11 115 8:15-8:12 

12 1 11 111 8:12-8:15 

11 1 11 115 8:15-8:52 

12 1 12 127 8:52-8:55 

9 1 11 115 8:55-9:22 

8 2 8 97 9:22-9:25 

5 2 5 88 9:25-9:12 

8 1 7 121 9:12-9:15 

12 1 1 75 9:15-9:12 

5 1 1 75 9:12-9:15 

1 2 1 89 9:15-9:12 

 

 

 

 
 

Table (A-٠) : Traffic Volume Data for Southbound Direction- 

Segment ٠ .  

 



 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

7 2 7 99 7:12-7:15 

8 1 1 85 7:15-7:12 

1 1 1 89 7:12-7:15 

8 1 8 98 7:15-7:52 

7 1 1 122 7:52-7:55 

5 2 5 99 7:55-8:22 

11 1 11 111 8:22-8:25 

12 8 9 115 8:25-8:12 

11 1 11 111 8:12-8:15 

7 1 12 157 8:15-8:12 

11 1 11 119 8:12-8:15 

11 1 17 111 8:15-8:12 

11 1 15 151 8:12-8:15 

11 1 11 118 8:15-8:12 

1 1 8 159 8:12-8:15 

8 1 12 111 8:15-8:52 

9 1 15 112 8:52-8:55 

9 1 11 151 8:55-9:22 

7 2 8 111 9:22-9:25 

11 1 11 99 9:25-9:12 

7 1 1 91 9:12-9:15 

8 1 1 97 9:15-9:12 

7 1 5 89 9:12-9:15 

1 2 1 92 9:15-9:12 

 

 

 

 

 
 

Table (A-5) : Traffic Volume Data for Southbound Direction- 

Segment 5 . 

 



 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

1 1 5 92 7:12-7:15 

5 1 1 87 7:15-7:12 

1 2 1 88 7:12-7:15 

8 1 5 89 7:15-7:52 

8 1 7 91 7:52-7:55 

9 2 9 92 7:55-8:22 

7 1 12 112 8:22-8:25 

7 1 11 157 8:25-8:12 

11 1 11 111 8:12-8:15 

7 1 9 111 8:15-8:12 

12 2 15 118 8:12-8:15 

7 1 11 152 8:15-8:12 

11 5 12 155 8:12-8:15 

11 1 11 119 8:15-8:12 

7 1 8 118 8:12-8:15 

12 5 11 111 8:15-8:52 

11 1 11 152 8:52-8:55 

8 1 11 151 8:55-9:22 

11 1 11 121 9:22-9:25 

8 1 8 121 9:25-9:12 

1 2 1 99 9:12-9:15 

9 1 8 91 9:15-9:12 

7 2 7 91 9:12-9:15 

1 1 5 95 9:15-9:12 

 

 

 

 
 

 

Table (A-6) : Traffic Volume Data for Southbound Direction- 

Segment 6 .  

 



 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

8 1 1 95 7:12-7:15 

7 1 1 91 7:15-7:12 

9 2 9 89 7:12-7:15 

7 2 8 99 7:15-7:52 

7 1 1 121 7:52-7:55 

8 1 8 98 7:55-8:22 

15 1 17 121 8:22-8:25 

11 1 11 111 8:25-8:12 

9 2 11 121 8:12-8:15 

11 1 11 121 8:15-8:12 

11 1 15 127 8:12-8:15 

11 1 19 111 8:15-8:12 

11 1 11 117 8:12-8:15 

17 1 18 121 8:15-8:12 

11 1 12 121 8:12-8:15 

11 1 11 115 8:15-8:52 

7 2 12 111 8:52-8:55 

8 1 9 111 8:55-9:22 

7 2 8 127 9:22-9:25 

11 1 11 99 9:25-9:12 

1 2 7 121 9:12-9:15 

11 1 12 88 9:15-9:12 

7 1 5 85 9:12-9:15 

1 1 5 95 9:15-9:12 

 

 

 

 

 
 

 

Table (A-7) : Traffic Volume Data for Southbound Direction- 

Segment 7 .  



