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1.  Abstract  

 
This scientific paper discusses two 

transportation systems, Monorail system and 

BRT system, with a comparison between them 

in Amman. We talk about these systems around 

the world, advantages, disadvantages, costs, 

fares, and social impacts… etc. for each system. 

As we know BRT project has been established 

in Amman for three years, and we managed to 

study providing an elevated light Monorail in 

the same BRT Route in street Queen Rania Al-

Abdullah ... With a complete study of the line 

reaches a length of 10.6 km, between Sweileh 

Terminal and Sport City. 

Some modelling data in this paper was provided 

by Greater Amman Municipality, which was 

analyzed by different modelling programs and 

we use it to serve Monorail Project in the same 

BRT line.  

The results of this comparison, is the advantage 

of saving time and money for monorail users 

against BRT users. In addition, solving the 

congestion problem in the areas being served by 

this system, finally monorail system is good 

solution for present and future determinants. 

2.   Introduction  
 

Congestion at present is one of greatest problem 

in the main street of Amman, the capital city of 

Jordan, these days the government sector is 

searching for solutions to solve this problem, 

because it is growing every day more and more 

because of the increasing in people and vehicles. 

But what is the solution for this problem? 

There is a several solutions adopted by 

transportation section in Greater Amman 

Municipality , One of them is to encourage 

people to use public transportation by using 

private vehicle, but public transportation 

vehicles is use  the same roads of private vehicle 

which suffers from traffic jams and huge traffic 

.  

For this, the research process will be more deep 

inside public transportation frame, So we thinks 

in public transportation separated system that 

separate public transportation line from 

carriageway, so the system will not be effected 

by congestion and Jams .  

Firstly, The Municipality of Greater Amman 

tried to find new system which called bus rapid 

transit (BRT), this bus has a private street 

separated from private vehicles.  

 But does this system really effective in 

Amman? What is the impact of traffic in the 

highway at present and future? And is there any 

other solution? 

We find other solution which has several 

advantages it is called (Monorail). 

This paper will explain a scientific comparison 

between (BRT) system and (Monorail) system 

according to what is the best solution in Amman 

between these systems. 

 

3.   Background 

 

Jordan one of the countries that suffers from 

rapidly increase of population, and this increase 

impact directly to the public transportation 

services, so the public transportation level of 

service is going down in the recent years 

specially in Amman, the capital of Jordan. 

Greater Amman Municipality tried to find 

solutions to improve public transportation 

services, by improving public transportation 

network, raise the cooperation between public 

and private sectors, and find new master plan 

for Amman, but the results did not reach the 

limits that GAM expected because of: 

1- Poor infrastructure of Amman Roads. 

2- Political intervention that stops some of great 

projects, especially transportation projects. 

3- Huge number of vehicles that entrance 

Amman every day from neighboring provinces. 

4- Public transport culture. 

5- Poor of public transport services. 

6- Individual public transport companies. 

 

These reasons keep the situation of public 

transport services as it is, and one of the most 

important factors that effect in this, private cars, 

because it is increasing rapidly. 
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The 1999 national registered vehicle fleet 

composition was estimated at around 320,000. 

In 2002, the vehicle fleet had increased to nearly 

510,000 vehicles representing an increase of 

69% or a growth of 19% per annum since 1999. 

In 2005, there were nearly 660,000 vehicles 

registered, representing an increase of 115% 

since 1999. The table below shows the annual 

growth rate of vehicles all around Jordan since 

2002. 
 

year Number of vehicles Annual growth rate 

2002 509522 6.9% 

2003 541575 5.9% 

2004 589609 8.1% 

2005 656845 10.2% 

2006 736401 10.8% 

2007 813309 9.5% 

2008 897005 9.3% 

2009 994753 9.8% 

2010 1075453 7.5% 

2011 1147258 6.3% 

 

Currently, there are 178 cars per 1000 people, 

which is moderate when compared to developed 

nations in Europe or the USA. This relatively 

low rate is attributable to the relatively lower 

income levels in Amman, but also the large 

family size and dependency on a single income 

within the household. 

Greater Amman Municipality decided Transport 

Amman Master Plan (TMMP) to give Amman 

new strategies and projects to solve public 

transportation problems. 

 

The public transport strategy within the Amman 

TMMP is based on internationally accepted 

good practice, with the core principles being: 

A) To establish a comprehensive public 

transport system based upon a clear hierarchy of 

needs; 

B) To create an accessible public transport 

system which addresses social inclusion and 

promotes modal shift from private car use; 

C) To ensure that the development of new and 

extended public transport services is designed to 

address the needs of the Amman Plan and land 

use planning in general; 

D) To design the public transport system so that 

it optimizes benefits to the economy of Amman 

and Jordan; 

E) To undertake a comprehensive upgrade to 

passenger facilities across the whole network in 

order to encourage modal shift; 

F) To integrate the public transport system with 

other transport strategies and plans; 

G) To segregate fully the level 1 public 

transport network, and to introduce bus priority 

measures elsewhere in order to minimize the 

impact of traffic congestion on the public 

transport network; 

H) To introduce a regulatory and contractual 

system which provides a stable, predictable and 

high quality public transport network and which 

encourages private sector investment and 

innovation. 

 

But GAM cannot face the difficulties in the 

ground, and after it had started work on 

infrastructure of BRT project, technical notes 

was found about the design, and people attack 

the project because of taking from street sides, 

so GAM stopped work on it indefinitely. 

 

Redesigning and introducing substantial 

changes to the public transport network in 

Amman is a complex exercise, which needs to 

take into consideration current trip patterns by 

all modes, future development and changes in 

population sizes, access patterns to employment, 

education and health facilities, and pleasing 

people. 

 

After that, in my opinion finding new public 

transportation system that encourage people to 

use public transportation instead of using private 

cars, without any objection from them, and 

convince them to start building new public 

transportation system in Amman, so I find 

Monorail is the solution for that, this project can 

open people mind of public transportation 

systems, and giving trust to the GAM to make 

any projects, because it is a new system, and 

does not take any width of the street, so people 
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can accepts that, and this will open door to other 

projects like BRT for example. 

 

4. BRT System 

 

3.1 What is Bus Rapid Transit? 

BRT is an innovative, high capacity, lower cost 

public transit solution that can significantly 

improve urban mobility.  This permanent, 

integrated system uses buses or specialized 

vehicles on roadways or dedicated lanes to 

quickly and efficiently transport passengers to 

their destinations, while offering the flexibility 

to meet transit demand.  BRT systems can easily 

be customized to community needs and 

incorporate state-of-the-art, low-cost 

technologies that result in more passengers and 

less congestion. 

3.2 Major Elements of BRT: Bus Rapid 

Transit is a flexible, permanently-integrated 

package of rapid transit elements with a quality 

image and distinct identity. This chapter 

describes the characteristics, range of options, 

relative costs, and a variety of other critical 

planning parameters for the following seven 

major BRT elements.  

3.2.1 Running Ways: Running ways 

significantly impact travel speeds, reliability, 

and identity. Optionsrange from general traffic 

lanes to fully-grade-separated BRT transit ways.  

 

3.2.2 Stations: Stations, as the entry point to the 

system, are the single most important customer 

interface, affecting accessibility, reliabil-ity, 

comfort, safety, and security, as well as dwell 

times and system image. BRT station options 

vary from simple stops with basic shelters to 

complex stations and intermodal terminals with 

many amenities.  

 

 

3.2.3 Vehicles: BRT systems can utilize a wide 

range of vehicles, from standard buses to 

specialized vehicles. Options vary in terms of 

size, propulsion system, design, internal 

configuration, and horizontal/ longitudinal 

control, all of which impact system 

performance, capacity, and service quality. 

Aesthetics, both internal and external, also are 

important for establishing and reinforcing the 

brand identity of the system.  

 

 

 

Vehicles—Vehicle Configuration: 

Longer buses, such as articulated vehicles, have 

higher person capacity by as much as 50 percent 

over standard 40-ft buses through a combination 

of seated and standing passengers. The doors, 

floors and capacity of typical length buses are 

illustrated in Table 3.2.3. 

 

 

 

 

 

Table 3.2.3 : Typical U.S. and Canadian 

BRT Vehicle Dimensions and Capacities 

 
Length 

(ft) 

Width (ft) # Door 

Channels 

# 

Seats(incl. 

seats in 

wheel 

chair tie-

down 

areas) 

Maximum 

capacity 

(seated 

plus 

standing) 

40 

(12.2m) 

96-102 

(2.45-2.6m) 

2-5 35-44 50-60 

45 

(13.8m) 

96-102 
(2.5-2.6m) 

2-5 35-52 60-70 

60 

(18m) 

98-102 

(2.5-2.6m) 

4-7 31-65 80-90 

80 

(24m) 

98-

102 
(2.5-2.6m) 

7-9 40-70 110-130 

 

Capacity includes seated riders plus standees 

computed at a density of 3 standing persons per 

square meter. 

3.2.4 Fare Collection: Fare collection affects 

customer convenience and accessibility, as well 

as dwell times, service reliability, and passenger 

security. Options range from traditional pay-on-

board methods to pre-payment with electronic 

fare media (e.g., smart cards).  

3.2.5 Intelligent Transportation Systems (ITS) 
: A wide variety of ITS technologies can be 
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integrated into BRT systems to improve BRT 

system performance in terms of travel times, 

reliability, con-venience, operational efficiency, 

safety, and security. ITS options 

 

 

3.3 BRT Elements by System and Person 

Capacity 

The top systems are Kunming’s BRT network in 

the world, Brisbane’s South East Busway, and 

Bogotá’s Transmilenio. It should be noted that 

these are all BRT networks or services that 

accommodate multiple lines, so their capacity is 

much higher than a single BRT line. All operate 

off-street with very substantial stations and 

extremely high frequencies. Although the South 

East Busway uses standard vehicles, its stations 

can accommodate up to five vehicles, and some 

services run as frequently as every 16 seconds. 

This system has a total capacity of 15,000. 

Bogotá’s Transmilenio is an order of magnitude 

higher than the other systems in all research. 
with a maximum capacity of 45,000 passengers 

per hour. As noted earlier, this easily matches 

rail system capacities. To achieve this, Bogotá 

uses off-street busways, articulated vehicles, 

spacious stations with passing capability and 

level boarding, and very high frequency. 

But the research of Brisbane’s South East 

Busway and Bogotá’s Transmilenio system 

finds those systems Is suffering from huge 

demand, low level of service and congestion, 

also it’s have two lanes per direction and the 

stations is very tall and wide, that’s mean it is 

need more space for carriageway in addition of 

that the proposal person capacity is more than 

15,000 person per day, in calculation chapter we 

will explain that. 

 

                                      Pictures of congestion 

problem for Bogotá’s Transmilenio system . 

3.3   Amman BR 

Amman BRT was the solution which had been 

created by Greater Amman Municipality to 

solve congestions along streets in Amman, the 

idea of this project to encourage people to use 

public transportation instead of private cars, so 

Amman needs a developed transportation 

system, like BRT, Monorail, Tram, Metro…etc. 