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

11 2 8 11 7:12-7:15 

9 2 8 71 7:15-7:12 

9 2 12 98 7:12-7:15 

8 1 7 98 7:15-7:52 

1 2 1 85 7:52-7:55 

11 1 11 99 7:55-8:22 

18 2 11 127 8:22-8:25 

12 1 11 111 8:25-8:12 

9 2 15 158 8:12-8:15 

11 2 15 128 8:15-8:12 

1 2 1 111 8:12-8:15 

12 2 18 159 8:15-8:12 

11 2 11 111 8:12-8:15 

11 2 17 115 8:15-8:12 

15 2 11 111 8:12-8:15 

11 1 15 115 8:15-8:52 

11 2 11 117 8:52-8:55 

11 2 11 111 8:55-9:22 

1 2 7 121 9:22-9:25 

7 1 7 99 9:25-9:12 

5 2 5 122 9:12-9:15 

11 1 9 85 9:15-9:12 

11 1 12 87 9:12-9:15 

1 2 1 97 9:15-9:12 

 

 

 

 
 

 

Table (A-1) : Traffic Volume Data for Northbound Direction- 

Segment 1. 



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

1 1 1 51 7:12-7:15 

7 1 1 55 7:15-7:12 

7 1 1 18 7:12-7:15 

15 2 9 51 7:15-7:52 

5 2 1 12 7:52-7:55 

8 1 1 19 7:55-8:22 

11 1 8 71 8:22-8:25 

17 1 11 78 8:25-8:12 

1 2 1 89 8:12-8:15 

12 2 12 91 8:15-8:12 

12 1 11 97 8:12-8:15 

11 1 19 71 8:15-8:12 

15 1 11 81 8:12-8:15 

9 2 7 18 8:15-8:12 

11 1 11 122 8:12-8:15 

9 2 9 91 8:15-8:52 

12 1 11 111 8:52-8:55 

15 2 17 91 8:55-9:22 

8 1 1 81 9:22-9:25 

11 2 12 11 9:25-9:12 

1 2 1 72 9:12-9:15 

1 2 5 82 9:15-9:12 

15 1 9 57 9:12-9:15 

15 1 9 57 9:15-9:12 

 

 

 

 
 

Table (A-٣) : Traffic Volume Data for Northbound Direction- 

Segment ٣. 

 



 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

7 1 5 87 7:12-7:15 

1 2 1 88 7:15-7:12 

1 2 1 91 7:12-7:15 

7 1 1 89 7:15-7:52 

9 1 8 95 7:52-7:55 

5 2 5 98 7:55-8:22 

1 2 1 111 8:22-8:25 

18 1 11 111 8:25-8:12 

9 1 11 111 8:12-8:15 

8 1 7 91 8:15-8:12 

17 1 17 112 8:12-8:15 

11 1 11 119 8:15-8:12 

11 1 11 111 8:12-8:15 

11 1 11 121 8:15-8:12 

8 1 8 111 8:12-8:15 

11 1 11 111 8:15-8:52 

5 1 1 111 8:52-8:55 

12 1 17 111 8:55-9:22 

1 2 1 115 9:22-9:25 

1 2 1 122 9:25-9:12 

9 1 9 99 9:12-9:15 

7 1 5 99 9:15-9:12 

8 1 7 89 9:12-9:15 

9 2 8 85 9:15-9:12 

 

 

 

 

 
 

 

Table (A-12) : Traffic Volume Data for Northbound Direction- 

Segment 12 . 



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

1 1 1 81 7:12-7:15 

1 1 1 81 7:15-7:12 

9 2 9 81 7:12-7:15 

9 1 8 92 7:15-7:52 

11 1 12 91 7:52-7:55 

8 2 7 81 7:55-8:22 

1 2 1 88 8:22-8:25 

17 1 15 81 8:25-8:12 

12 1 12 111 8:12-8:15 

11 1 11 91 8:15-8:12 

12 2 11 117 8:12-8:15 

11 1 15 111 8:15-8:12 

11 1 11 91 8:12-8:15 

11 2 11 121 8:15-8:12 

7 1 1 115 8:12-8:15 

11 2 11 91 8:15-8:52 

1 1 1 111 8:52-8:55 

1 2 7 111 8:55-9:22 

1 2 1 99 9:22-9:25 

1 2 1 95 9:25-9:12 

9 1 8 91 9:12-9:15 

7 1 1 92 9:15-9:12 

1 1 1 89 9:12-9:15 

5 2 1 81 9:15-9:12 

 

 

 

 
 

 

Table (A-11) : Traffic Volume Data for Northbound Direction- 

Segment 11 . 



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

1 1 1 85 7:12-7:15 

9 1 7 85 7:15-7:12 

5 2 5 89 7:12-7:15 

7 1 5 99 7:15-7:52 

1 2 1 122 7:52-7:55 

12 1 9 91 7:55-8:22 

11 1 18 155 8:22-8:25 

11 9 11 111 8:25-8:12 

8 1 12 111 8:12-8:15 

11 1 17 111 8:15-8:12 

15 7 17 112 8:12-8:15 

11 1 17 111 8:15-8:12 

7 2 11 111 8:12-8:15 

11 1 11 119 8:15-8:12 

12 1 12 112 8:12-8:15 

11 1 18 111 8:15-8:52 

9 1 11 117 8:52-8:55 

9 1 9 118 8:55-9:22 

11 1 11 122 9:22-9:25 

7 2 7 99 9:25-9:12 

8 2 8 98 9:12-9:15 

11 1 12 98 9:15-9:12 

1 1 1 97 9:12-9:15 

11 1 11 95 9:15-9:12 

 

 

 

 
 

Table (A-10) : Traffic Volume Data for Northbound Direction- 

Segment 10 . 

 



 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

1 1 5 91 7:12-7:15 

5 1 1 92 7:15-7:12 

12 1 8 91 7:12-7:15 

1 2 1 91 7:15-7:52 

11 2 11 95 7:52-7:55 

8 1 7 98 7:55-8:22 

8 1 7 122 8:22-8:25 

12 5 19 99 8:25-8:12 

7 1 5 112 8:12-8:15 

11 1 18 127 8:15-8:12 

1 1 1 121 8:12-8:15 

11 2 11 128 8:15-8:12 

9 1 8 111 8:12-8:15 

9 1 9 117 8:15-8:12 

11 9 7 122 8:12-8:15 

18 1 11 71 8:15-8:52 

9 2 11 117 8:52-8:55 

9 1 11 111 8:55-9:22 

8 2 9 121 9:22-9:25 

1 2 1 99 9:25-9:12 

5 1 1 122 9:12-9:15 

8 1 7 97 9:15-9:12 

12 1 9 89 9:12-9:15 

8 1 7 91 9:15-9:12 

 

 

 

 

 
 

 

Table (A-1٩) : Traffic Volume Data for Northbound Direction- 

Segment 1٩ . 



 

 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

11 2 8 59 7:12-7:15 

8 2 1 18 7:15-7:12 

12 1 1 11 7:12-7:15 

11 1 9 85 7:15-7:52 

11 1 12 92 7:52-7:55 

11 1 8 88 7:55-8:22 

12 1 11 92 8:22-8:25 

11 1 12 98 8:25-8:12 

17 1 11 95 8:12-8:15 

11 1 11 111 8:15-8:12 

17 1 18 122 8:12-8:15 

15 2 18 121 8:15-8:12 

12 1 12 122 8:12-8:15 

15 2 17 122 8:15-8:12 

11 5 11 121 8:12-8:15 

11 1 12 88 8:15-8:52 

11 1 11 99 8:52-8:55 

18 1 11 81 8:55-9:22 

11 1 9 79 9:22-9:25 

11 1 8 82 9:25-9:12 

11 1 9 91 9:12-9:15 

11 1 11 91 9:15-9:12 

8 1 5 78 9:12-9:15 

8 1 1 77 9:15-9:12 

 

 

 

 

 
Table (A-1٠) : Traffic Volume Data for Northbound Direction- 

Segment 1٠ . 