Amman now is suffering from a high number of 

private cars (car ownership). 

And because the limited of street width, and 

effectiveness of any geometric design at 

intersections, they oriented into public transport 

to stop the growth of private cars, so they 

decided to construct new public transportation 

system to develop public transportation sector, 

BRT was chosen for that. 

Amman BRT is one of the city’s most ambitious 

transportation projects yet. With Phase 1 slated 

for completion in 2012, the project aims to 

create a paradigm shift in Amman’s mobility—a 

shift that will pave the way for a modern, 

sustainable, and livable city. 

The project was stopped in 2011 and expected 

to start again in 2014.  
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 5.     Monorail System 
 

4.1 Definition of Monorail 

Monorail is a single rail serving as a track for 

passenger or freight vehicles. In most cases rail 

is elevated, but monorails can also run at grade, 

below grade or in subway tunnels. There are 

two basic monorail types: straddle and 

suspension monorail. The straddle monorail 

runs on track beams. Suspension monorail is 

suspended under track beams which are made of 

steel. Monorail vehicle are wider than the guide 

way that supports them. A monorail system 

comprises guide way, car, station, power supply 

equipment, computer control systems and 

maintenance and storage facilities. A detail 

monorail system structure diagram is shown 

below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Monorail systems have found shared 

applications in the transportation market in 

airport transfer and some medium capacity 

metro systems. To differentiate monorail 

systems from other transport modes, the 

Monorail Society further clarifies the definition 

of a monorail such that the beam in a monorail 

system is narrower than the vehicle. 
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4.2 Examples of Monorail System 

- Chiba Monorail (Japan) 

Chiba Monorail is the perfect choice to adopt in 

Amman, the suspended system is aesthetically 

more than straddle-beam, so that encourage 

people to use public transport and leave using 

private cars, and suspended system column is 

thinner than straddle-beam to put in the middle 

median. 

 

Before 25 years private sector owned 48% of 

stocks and 52% owned by government, and now 

government owned about 92%. 

Chiba monorail takes about ten years from 

planning to construction start, and a lot of ideas 

was supposed in the planning, and feeder buses 

was studied too, this method should track in 

Amman project. Chiba urban monorail suffered 

from some problems after starting like: 
1- Incompletion of loop line. 

2- Insufficient coordination with other public 

transportation modes including bus 

companies. 

3- Financial difficulties; delaying planning and 

management deadlock. 

The routes of Chiba monorail created by 

four stages; 
1-Route no. 1 starting work in 1988 with 8.1 

km 

2- Route no.2 starting work in 1991 with 4 

km. 

3- Route no. 3 starting work in 1995 with 1.6 

km. 

4- Route no. 4 starting work in 1998 with 1.1 

km. 

We can see that Chiba monorail was created by 

continuous steps. 

The vehicles of Chiba Monorail always secure 

and safety, it has evacuation chute, evacuation 

equipment, and wheel chair space, this 

technology should be consider in Amman 

project. 

Operation and maintenance center, any project 

should have these centers. 

Stations, Chiba urban monorail has 18 stations, 

the distance between every two stations is 

around 900m, the station allow the passengers a 

smooth and comfortable access to the monorail, 

these consideration should take to Amman 

Monorail. 

4.3 Differentiation from other transport 

systems 

Monorail systems have found shared 

applications in the transportation market in 

airport transfer and some medium capacity 

metro systems. To differentiate monorail 

systems from other transport modes, the 

Monorail Society further clarifies the definition 

of a monorail such that the beam in a monorail 

system is narrower than the vehicle. 

Similarities: 

Monorails are often but not exclusively 

elevated, sometimes leading to confusion with 

other elevated systems.  

Monorail vehicles are often at first glance 

similar to other light rail vehicles, and can be 

both manned and unmanned. Monorail vehicles 

can also be found in singular rigid format, 

articulated single units, or as multiple units 

coupled into 'trains'. In common with other 

advanced rapid transit systems, some monorails 

are driven by linear induction motor. In 

common with many dual rail systems, the 

vehicle bodies are connected to the beam via 

bogies, allowing curves to be negotiated. 

Differences: 

Unlike some trams and light rail systems, 

modern monorails are always partitioned from 

other traffic and pedestrians. Monorails are both 

guided and supported via interaction with the 

same single beam, in contrast to other guided 

systems such as Rubber-tyred metros; or guided 

buses or trams. 
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4.5 Advantages Of Monorail system: 

 The primary advantage of monorails 

over conventional rail systems is that 

they require minimal space, both 

horizontally and vertically. Monorail 

vehicles are wider than the beam, and 

monorail systems are commonly 

elevated, requiring only a minimal 

footprint for support pillars. 

 A monorail track is usually less 

expensive to build than a comparable 

elevated conventional rail line of equal 

capacity. 

 Due to a smaller footprint, they are seen 

as more attractive than conventional 

elevated rail lines and block only a 

minimal amount of sky. 

 Monorail is, by design, a grade-

separated system. They do not interfere 

with existing transport modes. 

 They are quieter, as modern monorails 

use rubber wheels on a concrete track 

(though some non-monorail subway 

systems, like certain lines of the Paris 

Metro and all of the Montreal metro and 

Mexico City metro, use the same 

technique and are equally quiet. 

 Unlike conventional rail systems, 

straddle monorails wrap around their 

track and are thus not physically capable 

of derailing, unless the track itself 

suffers a catastrophic failure. 

 Rubber-tired monorails are typically 

designed to cope with 6% grade. 

  However, rubber-tired conventional 

light rail or metro lines can cope with 

similar or even greater grades - for 

example, the Lausanne Metro has grades 

of up to 12% and the Montreal Metro up 

to 6.5% , while other systems can handle 

7% grades. 

 

4.6 Disadvantages of Monorail System: 

 Monorail vehicles are not compatible 

with any other type of rail infrastructure, 

which makes (for example) through 

services onto mainline tracks impossible. 

 In an emergency, passengers may not be 

able to immediately exit because an 

elevated monorail vehicle is high above 

ground and not all systems have 

emergency walkways. The passengers 

must sometimes wait until a rescue train, 

fire engine or a cherry picker comes to 

the rescue. Newer monorail systems 

resolve this by building emergency 

walkways alongside the entire track, at 

the expense of visual intrusion. This 

increases the size of the monorail 

system, thus decreasing two monorail 

advantages (small size and attractiveness 

due to that small size, as described 

above). Suspended monorail railways 

may use aircraft-style evacuation slides 

into the vehicles. Japanese systems use 

the next train to tow broken down trains 

to the next station, but this has yet to 

occur. 

 

4.7 Amman Monorail: 
According to previous, this project will be the 

solution of traffic congestion problems in 

Amman, because from the previous definition, 

monorail is the best choice of the determined 

street width, better than BRT, and cheaper than 

other new transportation system. 

 

In Amman, there is a narrow street, which 

always congested and has a small width, which 

is about 30m, this street cannot have BRT 

because BRT project will take about 8 m from 

the street, so maybe this project at that section 

will not work efficiently, and maybe the street 

after project will be more congested than before, 

so it would be a good idea for monorail because 

monorail project will take 3 m only for column 

construction, or maybe less than this number, 

and the length of this road is less than 2 km. 

 

GAM proposed in the master plan to construct a 

new transportation system in this road in 2025, 
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LRT system was chosen to be the system in this 

section, but after looking to Japanese 

experience, monorail is cheaper than LRT 

because they supposed LRT project should be 

underground in this section, and monorail is 

working efficiency in Japan specially in TAMA 

town and Chiba town. 

 

Monorail project should give a lot of advantages 

of Amman city, and the impact of the project 

should be positive, these advantages can be 

summarized by the following: 

1. This Project should encourage people to use 

public transportation and leave their cars in 

home, so the congestion should be less than 

before the project. 

2. If the congestion becomes less than before, 

the air pollution should become less too. 

3. As consider that Jordan is not a petroleum 

country, so the project will decrease depending 

on gasoline because cars in the street should 

become less than before. 

4. Promote private partnership relation with 

government. 

5. Reduce trip time. 

6. Reduce traffic accidents. 

 

So these advantages should be consider solving 

traffic congestion in Amman, and monorail will 

work on it. 

 

Therefore, we have done a preliminary design 

for the (Monorail) , in the same line of the 

proposed implementation of the (BRT) , And 

there will be an explanation about this design . 

 

 

5. Methodology 

 
5.1 Study Area Description :  
The propose phase plan related to part of phase 

one of Amman BRT, we took this phase because 

is suffer from high congestion and bottlenecks 

in many placements and high number for 

transportation system vehicles and users. 

 

The traffic area of that we have created the 

solution 

for is starting from    Al-Abdali area to Sweileh, 

 passing through Jamal Abdulnasser square, 

Sport 

 City Circle, Tunnel of Al-Sahafa (Queen Rania 

St.) 

, University of Jordan and Sweileh. 

this route extends (10.628 km) 

 

We took one critical section to find out what the 

extent of the effect happening on a public street  

, In order to determine the characteristics of the 

traffic flow (Traffic Volume and Vehicles speed 

) in addition of public transportation riders. the 

calculations of traffic flow adopted two theory : 

1- Four step model for transportation. 

2- Fundamental diagram of traffic flow. 

 

 vehicles were counted in (A.M) peak hour, we 

analyzed and studied the traffic flow of this 

section in this year 2012, using VISSIM 

software and by knowing of the growth factor of 

traffic volume, we made a projection for that 

data using the software of VISSUM and 

analyzed the same for the year of 2025 before 

and after construction of the monorail. 

 

The section under consideration is starting from 

Jamal Abdulnasser square, reaching to the Sport 

city Circle (which extends 1.844 Km  ) ,this 

segment starts from  point A to B as shown :  

 

 

 

 

 

 

 

 

 

 

 

 

 

 A 

B 

Sweileh 
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Section Properties: 
1) No. Of lanes: 3 of  (3.6 M) width lanes , in each 

direction  

2) Median: 2.5m  median  

3) No. Of pedestrian bridges: 1-pedestrian bridges  

4) No. Of access points: 3- access points , in each 

direction 

5) Land use : service area 

6) Traffic generator : this arterial street pass 

through central  Amman so it connect several 

significant  places (Al-Zarqa, North Amman, 

West Amman, East Amman and downtown) 

 

 

5.2 Data Collection: 

To collect  the necessary background to us, we 

met experts from the Greater Amman 

Municipality, who provide us with information 

and basic statistics that were very useful. 

 In addition, we conducted an interviews with 

people, that fill out a questionnaire, that 

attached at appendix (A) 

 

6. Analysis and Results 
6.1 As explained in Chapter 5, section 5.1; 

Which describes the approach that we worked 

on to analysis of traffic volume for the year 

2025, the results were explained as follows: 

6.1.1 The characteristics results of the traffic 

flow of the year of 2025 , before construction 

any system: 
 Forward Direction 

(From Abdalnasser 

sq. to Sport city 
circle) 

Backward Direction 

(From Sport city 

circle to Abdalnasser 
sq.) 