 



 

%HV Trucks Minibuses Passenger 

Cars 

Time Period 

 

12 1 1 15 7:12-7:15 

9 1 5 12 7:15-7:12 

12 2 8 71 7:12-7:15 

9 1 1 11 7:15-7:52 

7 1 5 75 7:52-7:55 

1 2 1 79 7:55-8:22 

12 1 8 82 8:22-8:25 

12 2 9 77 8:25-8:12 

12 1 17 77 8:12-8:15 

11 1 11 81 8:15-8:12 

12 1 17 81 8:12-8:15 

11 1 15 91 8:15-8:12 

11 1 11 95 8:12-8:15 

11 1 11 91 8:15-8:12 

17 1 15 85 8:12-8:15 

11 1 11 87 8:15-8:52 

11 2 11 91 8:52-8:55 

11 1 11 71 8:55-9:22 

11 1 8 11 9:22-9:25 

11 1 8 72 9:25-9:12 

11 1 12 18 9:12-9:15 

9 1 5 59 9:15-9:12 

1 2 5 75 9:12-9:15 

11 1 9 71 9:15-9:12 

 

 

 

 

 

 

 

 



                                                                     

 

 

 

 

 

APPENDIX B 

REDUCED FLOW, AND SPEED DATA  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table (B-1) : Flow and Speed Data for Segment 1 . 

 

 

Speed (km/hr) Flow (pc/hr) Time (min.) 

 

15.91 922 7:12-7:15 

15.91 888 7:15-7:12 

18.11 879 7:12-7:15 

11.81 1112 7:15-7:52 

11.11 1289 7:52-7:55 

11.91 1111 7:55-8:22 

11.11 1511 8:22-8:25 

11.21 1198 8:25-8:12 

11.71 1121 8:12-8:15 

11.71 1172 8:15-8:12 

11.1 1177 8:12-8:15 

12.88 1188 8:15-8:12 

12.11 1521 8:12-8:15 

19.11 1578 8:15-8:12 

12.11 1197 8:12-8:15 

12.11 1592 8:15-8:52 

19.8 1711 8:52-8:55 

18.71 1152 8:55-9:22 

11.11 1112 9:22-9:25 

11.18 1151 9:25-9:12 

15.51 1289 9:12-9:15 

15.91 1111 9:15-9:12 

19.88 992 9:12-9:15 

17.71 912 9:15-9:12 

 

 

 

 

 

 
 



 

Table (B-0) : Flow and Speed Data for Segment 0 . 

 

 

Speed (km/hr) Flow (pc/hr) Time (min.) 

 

18.88 975 7:12-7:15 

19.11 871 7:15-7:12 

11.21 855 7:12-7:15 

15 1221 7:15-7:52 

17.8 1211 7:52-7:55 

11 1129 7:55-8:22 

11.51 1111 8:22-8:25 

15.18 1117 8:25-8:12 

12.91 1171 8:12-8:15 

18.28 1112 8:15-8:12 

18.11 1118 8:12-8:15 

17.11 1521 8:15-8:12 

17.11 1188 8:12-8:15 

18.28 1111 8:15-8:12 

15.91 1111 8:12-8:15 

11.11 1592 8:15-8:52 

11.18 1111 8:52-8:55 

11.81 1518 8:55-9:22 

11.18 1171 9:22-9:25 

15.51 1117 9:25-9:12 

17 1117 9:12-9:15 

19.88 1118 9:15-9:12 

19.11 1211 9:12-9:15 

11.18 891 9:15-9:12 

 

 

 

 

 

 
 



 

 

Table (B-٩) :Flow and Speed Data for Segment ٩ . 

 

 

Speed (km/hr) Flow (pc/hr) Time (min.) 

 

12.81 1215 7:12-7:15 

51.51 1271 7:15-7:12 

51.11 1112 7:12-7:15 

51.51 1171 7:15-7:52 

15 1295 7:52-7:55 

19.11 1128 7:55-8:22 

11.91 1111 8:22-8:25 

11.91 1151 8:25-8:12 

18.8 1998 8:12-8:15 

17 1599 8:15-8:12 

17.71 1811 8:12-8:15 

12.1 1998 8:15-8:12 

19.88 1121 8:12-8:15 

19.91 1117 8:15-8:12 

11.1 1812 8:12-8:15 

17.51 1711 8:15-8:52 

11.1 1181 8:52-8:55 

11.91 1818 8:55-9:22 

11.91 1181 9:22-9:25 

11.91 1111 9:25-9:12 

17.8 1115 9:12-9:15 

11.71 1218 9:15-9:12 

11.1 919 9:12-9:15 

17.51 1118 9:15-9:12 

 

 

 

 

 

 

 



 

Table (B-٠) : Flow and Speed Data for Segment ٠ . 

 

 

Speed (km/hr) Flow (pc/hr) Time (min.) 

 

59.71 1191 7:12-7:15 

15 1111 7:15-7:12 

19.11 1171 7:12-7:15 

51.18 1112 7:15-7:52 

11.18 1111 7:52-7:55 

18.88 1111 7:55-8:22 

11.91 1881 8:22-8:25 

15.18 1217 8:25-8:12 

19.51 1791 8:12-8:15 

17.71 1288 8:15-8:12 

11.1 1122 8:12-8:15 

11.18 1121 8:15-8:12 

11.81 1129 8:12-8:15 

11.18 1917 8:15-8:12 

19.8 1271 8:12-8:15 

17.71 1758 8:15-8:52 

12.91 1119 8:52-8:55 

19.88 1122 8:55-9:22 

18.8 1171 9:22-9:25 

11.11 1112 9:25-9:12 

11.1 1111 9:12-9:15 

15 1121 9:15-9:12 

11.28 1191 9:12-9:15 

11.18 1115 9:15-9:12 

 

 

 

 

 

 

 



     

Table (B-5) : Flow and Speed Data for Segment 5 . 

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

17.28 1179 7:12-7:15 

11.71 1117 7:15-7:12 

11.11 1111 7:12-7:15 

11.21 1115 7:15-7:52 

11.21 1111 7:52-7:55 

17.11 1115 7:55-8:22 

15.91 1851 8:22-8:25 

11.81 1271 8:25-8:12 

18.11 1871 8:12-8:15 

11.1 1171 8:15-8:12 

11.81 1881 8:12-8:15 

11.21 1989 8:15-8:12 

11.91 1182 8:12-8:15 

19.8 1291 8:15-8:12 

12.11 1811 8:12-8:15 

11.28 1171 8:15-8:52 

19.8 1111 8:52-8:55 

19.11 1217 8:55-9:22 

19.28 1121 9:22-9:25 

12.51 1182 9:25-9:12 

11.21 1118 9:12-9:15 

11.1 1112 9:15-9:12 

11.18 1111 9:12-9:15 

11.18 1119 9:15-9:12 

 

 

 

 

 
      

 



 

Table (B-6) : Flow and Speed Data for Segment 6 . 

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

11.71 1178 7:12-7:15 

11.11 1112 7:15-7:12 

11.71 1121 7:12-7:15 

15.51 1128 7:15-7:52 

11.81 1152 7:52-7:55 

11.11 1112 7:55-8:22 

11.21 1551 8:22-8:25 

11.21 1717 8:25-8:12 

11.21 1117 8:12-8:15 

11.11 1117 8:15-8:12 

11.11 1557 8:12-8:15 

11.11 1785 8:15-8:12 

11.11 1118 8:12-8:15 

12.11 1512 8:15-8:12 

19.28 1158 8:12-8:15 

12.51 1928 8:15-8:52 

12.11 1111 8:52-8:55 

19.28 1791 8:55-9:22 

12.11 1121 9:22-9:25 

11.81 1111 9:25-9:12 

15.91 1117 9:12-9:15 

11.18 1112 9:15-9:12 

15.91 1119 9:12-9:15 

11.18 1119 9:15-9:12 

 

 

 

 

 
 

 



Table (B-7) : Flow and Speed Data for Segment 7 . 

 

 

Speed (km/hr) 

 
Flow (pc/hr) Time Period 

 

11.51 811 7:12-7:15 

12.11 981 7:15-7:12 

19.88 1111 7:12-7:15 

18.11 1125 7:15-7:52 

17.71 1215 7:52-7:55 

11.11 1177 7:55-8:22 

15.51 1119 8:22-8:25 

11.81 1118 8:25-8:12 

11.11 1111 8:12-8:15 

11.21 1511 8:15-8:12 

11.21 1711 8:12-8:15 

11.21 1178 8:15-8:12 

11.71 1551 8:12-8:15 

11.1 1755 8:15-8:12 

11.1 1917 8:12-8:15 

11.91 1119 8:15-8:52 

19.11 1711 8:52-8:55 

19.28 1121 8:55-9:22 

19.28 1119 9:22-9:25 

11.91 1117 9:25-9:12 

12.11 1175 9:12-9:15 

11.11 1179 9:15-9:12 

19.28 1118 9:12-9:15 

11.11 1151 9:15-9:12 

 

 

 

 

 

 
 

 



 

Table (B-1) : Flow and Speed data for Segment 1 . 