Traffic Volume 7555 7670 

Average Travel 

Time 

254.9 sec 262.3 sec 

Distance 1343 m 1343 m 

 Average Travel 

Speed 

18.97 Km/hr 18.42 Km/h 

LOS F F 

 
6.2 Calculations for BRT System: 
It is very important in this paper to design an 
operating system for the BRT, simulates the 
expected traffic volume in 2025, of which 
determine the frequency manner, and the 
total fleet size of BRT system. 

 
6.2.1 Headway and Frequency: 

It also describes to us earlier, the greatest 
volume of traffic was in Al-Abdali station, 
where the monorail carries 23,112 
passengers there, this volume of traffic is 
telling us what the appropriate  headway and 
frequency for the Monorail: 

 
                      

  
                                 

                         
 

                                                                                                     

 
     

   
                    Consider it = 178 Bus/hour 

 
And as it’s well known, Headway is a 
measurement of the distance/time between 
vehicles in a transit system. 
The precise definition varies depending on 
the application, but it is most commonly 
measured as the distance from the tip of one 
vehicle to the tip of the next one behind it 

       

  
          

         
                                                        

  
          

   
          

 we need to 178 vehicles per hour, i.e. One 
vehicles will pass every 33 second at each 
station in peak hour . 

 
6.2.2 Determine the size of the fleet:  
In order to ensure that the operating BRT 
system is accurate, with the previous headway 
and frequency, we need to find the appropriate 
fleet size for this system. 
The fleet size is the number of compounds that 
work together under the same owner. 
To determine the size of the fleet, we need to 
know the full cycle time for the journey, from 
the first station to the last one. 
The following table shows the travel time 
between each station: 
Max. speed: 90km/h and (Acceleration – 
deceleration): 0.75m/s2 

Link Travel Time Distance 
Sweilih – Al-
Dawriyyat 

102 sec 1.749 km 

Al-Dawriyyat – Uni. 
Of Jordan 

69 sec 0.943 km 

Uni. Of Jordan – Uni. 
Hospital 

95 sec 1.573 km 
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Uni. Hospital – 
AdDustour 

64 sec 0.836 km 

AdDustour – Sport 
City Circle 

114 sec 2.065 km 

Sport city Circle – J. 
Abdulnasser Sqr 

105 sec 1.844 Km 

J. Abdulnasser Sqr – 
The Islamic Hospital 

53 sec 0.55 km 

The Islamic Hospital 
– Al-Abdali 

74 sec 1.068 km 

Total 676 sec 10.628 km 

 
travel time included the acceleration and 
deceleration time for vehicles between stations 
. 
In addition to the total travel time of this, 
another time called "Dwelling Time", Which is 
the time it takes the passenger in Boarding or 
Alighting from the vehicle, in addition to the 
time of opening and closing doors. 
The dwelling time for =60 sec 
The opening and closing doors’ time equals to 
(10 seconds) ;5 seconds for each. 

The main total of all dwelling time (584 
sec) 
And we think this time will not be true, and we 
will need more time than that because of level 
of service is low. 
The total summation of these time is the time 
needed for one Bus to make one round trip.  
And this time will be (1260) seconds. [21min] 

So, the fleet size is determined by:                 
            

                       

       
 

                                                                              
            

                    

    
      

  we need to 140 vehicles for this 
transportation system. 
 
6.2.4 The characteristics results of the traffic 

flow of the year of 2025 , after construction of 

Amman BRT: 
 Forward Direction 

(From Abdalnasser 

sq. to Sport city 

circle) 

Backward Direction 

(From Sport city 

circle to Abdalnasser 

sq.) 

Traffic Volume 4442 3794 

Average Travel 

Time 

364 sec 382.5 sec 

Distance 1343 m 1343 m 

Average Travel 

Speed 

13.29 Km/hr 12.64 Km/hr 

LOS F F 

 
 

6.3 Calculations for monorail System: 
It is very important in this paper to design an 
operating system for the monorail, simulates 
the expected traffic volume in 2025, of which 
determine the frequency manner, and the 
total fleet size of monorail system. 
 
6.3.1Monorail Design:  

Monorail Specifications: 
we took some information about train from 
website of manufactory is called BOMBARDIER, 
and we took a Monorail component type 
(Innovia 300) Such as those establish now in 
Riyadh and Sao Paulo cities, we took train 
include 8 cars, each vehicle can accommodate 
for 89 passenger ,The clear length of this 
monorail is (97.5 m), that shown below, And 
the next figure include all information about 
train:  
6.3.2 Headway and Frequency: 
It also describes to us earlier, the greatest 
volume of traffic was in Al-Abdali station, 
where the monorail carries 23,112 
passengers there, this volume of traffic is 
telling us what the appropriate  headway and 
frequency for the Monorail. 

 
                      

  
                                 

                              
 

                         
     

   
                     

 

 Consider it = 33 monorail/hour 

 
And as it’s well known, Headway is a 
measurement of the distance/time between 
vehicles in a transit system. 
The precise definition varies depending on 
the application, but it is most commonly 
measured as the distance from the tip of one 
vehicle to the tip of the next one behind it. 
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So we need a Monorail component of 6 
vehicles, each vehicle can accommodate for 89 
passenger (total capacity = 712 passenger), and 
we need to 33 Monorail per hour, i.e. One 
Monorail will pass every 1.8 minutes at each 
station. 
6.3.3 Determine the size of the fleet:  
 In order to ensure that the operating 
monorail system is accurate, with the previous 
headway and frequency, we need to find the 
appropriate fleet size for this system. 
The fleet size is the number of compounds that 
work together under the same owner. 
To determine the size of the fleet, we need to 
know the full cycle time for the journey, from 
the first station to the last one. 
The following table shows the travel time 
between each station: 
Max. speed: 80km/h and (acceleration – 
deceleration): 1m/s2 

Link Travel Time Distance 
Sweilih – Al-
Dawriyyat 

99 sec 1.749 km 

Al-Dawriyyat – Uni. 
Of Jordan 

63 sec 0.943 km 

Uni. Of Jordan – Uni. 
Hospital 

91 sec 1.573 km 

Uni. Hospital – 
AdDustour 

58 sec 0.836 km 

AdDustour – Sport 
City Circle 

113 sec 2.065 km 

Sport city Circle – J. 
Abdulnasser Sqr 

102 sec 1.844 Km 

J. Abdulnasser Sqr – 
The Islamic Hospital  

45 sec 0.55 km 

The Islamic Hospital 
– Al-Abdali 

68 sec 1.068 km 

Total 639 sec 10.628 km 

Travel time included the acceleration and 
deceleration time for monorail between the 
stations . 

In addition to the total travel time of 
this, another time called "Dwelling Time", 
Which is the time it takes the passenger in 
Boarding or Alighting from the vehicle, in 
addition to the time of opening and closing 
doors. 

The dwelling time for =60 sec, The opening and 
closing doors’ time equals to (10 seconds) ;5 
seconds for each. The main total of all dwelling 
time (584 sec), The total summation of these 
time is the time needed for one monorail to 
make one round trip.  And this time will be 
(1223) seconds. [20 min].So, the fleet size is 
determined by: 

            
                       

       
 

            
                    

   
    

  we need to 23 Monorails for this 
transportation system. 
6.3.6 The characteristics results of the traffic 

flow of the year of 2025 , after construction of 

Amman Monorail: 
 Forward Direction 

(From Abdalnasser 
sq. to Sport city 

circle) 

Backward Direction 

(From Sport city 
circle to Abdalnasser 

sq.) 

Traffic Volume 6663 5690 

Average Travel 

Time 

242.6 sec 255.8 sec 

Distance 1343 m 1343 m 

Average Travel 

Speed 

19.94 Km/hr 18.92 Km/hr 

LOS F F 

 

 

7. The Social Impact 

In look to the social impact, we think that 

society look will be for Monorail system is 

better than the BRT system, because the idea of 

the train is a new idea in Jordan, Especially, in 

public transportation. 

In contrast to the idea of the bus, which suffer 

from significant problems  and are sometimes 

considered of moral pollution problems, 
Especially, in the recent period after the death of 

the young  girl her name (ward) in a bus by one 

of the workers on the bus. 

Since the idea of the train will be more civilized 

and sophisticated and will give the speed and 

comfort better than the bus, we think that will be 

there accept from the society for monorail idea, 

Unlike rejection acquired for BRT system. 

 

About the class that will leave own car and 

going to the public transport sector, we know 
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that in the beginning it will be a small number, 

But after the public transportation sector proves 

its strength and reliability, we think that the 

small number will increases. 

 

But some people, themselves prevents them 

from using public transport, and  they do not 

accept equality with the rest of humanity who 

are without their standard of living, so they don't 

waived their cars for personal use. 

 

                  8.    Discussion 
So referring back to the first word in the 

introduction “congestion”, it is the main reason 

for righting this research paper in order to find 

the appropriate solution to solve this problem, 

so we believe in the need for a separated mean 

of transportation on public roads, while keeping 

in mind that deducting any width from the way 

in many areas is not an option due to the narrow 

width and huge traffic volumes on those roads 

also the bottle necks problem in many roads in 

Amman , this actually will only increase our 

problem by increasing the traffic and the 

congestion on those roads , therefore on one 

hand ,deducting any width  from the public 

roads will make our problem even more 

complicated . 

On the other hand , the present and future 

volume of transportation sector’s users  is huge , 

Therefore , its surely has to be take into 

consideration  in the selection of the most 

appropriate alternative , When designing any  

transportation network, it must be able to 

withstand the expected number of users as 

required and convenient for the user. 

Those both sides are “primary” reasons, and 

other reasons shown  in tables ( comparative 

evaluation ) below, Give preference to Monorail 

and Light away on the BRT , because the 

Monorail has a greater person capacity than 

BRT . 

Comparative Evaluation of Monorail and 

BRT  
Measure of 

Effectiveness 

Monorail BRT Higher Rated 

System 

Availability Very Good Good Monorail 

Absolute Travel 

time 

Very Good Good Monorail 

Reliability Very Good Good Monorail 

Comfort Good Poor Monorail 

convenience Good Poor Monorail 

Safety and 

Security 

Good fair Monorail 

Area Coverage Very Good Very Poor Monorail 

Frequency Very Good Good Monorail 

Investment Cost Poor Good BRT 

Operating Cost Good fair Monorail 

Capacity Good Poor Monorail 

Passenger 

Attraction 

Very Good Good Monorail 

System Impact Very Good Good Monorail 

Environmental 

Impact 

Very Good Very Poor Monorail 

Durability Good Poor Monorail 

Efficient 

Transp

ort 

Future 

Good Poor Monorail 

 

 Looking at the design aspect of the Monorail, 

the capacity of the monorail can reach up to 

24000 at peak hour in Amman, after making 

some research we found some manufacturers of 

trains, that produces some types of trains with a 

speed of 80Km/h and person’s capacity up to 

48000pphpd, some of these manufacturers is a 

BOMBARDIER. This number compared to the 

BRT capacity is very large.  