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

51.1 151 7.12-7.15 

19.18 719 7.15-7.12 

11.11 922 7.12-7.15 

11.18 759 7.15-7.52 

18.51 715 7.52-7.55 

11.11 911 7.55-8.22 

18.11 1212 8.22-8.25 

12.91 1191 8.25-8.12 

19.51 1158 8.12-8.15 

19.88 1111 8.15-8.12 

11.11 1518 8.12-8.15 

11.11 1197 8.15-8.12 

17.11 1117 8.12-8.15 

18.28 911 8.15-8.12 

12.11 1119 8.12-8.15 

11.11 1119 8.15-8.52 

17.71 1557 8.52-8.55 

11.11 1127 8.55-9.22 

15.1 1112 9.22-9.25 

11.18 881 9.25-9.12 

11.18 885 9.12-9.15 

11.81 1215 9.15-9.12 

11.18 811 9.12-9.15 

15.18 811 9.15-9.12 

 

 

 

 

 

 
 

 



 

Table (B-٣) : Flow and Speed Data for Segment ٣ .     

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

18.11 1117 7:12-7:15 

19.11 1111 7:15-7:12 

18.28 1111 7:12-7:15 

17 1181 7:15-7:52 

11.1 1181 7:52-7:55 

11.11 1151 7:55-8:22 

19.8 1119 8:22-8:25 

19.11 1711 8:25-8:12 

19.11 1715 8:12-8:15 

17.11 1111 8:15-8:12 

18.71 1129 8:12-8:15 

18 1915 8:15-8:12 

17.11 1121 8:12-8:15 

18.11 1519 8:15-8:12 

11.91 1512 8:12-8:15 

17.18 1551 8:15-8:52 

11.51 1592 8:52-8:55 

11.11 1159 8:55-9:22 

11.11 1115 9:22-9:25 

11.91 1115 9:25-9:12 

11.18 1117 9:12-9:15 

15.51 1111 9:15-9:12 

11.18 1197 9:12-9:15 

11.8 1112 9:15-9:12 

 

 

 

 

 

 
    



 

Table (B-12) : Flow and Speed Data for Segment 12 . 

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

17.88 1211 7:12-7:15 

11.28 1215 7:15-7:12 

11.11 1117 7:12-7:15 

17.28 1111 7:15-7:52 

17.8 1178 7:52-7:55 

15.11 1111 7:55-8:22 

19.11 1121 8:22-8:25 

12.11 1125 8:25-8:12 

12.11 1551 8:12-8:15 

19.11 1111 8:15-8:12 

18.28 1599 8:12-8:15 

19.88 1111 8:15-8:12 

19.11 1159 8:12-8:15 

11.11 1121 8:15-8:12 

15.51 1511 8:12-8:15 

11.81 1111 8:15-8:52 

11.71 1521 8:52-8:55 

11.11   1197 8:55-9:22 

11.11 1178 9:22-9:25 

11.18 1112 9:25-9:12 

18.11 1118 9:12-9:15 

15.51 1111 9:15-9:12 

17 1111 9:12-9:15 

17.11 1211 9:15-9:12 

 

 

 

 

 

 
 



 

Table (B-11) : Flow and Speed Data for Segment 11 .   

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

18.11 1289 7:12-7:15 

19.18 1119 7:15-7:12 

17.11 1111 7:12-7:15 

11.28 1115 7:15-7:52 

11.81 1192 7:52-7:55 

11.1 1175 7:55-8:22 

12.11 1151 8:22-8:25 

18.51 1928 8:25-8:12 

19.11 1971 8:12-8:15 

11.91 1875 8:15-8:12 

19.51 1121 8:12-8:15 

11.71 1159 8:15-8:12 

19.88 1187 8:12-8:15 

11.11 1151 8:15-8:12 

11.11 1821 8:12-8:15 

11.11 1921 8:15-8:52 

19.11 1718 8:52-8:55 

17.11 1711 8:55-9:22 

19.11 1189 9:22-9:25 

11.1 1191 9:25-9:12 

11.1 1191 9:12-9:15 

51.18 1171 9:15-9:12 

19.11 1171 9:12-9:15 

51.88 1119 9:15-9:12 

 

 

 

 

 
 

 



Table (B-10) : Flow and Speed Data for Segment 10 .    

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

58.11 1191 7:12-7:15 

59.1 1171 7:15-7:12 

51.88 1112 7:12-7:15 

17.88 1191 7:15-7:52 

11.28 1152 7:52-7:55 

51.1 1125 7:55-8:22 

51.11 1151 8:22-8:25 

55.11 1591 8:25-8:12 

17.51 1111 8:12-8:15 

11.18 1111 8:15-8:12 

12.11 1187 8:12-8:15 

17.8 1511 8:15-8:12 

11 1811 8:12-8:15 

18.8 1111 8:15-8:12 

17.71 1511 8:12-8:15 

11.1 1121 8:15-8:52 

18.11 1519 8:52-8:55 

15 1812 8:55-9:22 

11.1 1181 9:22-9:25 

11.28 1178 9:25-9:12 

17.88 1181 9:12-9:15 

57.11 1117 9:15-9:12 

59.71 1117 9:12-9:15 

11.28 1115 9:15-9:12 

 

 

 

 

 

 

 
    



 

Table (B-1٩) : Flow and Speed Data for Segment 1٩ . 

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

11.71 818 7:12-7:15 

17.8 921 7:15-7:12 

12.11 921 7:12-7:15 

19.11 1179 7:15-7:52 

11.18 1178 7:52-7:55 

12.1 1118 7:55-8:22 

11.21 1111 8:22-8:25 

17.71 1171 8:25-8:12 

12.1 1171 8:12-8:15 

18.28 1591 8:15-8:12 

11.18 1518 8:12-8:15 

15.91 1518 8:15-8:12 

17.11 1171 8:12-8:15 

11.18 1155 8:15-8:12 

11.71 1511 8:12-8:15 

11.11 1178 8:15-8:52 

11.18 1115 8:52-8:55 

15.51 1112 8:55-9:22 

18.11 1127 9:22-9:25 

17 1118 9:25-9:12 

19.51 1199 9:12-9:15 

11.11 1119 9:15-9:12 

11.21 1259 9:12-9:15 

11.18 1218 9:15-9:12 

 

 

 

 

 

 

 



 

 

Table (B-1٠) : Flow and Speed Data for Segment 1٠ . 

 

 

Speed (km/hr) Flow (pc/hr) Time Period 

 

11.91 891 7:12-7:15 

12.88 819 7:15-7:12 

12.88 971 7:12-7:15 

11.11 851 7:15-7:52 

11.11 999 7:52-7:55 

11.71 991 7:55-8:22 

11.11 1121 8:22-8:25 

12.88 1259 8:25-8:12 

19.11 1117 8:12-8:15 

11.91 1117 8:15-8:12 

19.11 1111 8:12-8:15 

19.11 1115 8:15-8:12 

18.71 1177 8:12-8:15 

12.88 1115 8:15-8:12 

19.8 1191 8:12-8:15 

19.28 1151 8:15-8:52 

18.11 1121 8:52-8:55 

12.88 1295 8:55-9:22 

19.11 912 9:22-9:25 

18.11 1228 9:25-9:12 

12.88 992 9:12-9:15 

19.8 827 9:15-9:12 

11.11 975 9:12-9:15 

15.1 1211 9:15-9:12 

 

  

 

 



 

 
 الخلاصت

 
البحث ٗتضوي دزاسة ّاحد هي أُمن البمبت ا الوسّزٗمة ممٖ هدٌٗمة الٌحمث . ح٘مث ِٗمدا البحمث المٔ 

ًحث ّّضع البدائل الوٌ سبة لغسض تحس٘ي هحدداا التفم ة   –تق٘٘ن الحسكة الوسّزٗة لطسٗق كْمة 

 لتلك الطسٗق .