Going back to traffic flow calculations we found 

that the traffic volume in forward direction is 

7555(veh/h) and the average travel speed is 

18.97(km/h),  after adding the BRT system the 

volume decreases to 4442(veh/h) with an 

average travel of 13.27(km/h), the explanation 

of those results  returns back to the area 

deducted from the public road ,and this of 

course will lead to increase the congestion, 

comparing those results to Monorail’s system’s 

results we find that traffic volume in forward 

direction is 6663(veh/h) with an average travel 

speed of 19.92(km/h), the decrease in traffic 

volume due to the fact that the number of 

private car’s users has decreased in order to use 

the Monorail system which caused the average 

travel speed to increase, and thus the traffic 

density on the street decreased which will 

reduce congestions, and so we will have a good 

public mean of transportation without affecting 

the movement of general traffic. 
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And let’s not forget that BRT system station , it 

has been found that it will very long because the 

headway for fleet size is little and we need 
length to accommodate of many buses at the 

same time , which means more area will be 

deducted from the original right of way which 

will cause bottle necks in so many areas , 

therefore it will increase congestions. 

  

 Financially speaking, all studies and researches 

confirmed that the BRT is less expensive 

because trains are more expensive, but results 

also confirms that Monorail is the best choice in 

many locations in Amman ,  

 

Concerning the structural and aesthetic side, we 

believe that the Monorail will give a beautiful 

picture and sophisticated shape for Amman, and 

structural process for Monorail will be easier 

compared to the subway and BRT. 

 

              9. Conclusion 
Amman city is suffers from high congestions 

and this congestions increase with the 

advancement of time, because that we started to 

find solutions to reduce problem and we found a 

good solution in transportation’s sector , the 

idea was created  separated system on public 

carriageway, the BRT system was proposed as a 

solution for this problem. 

But after searching in BRT system we found 

Incompatibility between the BRT system and 

The reality of Amman city from several sides, 

The most important sides the distance stolen 

from public roads , capacity , and Efficient 

Transport Future, these sides it will be Assistant 

largest in increase the congestions on roads and 

public transportation sector.  

Therefore, the spot light Headed towards the 

type of elevated trains is called Monorail, 

because monorail elevated on road this makes it 

suitable, in addition the capacity and speed and 

development for monorail is good for Amman 

city. That's what the results and discussion 

shows. but the financial side for BRT is better 

than Monorail, and this is what makes the 

government look for the BRT to be the best. 

 

We would like to advice the private sector to 

consider the Monorail system, because it is the 

real durable long term solution for Amman, 

Instead of putting all those temporary solutions 

which are not durable nor have the capability to 

last for a long time.  
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Abstract—In Egypt, California Bearing Ratio (CBR) is the major 

input parameter used to characterize the strength of the unbound 

materials and subgrade soils for pavement structural design. 

Despite its simplicity, the CBR test is tedious and laborious. 

Thus, this paper focuses on the development of a simple but 

reliable and rational regression model to predict the CBR of the 

unbound materials as a function of the index material properties. 

A historical database containing measured CBR values along 

with index material properties was collected from Mansoura 

University Highway Engineering Laboratory. The index 

properties in the database are gradation, liquid limit (LL), plastic 

limit (PL), material diameter at which 60 percent of the material 

is finer (D60), soil classification according to American 

Association of State Highway Transportation Officials 

(AASHTO), maximum dry density (MDD), and optimum 

moisture content (OMC). The database contained granular as 

well as fine-grained materials with CBR values in the range of 

10% to 95%. Analysis of the data showed that the CBR values 

are greatly influenced by percent passing No. 200 sieve and 

MDD. A simple model predicting the CBR as a function of these 

parameters was developed using optimization techniques. The 

goodness of fit statistics of the measured and predicted CBR 

values using the proposed model indicates a good prediction 

accuracy and minimal bias. 

Keywords-CBR; index properties; dry density; liquid limit; 

Proctor; soaked 

I.  INTRODUCTION  

California Bearing Ratio (CBR) is a measure of the relative 
resistance of the unbound granular base/subbase materials and 
subgrade soils to uniaxial penetration. In Essence, it is a 
relative measure of the strength (stiffness) of the unbound 
materials. The CBR can be measured either in the laboratory or 
in the field. This test was developed by the California Division 
of Highways around 1930s and was subsequently adopted by 
many countries around the world. In Egypt, CBR is the major 
input parameter used to characterize the strength of the 
unbound materials and subgrade soils for pavement structural 
design. Despite its simplicity, the CBR test is tedious and 
laborious. Thus, many studies have been conducted to estimate 
the CBR from the physical and compaction properties of the 
materials. The most important relationships found in the 
literature are the ones developed at Arizona State University 

and implemented in the AASHTOWare Pavement ME Design 
since its first release [1].  These relationships are as follows: 

For cohesionless materials: 

CBR = 28.091 (D60) 0.3581                     (1) 

For cohesive materials: 

)(728.01

75

wPI
CBR


            (2)    

wPI = P200 . PI          (3) 

Where D60=diameter at 60% passing from the grain size 
distribution, mm; wPI=weighted plasticity index; P200= 
percent passing No. 200 U.S. sieve, decimal; and PI = plasticity 
index, percentage.  

It should be noted that, these relationships are questionable 
because of the way they were developed. Only seven and 
eleven data points were used to establish Eqs (1) and (2), 
respectively. Moreover, the data points used for the 
development of these relationships were typical ranges and 
values of the CBR and Atterberg limits based on the material 
class either according to AASHTO or Unified systems soil 
classification systems rather than laboratory measured values.  

Many other correlations between CBR and index soil 
properties were found in the literature. Some of these 
correlations are summarized in TABLE 1. One can surmise from 
the data shown in the table that most of these models are for 
fine materials. Few models are for coarse materials. In 
addition, some of the cited models are based on very limited 
materials while others are based on a good number of 
materials.  

The correlations found in the literature are based on simple 
regression analysis between the CBR either soaked or 
unsoaked and the index soil characteristics and compaction 
properties such as liquid limit (LL), plastic limit (PL), 
maximum dry density (MDD), optimum moisture content 
(OMC), etc. Some recent correlations were based on the use of 
Artificial Neural Networks (ANNs) such as the ones given 
in [12], [13] and [14].    
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TABLE 1. SUMMARY OF THE LITERATURE MODELS CORRELATING CBR AND INDEX MATERIAL PROPERTIES 

 

Equation 
No. of 

Materials 
R2 Remarks Country Reference 

CBR = 28.09 (D60) 0.358 7 0.84 Coarse Grained Soils 

USA [1] 

)(728.01

75

wPI
CBR




 
11 0.67 Fine Grained Soils 

CBRu=17.009-0.0696(PI)-0.296(MDD) 

             +0.0648(OMC)  

12 

Error = 

-2.5% 

Fine Grained Soils 
South 

Gujarat, 

India 

[2] 

CBR=43.907-0.093(PI)-18.78(MDD) 

          -0.3081(OMC) 

Error = 

-2.5% 

CBR = 2- 16 log (OMC) + 0.07 L.L 48 N.A N.A India [3] 

MDD = 19.2 (CBRtop / OMC) 0.05 

 57 N.A Fine Grained Soils Malaysia [4] 

MDD = 18.5 (CBR bottom / OMC) 0.05 

CBR = 4.5 [(20-GI)/18]2 N.A N.A 
Fine grained, cohesive 

soils with CBR ≤ 20% 

Victoria, 

Australia 
[5] 

CBRu = 0.031(LL) + 83.19 

8 NA lateritic soil (A-2-4) 
Osogbo, 

Nigeria 
[6] 

CBRu = 0.8 (PL) + 65.31 

CBRu = 10.43 (SG) + 56.19 

CBRu = 8.66 (MMD) + 65.88 

CBR = 0.22 (LL) + 28.87 

CBR = 1.04 (PL) + 13.56 

CBR = 9.42 (SG)  + 10.91 

CBR = 50.28 (MMD) -70.22 

Mean CBR = - (0.25) LSP + 124 
N.A 

 
0.53 N.A N.A [7] 

Log10(CBR) = 0.29(GM) - 0.024( PI) +1.23 N.A N.A Base course material N.A [7] 

CBR=2.1 (eGM)–23Log [(LSP) (P425)0.7]+54 

 

0.69 

N.A 
South 

Africa 
[5] 

CBR=96.3–17.8Log[(LSP)(P425)0.7]–
28.7Log(P200) 

0.69 

CBR=97.7–17.1Log[(PI)(P425)0.5]–

30.7Log(P200) 
0.66 

CBR=119.6–33Log[(LL)0.7(P425)0.3]– 

33.2Log(P200) 
0.62 

CBR=80.5–32.3Log[LSP(P425)0.7] 0.59 

CBR=90– 47.4Log (P200) 0.59 
18.0

.
73.5















BlowsofNo

CBR
OMC

Top  

 

26 0.45 N.A Malaysia [8] 

CBR=0.064(F)+0.082(S)+0.033(G)- 0.069(LL) 
         +0.157(PL)-1.810(MDD)-0.061(OMC) 

25 0.92 Fine Grained Soils India [9] 

CBR= -0.889(WLM)+45.616 

        where, WLM= LL (1 – P425/100) 
N.A 0.979 Fine Grained Soils N.A [10] 

CBRu=(8.44-16.1PI)[Fi+488PI2-314PI+45] 
24 N.A 

Fine Grained Soils 

(Silty Clay) 
Sudan [11] 

CBR=(1.44-4.23PI)[Fs+264PI2-56PI-5] 
CBR = California Bearing Ratio (soaked), %; D60 = Diameter at 60% passing from grain size distribution, mm; wPI = Weighted 

Plasticity index; MDD=Maximum dry density; CBRtop=CBR values at top face of sample;  CBRbottom = CBR values at bottom face of 

sample;   OMC=Optimum Moisture Content; GI=group index; CBRu = unsoaked CBR;  LL = Liquid limit; PL = Plastic limit; PI=Plasticity 
index; SG = Specific gravity; LSP = Linear shrinkage P200 = passing No. 200 U.S. sieve, %; GM = grading modulus; P425 = passing 

sieve size 0.425 mm; F=Fines, %; S=Sand, %; G=Gravel, %; Fi=initial state factor; Fi=soaking state factor.  
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However the use of the literature models to predict the CBR for 
materials different from the original materials used to develop 
the model is risky and might lead biased estimates with 
significant errors. For example, Datta and Chottopadhyay [15] 
tried to use correlations given by Vinod and Cletus [16] and 
Patel and Desai [2] using soil properties reported by Roy, et 
al., [17] and found significant scatter and bias in the predicted 
CBR. Thus, before adopting any correlation calibration of the 
models based on local materials is essential. Otherwise a new 
model should be developed based on the actual data.  

II. OBJECTIVES 

This paper focuses on the development of a simple but reliable 
and rational regression model to predict the CBR of the unbound 
materials used for road construction projects in the Delta region in 
Egypt.    

III. DATA COLLECTION 

For the purpose of the study, a database including different 
materials used for pavement construction projects in the Delta 
region in Egypt was collected. The database was collected from 
technical reports prepared at Mansoura University Highway 
and Airport Engineering Laboratory during the period of 2009 
to 2013. The majority of the materials contained in the database 
are nonplastic cohesionless materials used as fill for road 
embankments as well as subbase and base courses. This 
historical database contains measured CBR values, under 
soaked condition, along with index material properties and 
compaction characteristics. The database contains the 
following: 

 Particle size distribution and D60. 

 Atterberg Limits (liquid limit: LL, plastic limit: PL, 

and plasticity index: PI). 

 Soil classification according to the AASHTO system. 

 Modified Proctor parameters (Maximum Dry Density 

MDD, and Optimum Moisture Content: OMC). 

 Soaked CBR values  

The descriptive statistics of the parameters contained in the 
database are summarized in TABLE 2.  

TABLE 2. Descriptive Statistics of the Database ParameteRS 

Parameter CBR 
MDD 

(t/m3) 

OMC 

(%) 

LL 

(%) 

P4 

(%) 

P200 

(%) 

D60 

(mm) 

Mean 36.39 1.85 10.51 23.94 87.31 1.96 0.77 

Median 30.00 1.82 11.00 24.00 96.30 0.80 0.90 

Mode 30.00 1.79 12.90 24.70 100.00 0.30 0.90 

Standard 

Deviation 
19.84 0.18 2.40 3.96 22.20 2.18 0.34 

Range 84.20 0.76 12.82 21.00 100.00 6.52 1.40 

Minimum 10.80 1.47 1.18 12.00 0.00 0.08 0.10 

Maximum 95.00 2.23 14.00 33.00 100.00 6.60 1.50 

No. of 

Data 

Points 

51 51 47 51 51 51 51 

The distribution of the soaked CBR values for the entire 
database is shwon by the histogram in Fig. 1. The figure 
indicates that the largest portion of the data has a CBR in the 
range of 25 to 45% which is suitable for embankment filling 
and subbase course layers according to the Egyptian 
specifications. 
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Figure 1. Histogram of California Bearing Ratio values in the database  

IV. MODEL DEVELOPMENT 

In order to develop a model correlating the soaked CBR 
with the soil index properties, the literature models were first 
tried with the collected database. However, results show very 
poor correlation and significant bias. Thus, the scatter diagrams 
of the soaked CBR and each of the index soil properties were 
drawn and presented in Fig. 2 through 6. Fig. 2 to 4 show 
relatively strong linear correlations between the CBR and 
MDD, P200 and P4, respectively. This is also indicated by the 
values of the determination coefficients (R2) which ranged 
between 0.345 and 0.548 as shown on the figures. On the other 
hand, Figures 5 and 6 show very high scatter and very poor 
correlation with D60 (R2 = 0.101) and LL (R2 = 0.025).  

A multiple regression modeling was then tried using the 
solver tool within Microsoft Excel and the goodness of fit 
statistics according to the conceptual criteria proposed by 
Pellinen, and shown in TABLE 3 was used to select the best 
model [18]. This criterion is based on the coefficient of 
determination (R2) and the standard error divided by the 
standard deviation of measured CBR values about the mean 
measured (Se/Sy). The R2 is simply the square of 
the correlation coefficient between the measured and predicted 
CBR. Higher R2 values indicate higher accuracy (less scatter). 
The Se/Sy is an indicator for the relative improvement in 
accuracy. Smaller Se/Sy values indicate better accuracy. These 
statistical parameters are calculated with respect to the line of 
equality which is a line with a slope of unity and intercept of 
zero. Eqs (4) through (7) were used to calculate the goodness 
of fit statistical parameters used to judge the model 
accuracy [18]: 
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Figure 2. Relationship between CBR and maximum dry density  

 

Figure 3. Relationship between CBR and percent passing No. 200 sieve 
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Figure 4. Relationship between CBR and percent passing No. 4 sieve 

 

Figure 5. Relationship between CBR and liquid limit 

y = -9.6872x + 43.807
R² = 0.0252

0

20

40

60

80

100

0 0.5 1 1.5 2

C
B

R
, 

%

D60, mm  

Figure 6. Relationship between CBR and diameter at 60 percent passing 

TABLE 3. CRITERIA FOR GOODNESS-OF-FIT STATISTICAL PARAMETERS [18] 

Criteria R2 Se/Sy 

Excellent  0.90 ≤0.35 

Good 0.70 – 0.89 0.36 – 0.55 

Fair 0.40 – 0.69 0.56 - 0.75 

Poor 0.20 – 0.39 0.76 – 0.89 

Very Poor ≤0.19  0.90 

 

 

pn

yŷ
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where Se=standard error of estimate; Sy=standard deviation; 

yi=measured value; 
iŷ =predicted value;

iy = average of yi,; 

n=number of data points; p=number of regression coefficients, 
R2=coefficient of determination; and R2

adj =adjusted coefficient 
of determination. 

A number of different models have been tried and the best 
goodness of fit statistics were found using the following model: 

   CBR= 0.025(P200)4+30.130(MDD)-25.813                  (8) 

Where CBR=soaked California Bearing Ratio, %; 
P200=passing No. 200 U.S. sieve, %; MDD= maximum dry 
density according to modified Proctor method, (t/m3). 

This model have an R2 of 0.785, R2
adj of 0.776, and Se/Sy of 

0.463. Comparison between laboratory measured and predicted 
soaked CBR using the proposed model is shown in Fig. 7 along 
with the line of equality and the goodness of fit statistics. The 
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figure and the goodness of fit statistics show good estimates of 
the soaked CBR.  
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Figure 7. Laboratory measured and predicted soaked CBR using the proposed 
model 

To evaluate the adequacy of the proposed model, an 
analysis of variance (ANOVA) was performed on the 
regression results. This analysis was conducted with the null 
hypothesis is that the CBR is not related to the P200 and MDD 
and the alternate hypothesis is that the CBR is related to both 
variables. The results of the ANOVA test are summarized in 
Table 4. 

TABLE 4. ANOVA RESULTS  

  df SS MS F P-value 

Regression 2 15624.29 7812.144 92.39217 3.49E-17 

Residual 48 4058.601 84.55418 
  

Total 50 19682.89 
   

df = degrees of freedom; SS=sum of squares; MS=mean square; F = F statistic. 

Since the P-value is 3.49E-17, which is much less than the 
significance value of 0.05, the null hypothesis is rejected. In 
other words, there is a relation between the CBR and the 
variables proposed in the model.  

V. SUMMARY AND CONCLUSIONS 

A historical database containing measured CBR values 
along with index material properties was collected from 
technical reports prepared at Mansoura University Highway 
Engineering Laboratory. The index properties in the database 
are gradation, LL, PL, PI, D60, AASHTO soil class, Modified 
Proctor MDD, and OMC. Analysis of the data showed that the 
CBR values are greatly influenced by percent passing No. 200 
U.S. sieve and MDD. No strong correlation was evident 
between the CBR and the index properties in the database. A 
simple but reliable and relatively accurate regression model 
predicting the CBR as a function of these parameters was 
developed using optimization techniques. The goodness of fit 
statistics of the measured and predicted CBR values using the 
proposed model indicates a good prediction accuracy and 
minimal bias (R2 of 0.785, R2

adj of 0.776, and Se/Sy 0.463). 
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__________________________________________________________________________________________________________________________________ 

Abstract: Wire wool is the name given to fine metal wire that are bundled together to form a cluster of abrasive, sharp-edged metal 

strips. The metal strips are massed together in a sheet, folded, and turned into pads that are easily held in the hand. These wire wool pads 

are used for a variety of purposes, but primarily for their ability to clean and cut through grease and grime. This investigation was 

conducted to make use of the wire wool in the modification of local asphalt mixes. The modification efficiency will be evaluated by the 

improvement in the performance of prepared asphalt concrete mixes. Wire wool material is available at local market for cleaning dishes 

and can be brought from local steel manufactures in Jordan. Wire wool was cut into small pieces so that it can be placed in the asphalt 

mixes. Different percentages of wire wool were added to the asphalt mixes (0.0%, 0.25% and 0.5%) of the total weight of the asphalt 

binder). Modification effectiveness was characterized using the Marshall Stability, indirect tensile strength, dynamic creep, fatigue, and 

rutting tests. Test results proved that the addition of wire wool increased the tensile strength of the asphalt concrete mixes.  However, 

rutting increased due to increasing percentage of wire wool. Therefore, mixes containing wire wool can be used in areas where rutting is 

not the expected predominant distress type. 
__________________________________________________________________________________________________________________________________ 
Introduction: 

                                                                                   
The Hashemite Kingdom of Jordan has invested considerable 
amount of funding in road construction over the past 25 years. 
Roads, which have been built according to international 
standards, have shown early signs of distresses due to the harsh 
environmental conditions and traffic loading. Local asphalt 
pavement temperatures range between −10°C in the winter to 
55ºC in the summer. This wide range of temperature created a 
need to improve the performance of the asphalt concrete mixes 
to minimize stress cracking that occurs at low temperatures, and 
permanent deformation that occurs at high temperatures. Daily 
and seasonal temperature variations in addition to the growing 
truck traffic volume, tire pressure and traffic loading have 
increased stresses on asphalt pavements. This has increased the 
demand to modify asphalt mixes. Different methods have been 
utilized to upgrade the properties of asphalt mixes. One of the 
most commonly used procedures is modification by additives. 
Many authors have studied the effects of additives on the 
behavior HMA. 
Anderton (1991) has listed the following factors, which have 
led to increasing interest in asphalt modification: 
1. The growing amount of traffic related distresses resulting 
from escalating traffic demands on all types of asphalt 
pavements. Higher volumes of traffic, heavier loads, and 
increasing tire pressures are characteristics of these traffic-
related distresses. 
2. The increase in the cost of asphalt binders and the trend in 
refineries of producing lighter fuels on the account of asphalt 
production. 
3. Growing economic pressures that lead to thinner pavements 
and differed maintenance. 
4. Excess supplies of industrial by-products and waste 
materials. This promotes the idea of converting them into 
asphalt modifiers. 
5. Continued low-temperature thermal cracking and high 
temperature deformation distresses. 
__________________________________________________ 
1(Corresponding author): General Manager of Arab Center 
for Engineering Studies, P.O. Box 5504, Amman, 11183, 
Jordan. E-mail:  iasi@aces-int.com 
 

Although the original idea of using asphalt modifiers was to get 
rid of waste materials, the trend is to produce high-tech 
modifiers to obtain specific improvements in asphalt binders 
(Terrel and Epps 1989). Modifiers have been used in asphalt 
binders to design against or to repair pavements from the 
following distresses: surface defects (raveling and stripping), 
structural defects (rutting, shoving, and distortion), and 
cracking (fatigue and thermal). 
Terrel and Epps (1989) suggested that modified asphalt– 
aggregate mixture should achieve the following requirements: 
1. Higher stiffness at high temperature to resist rutting and 
shoving. 
2. Lower stiffness at low temperature conditions to reduce 
thermal cracking. 
3. Lower stiffness at very high temperatures (mixing and 
compaction temperatures) to expedite pumping of the asphalt 
binder and mixing and compaction of the asphalt mixture. 
4. Increase adhesion between the binder and the aggregate to 
resist stripping. 
Wire wool as a by-product of Steel manufacturing is known to 
possess some reinforcing characteristics. The study about using 
wire wool indicated that wire wool decreases the cracks by 
increasing the tensile strength of the asphalt concrete mixes, in 
spite of the fact that wire wool increases the required optimum 
asphalt content because of the increased surface area.  
 