الٌحممث الممٔ هقمم  ع . -هممي ا ممل السمم٘طس  علممٔ  وممع الوسممْح ا الحقل٘ممة  مقممد تممن تقسمم٘ن  سٗممق كْمممة

HCM-1222) ب لاعتو د علٔ ) . الوقطع ُْ الوس مة ب٘ي التق  ع ّالتق  ع المرٕ ٗل٘مَ ّب تحم ٍ ّاحمد

كل تقم  ع تمن تيمْٗسٍ ب سمت دام كم ه٘سا م٘مدْٗ لفتمساا ه تلفمة همي ا مل تحدٗمد سم عة المرزّ . ه مد  

وم  ه مد  ب٘ ًم ا السمسعة اللح ٘مة ب٘ ً ا الأحح م الوسّزٗة تن  و ِ  ب ست دام التيْٗس ب لف٘دْٗ  بٌ٘

Event)تمن  و ِم  ب لطسٗقممة ال٘دّٗمة امم   سم عة المرزّ  . أسممت دم بسًم ه  ) لغممسض  ومع ّتِ٘ ممة  

ب٘ ً ا الأحح م الوسّزٗة هي أم م الف٘دْٗ ح٘مث ت م ى ُمرٍ الب٘ ًم ا علمٔ امتل مم ٗ ا جمن ه  لحتِم  

Excel)بْاسطة بسًم ه  ) . ال يم ئ  الٌِدسم٘ة للطسٗمق تمن الحيمْ  علِ٘م  هب امس  همي الحقمل .  

سم عة  \( هسكبة1522-1222أظِسا الوسْح ا الحقل٘ة أىّ ه د  الحسٗ ى الوسّزٕ كم ى هم  بم٘ي )

.س عة \( كن122-12بٌ٘و  ك ى ه د  السسعة اللح ٘ة ٗتساّح ه  ب٘ي )  

TRANSYT-7F (1221)تن است دام بسً هحٖ    ّ HCS (1221) لتق٘٘ن التق    ا ّذلك بحس ب  

هستْٓ ال دهة ّغ٘سُ  هي هحدداا التف ة  تحت ال سّا الاعت٘ دٗة للطسٗق   ّعلٔ ضمْة الٌتم ئ  

تن عول ستة بدائل لتحس٘ي هستْٓ ال دهة ّغ٘سُ  هي هحمدداا التفم ة  للطسٗمق ب سمت دام بسًم هحٖ 

CYCOPT   ّ T7FACT الوْ ْدٗي ضوٌ  مٖ بسً ه    TRANSYT-7F  .  

(HCS-1222)ًت ئ   تب٘س الٔ إى هستْٓ ال دهة لت مة التق   م ا ُمْ   F   بٌ٘وم  هسمتْٓ ال دهمة  

(F & C)لتلك التق    ا ٗتساّح ب٘ي  عٌد است دام بسً ه    (TRANSYT-7F) . التحسٌ٘ ا التٖ  

تن إ ساةُ  علٔ التق    ا أدا الٔ تحس٘ي هحدداا التف ة  للتق   م ا بيمْز  هلحْظمة   ح٘مث تمن 

س٘ي هستْٓ ال دهة لتق  ع البِسست ًٖ هي تح E   ٔال  C   ّتق  ع هسلن تن تحسٌَ٘ هي  F   ٔال  C  

الٔ   F  أه  تق  ع اليدزٗي مقد تن تحس٘ي هستْٓ ال دهة لَ هي  D  .  

                                                                

 



 

 

 وزارة التعلين العالي والبحث العلوي

عت بابلجاه  

 كليت الهنذست

 قسن الهنذست الوذنيت
 

 

 

 

 

 

نجـــــــف  –تقيين الحركت الوروريت لطريق كىفـــــت   

 

 

 

 رسالت 

 هقذهت الى قسن الهنذست الوذنيت في جاهعت بابل

واجستير في علىم الكجسء هن هتطلباث نيل شهادة   

. الوذنيتهنذست ال  
 

 

 

 هن قبل :

 هنار حوسة حرز
 

 

 

 بإشراف :

م.د. نهله يعسىب احوذ أ.  

أ.م. علي عبذ الأهير علىش   
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