 
Objective: 
Since the wire wool is available at local markets or can be 
brought from local steel manufactures, this investigation was 
undertaken to evaluate the performance of wire wool modified 
asphalt mixes through laboratories evaluation, and to find the 
optimum percentage of the wire wool that should be added and 
the required optimum asphalt content.  
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Experimental Program 
 
A schematic representation of the experimental program 
conducted in this investigation is shown in Fig 1. The work was 
divided into four phases. Phase I included collection and 
characterization of aggregate, asphalt and preparing of wire 
wool with the required size. Asphalt samples were collected 
from the asphalt cement-producing refinery in Jordan. Physical 
evaluation of the collected asphalt samples was conducted and 
is shown in Table 1. The aggregate selected for the laboratory 
work was crushed limestone which was obtained from Amman 
vicinity, Jordan. The selected aggregate gradation was in 
accordance with the Jordanian Ministry of Public Works and 
Housing (MPWH) recommended gradation for heavy traffic 
wearing course (Fig. 2). The wire wool used in this research 
can withstand up to 170ºC. It was cut into small pieces of 
length equal to maximum size of aggregate (3/4 inch) so that it 
can be placed in the asphalt mixes. The analysis of the wire 
wool used in this experiment is presented in Table 2. 
 

 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Flow chart of the experimental program 
 

 
In Phase II, Marshall Mix design procedure (ASTM D1559), 
currently followed procedure in Jordan for asphalt concrete mix 
design using 4 inch samples was used to determine the 
optimum asphalt content for the three wire wool replacement 
ratio’s, i.e., 0%, 0.25% and 0.5%. Optimum asphalt content 
(OAC) was selected to produce 4% air voids. Obtained OAC’s 
were 5.13%, 5.41% and 5.69% AC of total mix weight for the 
three wire wool replacement ratios 5.13%, 5.41% and 5.69%, 
respectively. The increase in the OAC with the increase of wire 
wall content is due to the increase of aggregate and additive 
surface area.  
At the obtained OAC’s, Marshall Stability, flow, voids filled 
with asphalt, and voids in mineral aggregate values were 
checked to verify that they are within the specification limits of 
MPWH for heavy traffic loads wearing course. Using the 
obtained OAC’s, 36 asphalt concrete samples from each of the 
replacement ratios were prepared. 
In Phase III, effectiveness of modification was judged by 
improvement in Marshall Stability, indirect tensile strength, 
rutting, fatigue and creep of the prepared samples. 
 
Table 1. Physical Properties of the Used Asphalt Cement  

 

 
Fig.  2. Jordanian  Ministry of Public Works and Housing 
specified gradation limits and used gradation 

  AASHTO specifications for 60/70 
penetration asphalt 

Property Value Minimum Maximum 
Penetration (0.1 mm) 66 60 70 

Flash point (ºC) 320 232 - 
Ductility at 25ºC (cm) 134 100 - 

Specific gravity at 
25ºC 

1.032 1.01 1.06 

Softening point (ºC) 53 48 56 

Penetration of residue 
(% of original) 

66 54 - 

Weight loss on 
heating (%) 

.58  0.8 
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Phase IV focused on selecting the optimum percentage of wire 
wool content. 
 
Results and Discussion 
 
Classification tests were performed on the asphalt cement 
that was used in the study. Results of the performed tests, as 
indicated in Table 1, show that the used asphalt can be 
graded as 60/70 penetration asphalt according to AASHTO 
M 20 specifications. Several types of wire wool were 
evaluated to choose the best one that can withstand high 
temperatures and can be mixed properly to minimize the 
formation of lumps in the asphalt mix. Properties of the 
selected wire wool are shown in Table 2. 
 
Table 2. Physical analysis of the Wire wool used 
Property Value 

Material Stainless steel 

Color Gray 

Length  ¾ inch (maximum size of 
aggregate) 

Thickness 0.0046mm 

Width 0.438mm 

 
 
Marshall Stability Test Results (ASTM D1559) 
 
From each wire wool percentage, six samples were placed in 
the water bath at 60°C. After 30 min immersion in the water 
bath, three samples from each set were tested for Marshall 
Stability. The other three samples, from each group, were 
tested for Marshall Stability after 24 h immersion in the 

water bath. Table 3 shows results for the tested samples. 
From this table, it can be seen that the samples with 0% wire 
wool, after 30 min immersion in water bath, have the highest 
Marshall Stability value, followed by the 0.25%, and 0.5%, 
wire wool. However, as can be noticed from the obtained 
results, the difference between the Marshall Stability values 
was not notably high. In general, Marshall Stability may not 
be a good discriminator test. 
 
Table 3 also shows that the average loss in Marshall 
Stability decreased when the wire wool percentage increased 
in the mix. The value of average loss in Marshall Stability 
after adding wire wool at 0.5% decreased by 16.65% 
compared to the control mix, and for the 0.25% wire wool it 
decreased by 7.72% compared to the control mix, this might 
be attributed to the extra added amount of asphalt cement 
due to the addition of the wire wool.  
 
 
Water Sensitivity Test 
(ASTM D 4867-09) 
 
The improvement in stripping resistance (water 
susceptibility) of the asphalt concrete mixes due to the 
addition of the wire wool was evaluated by the decrease in 
the loss of the indirect tensile strength (ITS) after immersion 
in water for 24 h at 60°C, according to ASTM D 4867-09 
test procedure. The obtained results, shown in Table 4, 
indicate that the average loss in strength due to water 
damage is reduced by the increase in the quantity of the wire 
wool. The highest improvement in the ITS loss value was 
15.8% which was for the mixes with 0.5% addition of the 
wire wool. Therefore, addition of wire wool has reduced the 
loss of Indirect Tensile Strength which can be mainly 
attributed to the increase in the amount of asphalt content 
and presence of wire wool wires. 
 

  
 

 
 
 
 
 
 

 Marshall stability after 30 min immersion (KN) Marshall stability after 24h immersion (KN) Average loss in 
marshal 
stability (%) % wire wool Sample  No. Stability Average Sample  No. Stability Average 

0% 1 11.2 

11.93 

10 9.8 

9.83 17.90% 
2 15.1 11 9.7 

3 9.5 12 10.0 

0.25% 4 10.0 

9.47 

13 21.0 

16.90 10.18% 
5 10.5 14 16.5 

6 7.9 15 13.2 

0.5% 7 7.5 

8.00 

16 7.1 

7.90 1.25% 
8 7.5 17 8.2 

9 9.0 18 8.4 

Table3. Effect of wire wool addition on the Marshall stability 
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Table 4. Effect of wire wool addition on the indirect tensile strength (ITS) 
 

Average loss in 
ITS (%)  

ITS –after conditioning (KPa) 
Sample No.            ITS value            Average 

ITS- non conditioned (KPa) 
Sample No.            ITS value            Average % wire wool 

  722.3 10  1171.9 1  
24.3 866.0 877.0 11 1143.4 1141.9 2 0.0% 

  998.9 12  1116.4 3  
  785.9 13  1088.8 4  

19.7 841.3 844.9 14 1047.2 991.7 5 0.25% 
  893.2 15  1061.1 6  
  827.9 16  1035.7 7  

15.9 846.1 923.0 17 1005.7 975.8 8 0.50% 
  787.5 18  1005.7 9  

 
 
Dynamic Creep Test 
 
The dynamic creep test is a test that applies a repeated pulsed 
uniaxial stress on an asphalt specimen and measures the 
resulting deformations in the same direction using linear 
variable differential transducers (LVDTs). The test was 
performed in accordance with the protocol developed by 
NCHRP 9-19 SUPERPAVE Models, Draft Test Method W2 
(Witczak et al. 2001). The applied stress on the specimen was a 
feed back haversine pulse. The pulse width duration was 100 
ms, and the rest period before the application of the next pulse 
was 900 ms. the deviator stress during each loading pulse was 
207 kPa, and the contact stress that was applied so that the 
vertical loading shaft does not lift off the test specimen during 
the rest period was 9 kPa. The test was performed at 25°C. The 
specimen’s skin and core temperatures during the test were 
monitored by two thermocouples that were inserted in a dummy 
specimen and located near the specimen under test. 
 
The testing was continued until the maximum axial strain limit 
reached 10,000 microstrains, or until 10,000 cycles, whichever 
occurred first. Three samples (100×70 mm at 4% air void) from 
each wire wool percentage were tested and the values of the 
accumulated permanent and resilient strains at failure, 
accumulated strain slope at failure, resilient modulus, creep 
stiffness, permanent and resilient deformations were recorded 
in Table 5. 
 
Table .5 Effect of adding wire wool on the creep properties of the mix 

Property Wire Wool Percentage 
0.0% 0.25% 0.50% 

Core temperature (ºC) 23.38 23.68 24.05 
Contact stress (KPa) 9 9 9 
Deviator stress (KPa) 207 207 207 
Dynamic load (KN) 1.641 1.506 1.594 
Permanent deformation (mm) 0.445 0.844 0.151 
Resilience deformation (mm) 0.031 0.0354 0.044 
Accumulated strain (%) 0.445 0.844 0.151 
Resilient strain (%) 0.031 0.036 0.044 
Resilient modulus (MPa) 1051.99 559.183 465.708 
Creep modulus (MPa) 41.68 23.665 135.411 
 
Fig. 3 shows the relationship between the number of cycles and 
the axial accumulated permanent deformation for the three 
tested groups 0.0%, 0.25% and 0.5% wire wool. It can be   
noticed that 0.5% wire wool mix showed the best performance 
over the other mixes, followed by 0.0 % and 0.25% wire wool, 
respectively. Therefore, due to wire wool bonding properties, it 
has improved the creep resistance of the asphalt concrete mixes. 
In spite of that, 0.25 % wire wool reduced the amount of 
improvement of the creep resistance compared to the control 
mix, because during testing, it was noticed that lumps of wire 
wool are formed in the samples due to improper mixing, so 
wire wool was not distributed evenly in sample.  
 

 

 
Fig.3 comparison of creep behavior of the different mixes 
 
 
Fatigue Performance 
 
Samples from all the mixes were tested diametrally under 
repeated pulsed uniaxial loading to determine the number of 
loading cycles required to fail the sample. To have a wide 
range of failure cycles, test samples were tested at different 
initial tensile strain levels. At least nine samples from each 
mix (three at each initial tensile strain level) were tested at 
25°C. Fig. 5 shows the results of these tests. In this figure, 
regression lines were drawn through the mean of samples at 
each strain level.  
 
The results show a normal linear relationship between the 
logarithm of applied initial tensile strain and the logarithm 
of fatigue life (number of applied load repetitions until 
failure) which are shown in Fig 5. Analysis of the obtained 
fatigue results shows significant improvement in fatigue life 
of the mixes with 0.5% addition of wire wool, followed by 
the 0.25%, and 0% wire wool, respectively. Therefore, wire 
wool, due to its bonding properties, has improved the fatigue 
properties of the asphalt concrete mixes 
 
 
Permanent Deformation: 
 
Using two vertical LVDTs, the vertical permanent 
deformation was simultaneously recorded while running the 
fatigue tests. Results of the tests are presented in Fig. 6. The 
three stages that the asphalt concrete passes through in 
rutting testing (densification, steady state and failure) clearly 
appear in Fig. 6.  
 
In comparing the performance of the different mixes (Fig. 
6), the trend is opposite to that of fatigue, i.e., the best 
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performance was for the control mix with 0% wire wool, 
followed by the 0.25% and 0.5% wire wool, respectively.  
 

 
Fig.5 Comparison of fatigue behavior of the different mixes   
 
Therefore, the reasons behind this behavior is that increasing 
wire wool increased required asphalt content that decreased 
the air voids leading to increase in rutting potential. 
 

 
Fig.6 Comparison of permanent deformation behavior of the 
different mixes at 25°C  
 
 
Concluding Remarks 
 
This paper presents a comparative study between the 
currently used hot asphalt mixes in Jordan and those mixes 
with an addition of wire wool at different percentage. 
Measurement of Marshall Stability, loss of Marshall 
Stability, water sensitivity, dynamic creep, rutting and 
fatigue tests were conducted, compared and analyzed. Based 
on the performed tests, the following conclusions can be 
drawn: 
 
1. The mix containing wire wool showed less reduction in 
both loss in stability and loss in indirect tensile strength 

compared to the control mix. This improvement was 
proportional to the added wire wool percentage. 
 
2. The study revealed that mixtures containing wire wool 
may have longer fatigue life than the control mix, 
 
3. Rutting increased due to increasing percentage of wire 
wool. Therefore, mixes containing wire wool can be used in 
areas where rutting is not the expected predominant distress 
type. 
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Abstract 

Increasing of traffic volume and tire pressure raise the question whether it is still possible to build a pavement structure in heavy 
traffic area with conventional bitumen. The conventional bitumen has a limited capacity under wide range of loads and temperature which 
occur over the life of a pavement. Therefore, conventional bitumen needs to be modified to face the heavy loads and weather change. 
Number of materials used to improve the properties of bitumen and asphalt properties such as polymers and rubber. And with the 
considerable increase demand to get better properties of asphalt concrete mixtures nano scale material ware used  as asphalt modifier. One 
of the most important properties of nano scale material is Surface to volume ratio. The conventional bitumen used in this research was AC 
(60/70) penetration grade, modified with nano-hydrated lime (nHL) at five different modification levels namely 5%, 10%, 13% 17%, and 
20% by weight of the bitumen. Morphology and structural of the prepared materials were investigated by The optimum modification level 
was determined by using spectroscopic techniques such as Transmission electron microscope (TEM) and Scan electron microscope 
(SEM).. Indirect tensile strength test and Compressive Strength were carried out to characterize the properties modified and unmodified 
asphalt concrete mixtures. Based on the results, it was found that the physical properties of nano-hydrated lime (nHL) modified bitumen 
enhanced successfully specially with 17% nano-hydrated lime (nHL). Using nano-hydrated lime (nHL) increase with small different rate 
the tensile strength and increases with more than two times the compressive strength for all asphaltic mixtures. 
 

Keywords: Modified bitumen, Tensile strength, nano-hydrated lime. 

1.  INTRODUCTION  
Bitumen is refined from crude oil and has to meet 

certain specifications for paving, industrial and other 
purposes (D. C. Thompson, 1979). It is visco-elastic 
materials, where temperature and rate of load application 
have a grate influence on their performance. The 
viscoelastic behaviour of asphalt leads to pavement 
distress. At high temperatures under traffic loading 
asphalt is not able to maintain the original shape of the 
pavement, which leads to permanent deformation, known 
as rutting. At low temperatures asphalt gets brittle and 
tends to crack because the stiffer structure is not able to 
relax the internal stresses from the traffic load. The 
conventional bitumen lacks the proper of visco-elastic 
balance with the increase of the traffic volume. 
Conventional bitumen has a limited capacity under wide 
range of loads and temperature, which occur over the life 
of a pavement (R. S. Winnifold, 1967). Therefore, binders 
are modified to face the load and weather Challenges. 
Modified bitumen can bring real advantage to the field of 
highway construction, by improving pavement 
performance as well as extent the pavement life (Roberts 
et al. 1996; Bahia et al. 1995). Nowadays using nano- 
materials in the filed of highway construction is extremely 
popular today. In this research the fundamental properties 
of bitumen and mechanical properties of asphalt concrete 
mixtures were done.  

2.  MATERIALS AND METHODS 
All materials used in this work include aggregate, 

sand, mineral filler; bituminous material and nano- size 

hydrated lime (nHL) were used without further 
purifications. The bitumen used in this study was 60/70 
penetration grade obtained from Suez Refinery Company. 
Nano-size nano-hydrated lime (nHL) was prepared by 
heating the raw material in oven at 300 0C for 24 hours. 
Then the material was grained in ball milling machine for 
5 hours.  The following blending sequence was used to 
modify bitumen materials with nano- size hydrated lime 
(nHL) (A.S. Lobach, 2008). The unmodified bitumen was 
heated in an oven at a temperature of at least 160 oC and 
five different modification levels namely 5%, 10%, 13% 
17%, and 20% by weight of the bitumen ware added to 
the unmodified bitumen. Low shear mixer was used to 
prepare homogenize mixtures. Asphalt concrete mixtures 
were prepared for modified and unmodified asphalt 
concrete mixtures using Marshall mix design method. 

 
Mixing the unmodified bitumen with 20% nano- size 

hydrated lime (nHL) inhomogeneous mixture. 
Morphology and structural of the prepared materials were 
investigated by transmission electron microscopy (TEM, 
JEOL JEM-1230 with accelerating voltage of 120 kV) 
with EDX detector unit attached to the system. The 
asphalt cement used in preparing asphalt concrete 
mixtures was 60/70 penetration grade obtained from Suez 
refinery. The properties of the asphalt binder 60/70 
penetration grade including penetration, kinematics 
viscosity, ring and ball softening point, specific gravity 
and flash point are shown in Table (1). 
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Table (1) Properties of bitumen (60 / 70) 

Test Results  Specifications  
Penetration at 25 oC. 67 60-70 
Kinematics Viscosity 
(centistokes at 135 oC) 

280 320 

Ring and Ball softening 
point  

51.5 oC 45-55 

Specific gravity 1.03 1-1.1 
Flash point  245 oC 250 

 

3.  RESULTS AND DISCUSSION 

3.1 MODIFIED AND BITUMEN  
The morphology of nano- size hydrated lime 

(nHL) powder was analyzed using transmission electron 
microscope (TEM). Figure 1 shows that the nano- size 
hydrated lime (nHL)  nanorods structure and the 
diameters of the nano- size hydrated lime nanorods was in 
the range of 30 - 40 nm and the length can be as long as 
0.6 µm. While bitumen raw material was viscoelastic and 
homogenize material.   

The structure morphology of the resulting 
mixture depends on bitumen/ nano- size hydrated lime 
ratio (Yildirim Y, 2007). The modified bitumen with 
nano- size hydrated lime at 17% form homogenous 
material as well as made strong reinforcing network 
structure and. But using more that 17% nano- size 
hydrated lime made homogenous mixtures with bubbles 
and gaps (Figures 2-5).   

 

 
Fig. 1: TEM image of nano- size hydrated lime powder. 

 
 
 
 
 
 
 
 
 

Fig. 2: SEM micrograph of bitumen modified 
with 5% nano- size hydrated lime. 

 

 
 
Fig. 3: SEM micrograph of bitumen modified 
with 10% nano- size hydrated lime. 

 

Fig. 4: SEM micrograph of bitumen modified 
with 13% nano- size hydrated lime 

 

 
 

Fig. 5: SEM micrograph of bitumen modified 
with 17% nano- size hydrated lime. 

 
From the present figures by increase the modification 
level the network between bitumen and nano-size 
hydrated lime increase until specific limit (Alexander M, 
2000). Adding more from the nano powder to the 
unmodified bitumen gives hard mixtures that can not be 
easy to use for preparing asphalt concrete mixtures (Ray 
SS, 2003).   

3.2 MODIFIED ASPHALT CONCRETE MIXTURES. 

3.2.1 INDIRECT TENSILE STRENGTH TEST RESULT 
After preparing the modified asphalt concrete 

mixtures (Roberts, F.L.1996) two type of testes was 
investigated to characterize the properties of modified and 
unmodified asphalt concrete mixtures. The first test was 
indirect tensile strength using the following equation: 

ITS = 2Pmax/ (dh)                   (1)   
  

Where:- 
Pmax represents the breaking load (N) of the specimens 
under diametric compression and d and h are average 
values of the diameter (mm) and height (m) of the 
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Marshall specimens, respectively (Anderson, R.M, 2003). 
Values of load at failure and indirect tensile strength for 
modified and unmodified asphalt concrete mixtures are 
calculated based on Equation (1). Figure (6) presents the 
result of indirect tensile strength for both modified and 
unmodified mixtures. It can be seen that the unmodified 
specimens had the lowest value of indirect tensile 
strength, while (nHL) modified asphalt concrete mixtures 
has the highest value of indirect tensile strength at  
From figure (6) adding nano- size hydrated lime to the 
unmodified bitumen increase the tensile strength for 
asphalt concrete mixtures with small rate.  
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 Fig. 6: Indirect tensile test result for modified and 
unmodified asphalt concrete mixtures. 

                                                                                                                                             

3.2.2 Compressive Strength Test Result 
 
The second test to evaluate modified and unmodified 
mixtures was compressive strength. 

D
P

c 2
max4

 
                                       

Where σc is the unconfined compressive strength, Pmax 
is the maximum applied compressive load, and D is the 
specimen diameter. 
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Fig. 7: compressive strength for modified and  

unmodified asphalt concrete mixtures. 
 
 
  

Figure (7) shows higher increase of compressive strength 
by increase the modification level that means high 
resistance for rutting (Anderson, R.M, 2003). The 
modification level with 17% nano-size hydrated lime 
shows more than two time of compressive strength.   

4.  Conclusion 
Based on test result and corresponding detailed 

analysis concerning the behavior of modified and 
unmodified asphalt concrete mixtures, the following 
conclusion are obtained. This work has shown the 
potential use of nano-size hydrated lime as modifier for 
bitumen. The results showed significant improvement the 
mechanical properties of modified asphalt concrete 
mixtures. Adding nano-size hydrated lime improves the 
tensile strength with small rate but the compressive 
strength of bitumen was increased more than two times 
this increasing lead to improve resistance to rutting. From 
the results of various test using nano-size hydrated lime 
can improve road mechanical properties, including rutting 
resistance and enhance bitumen performance to resist 
high traffic loads.  
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ABSTRACT 
 
The construction of highways and concrete structures consumes millions of tons of 
aggregates. Since earth is the source of the aggregates (either natural or crushed), then 
obtaining these amounts would have an adverse effect on the environment. Furthermore, 
demolishing concrete structures and dumping the concrete rubbles would aggravate the 
problem. Therefore, it becomes necessary to recycle the crushed concrete and use it as coarse 
aggregate in new roads.  
 
This investigation aims at evaluating the effect of using recycled aggregates concrete (RCA) 
on the basic properties of hot mix asphalt. First, recycled aggregate properties have been 
determined and compared to those of normal aggregates. Except for absorption, there were no 
significant differences between normal aggregate and RCA. Later, recycled aggregates were 
introduced in asphalt mixes. In these mixes, natural coarse aggregate was partly replaced by 
recycled aggregates. Results showed that the use of recycled aggregates, generally, increases 
the optimum bitumen content of the asphalt mixes. However, replacements up to 25% of the 
weight of normal aggregates did not have a remarkable effect on the binder content and 
therefore can be safely and economically used.  
 
Keywords: Hot Mix Asphalt; Marshal Test; Concrete Recycling; Recycled Aggregate  

 

1. INTRODUCTION   
The average world production of concrete in the rapid developing industrialized world is 
about 6 billion tons per year (1) which has an adverse impact on the environment. Since earth 
is the source of the aggregates (either natural or crushed), then obtaining these amounts 
would have an adverse effect on the environment. Furthermore, demolishing concrete 
structures and dumping the concrete rubbles would aggravate the problem. Therefore, 
recycling construction material plays an important role to preserve the natural resources and 
helps to promote sustainable development in the protection of natural resources; thus reduces 
the disposal of demolition waste from old concrete (2). Hence, recycling concrete wastes 
becomes important in getting rid of the demolished concrete, which accumulates with time. 
For example, the amounts of demolished buildings in Europe amount to around 180 million 
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tons per year (3). Old concrete and masonry that have “reached the end of the road” can be 
recycled and used for a number of other applications in construction including roads and 
concrete (4).  
 
Since 1982, ASTM definition of coarse aggregate has included crushed hydraulic cement 
concrete, and the definition of manufactured sand includes crushed concrete fines (4). 
Similarly, the U.S. Army Corps of Engineers and the Federal Highway Administration 
encourage the use of recycled concrete as aggregate in their specifications and guides (5). 
Several references (3-12) have presented literature survey and research results in the field of 
the use of recycled aggregate, concrete and masonry and their effect on maintaining the 
environment. Based on these references, the advantages of using recycled aggregate in 
concrete can be summarized in the following four categories: 
 

1. Environmental considerations.  
Portland cement concrete in general has the following environmental advantages: 
(1) it is resource efficient-minimizing depletion of the natural resources; (2) it is 
inert, making it an ideal medium in which to recycle waste or industrial 
byproducts; (3) it is energy efficient, it is superior to wood and steel; (4) it is 
durable, continuing to gain strength with time; and (5) it is recyclable, fresh 
concrete is used on an as-needed basis (whatever is left over can be reused or 
reclaimed as aggregate), and old hardened concrete can be recycled and used as 
aggregate in new concrete or as fill and pavement base material (12). Parekh et al. 
(13) considered the use of RCA as an appropriate and “green” solution to the 
anticipated increased world – wide construction activity. 

 
2. Economic factors  

Recycling concrete is an attractive option for governmental agencies and 
contractors alike because most municipalities impose tight environmental controls 
over opening of new aggregate sources or new dumping areas (12). Due to scarcity 
of lands, there is increase of the cost in starting new quarries, and new quarries are 
required to be far from residents. Hence, the cost and transport distances of 
conventional aggregates could continue to increase as sources becomes scarcer. 
Since landfill space is limited and can be far away, especially in urban areas, the 
disposal of demolished rubbles becomes costly and dumping fees will most likely 
rise as construction debris increases and the number of accessible landfills 
decreases. Such situation was faced in Hong Kong and recycling aggregate was an 
attractive solution (14). 

 
3. Solving the problem of lack of materials 

According to Kawakami et al (15), utilization of concrete that uses recycled 
aggregates as a construction material is expected to contribute to solving the issue 
of lack of raw materials, and thus would allow the construction of infrastructures 
using a circulatory system for resources.  

  
4. Other uses 

While unprocessed RCA is useful to be applied as many types of general bulk fill, 
bank protection, sub-basement, road construction and embankments, processed 
RCA can be applied to new concrete including lean and structural grade concrete, 
soil-cement pavement bases and bituminous concrete (9). Moreover, it has been 
used to produce high strength concrete (10). 
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The use of RCA for the production of roads involves breaking demolished concrete into 
materials with specified size and quality. These materials can then be combined to produce 
aggregate of a pre-determined grading and hence can be safely and effectively used.  
 
In this research, the authors investigate the use the RCA in hot asphalt concrete (AC) mixes 
and study the possible effects of using RCA on some of the AC properties.  
 
Several researches have been carried out in order to test the suitability of RCA in hot asphalt 
mixes. Some of these researches are included in references 19 to 24. Most of these researches 
consider that the use of RCA is environmentally efficient. However, many find that the use 
require further research before application.   
 
 

2. MATERIALS 

The used bitumen in all mixes is grade 60/70 Bitumen. The properties of the used bitumen 
are shown in Table 1. Used natural aggregate is crushed limestone obtained from local 
sources. Gradation of the natural aggregates was obtained using ASTM C136.  Natural 
aggregate used in the mixes was obtained by combining various aggregate sizes in order to 
arrive to the target gradation.  
 

Table 1: Bitumen properties 

 

Property Specification Test Method Test Value 
Specific Gravity @25/25 C 1.01-1.06 D-70 1.02 
Penetration @25 C 60/70 D-5 64 
Softening Point C 49/56 D-36 53 
Ductility @25 C 100 MIN D-113 134 
Loss On Heating (Wt)% 0.2 MAX D-6 0.12 
Flash Point C 250 MIN D-92 320 
Solubility In Cs2 (Wt)% 99.5 MIN D-4 99.9 

 
The procedure described by Montegomry et al (16) was followed in the preparation of RCA 
as follows: First, RCA was obtained by crushing the previously tested concrete samples in the 
lab into manageable lumps and then obtained lumps were crushed in a Los Angeles abrasion 
machine. These particles were then washed, dried and sieved using the standard sieves for 
coarse aggregates. Any material passing sieve 5 mm (ASTM #4) was discarded. Later, the 
sieved particles were combined in order to obtain a gradation similar to that of the coarse 
natural aggregates. By this, the possible effect of the change of aggregate gradation on the 
properties of the asphalt mix is minimized.  
 
The natural crushed aggregates and RCA were blended in order to meet the median of the 
required gradation by the Jordanian Ministry of Public Works & Housing (MPW&H) for 
heavy traffic wearing course (Figure 1). 
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Figure 1:  Used gradation limit between the upper and lower MPW&H specification limits 
for heavy traffic wearing course. 
 
The Specific gravity and absorption of the aggregates were measured using ASTM C127 and 
ASTM C128. In each case, representative samples were taken and tested according to the 
corresponding ASTM standard. For natural aggregate, the average of three values was 
calculated. Because of the higher variability in RCA results, the average of six values (taken 
from different crushed lots) was calculated. The results are presented in Table 2. The 
hardness of the aggregates was obtained using ASTM C131. The Los Angeles abrasion 
values of both aggregates are shown in Table 2. The compacted density (dry-rodded unit 
weight) of the aggregates was obtained using ASTM C 29.  
 

Table 2: Physical properties of aggregates  

Property Coarse Aggregate Fine Aggregate RCA 
Specific gravity  2.57 2.59 2.28 
Water absorption (%) 1.7 1.9 5.8 
Rodded bulk density (kg/m3) 1502  - 1310 
LA abrasion (%) 25 - 31 

 
From Table 2, it can be observed that RCA aggregate has lower specific gravity and higher 
absorption than natural aggregate. The reduction in the density and specific gravity and the 
increase in absorption are attributed to the attachment of cement paste in the recycled 
aggregate (3).  The RCA aggregate conformed to RILEM 1994 Type II (17). Aggregate of 
the same properties have shown acceptable behavior in normal concrete mixes (18). 
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4. EXPERIMENTAL PROGRAM 

The standard well-known Marshall method of mix design, which is currently used by 
MPW&H, was used in order to evaluate the effect of RCA on the final binder content 
necessary to achieve the optimum asphalt mix properties. Several binder contents were used 
in the evaluation study ranging between 5% and 7%. For each mix, density, stability and flow, 
percent air voids (AV), percent voids in mineral aggregates (VMA) and percent voids filled 
with bitumen (VFB) were calculated. Initially, the optimum binder content in RAC-free 
mixes was determined. Later different percentages of the coarse natural aggregate were 
replaced by RAC and the optimum binder content was obtained for each replacement 
percentage. The used replacement percentages were 25%, 50% and 75% of the natural 
aggregate. 
  
In addition to the previous tests, three samples from each mix at their optimum asphalt 
content were tested in the Marshall stability machine in an indirect tensile mode at 25C. The 
failure load for each sample was recorded.  The indirect tensile strength (ITS) for each 
sample was calculated using the following formula, 
  

ITS = 
dt

P

2   where P is failure load, t is sample thickness, and d is sample diameter 

 

5. RESULTS AND DISCUSSION 

Figure 2 shows variation of mix specific gravity with RCA replacement ratio. It is clear from 
this figure that the use of RCA has reduced the density of the mix. This reduction increases 
by the increase in RCA amount. This decrease in mix specific gravity is probably due to the 
lower specific gravity of RCA, the higher demand for bitumen to attain the required 
properties and the higher voids in the final mix.  
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Figure 2: Relationship between RAC replacement ratio and mix specific gravity 
 
 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

34



  

Figure 3 shows the effect of RCA replacement ratio on the optimum binder content. It can be 
noticed that increasing RCA percent led to increase in the value of the optimal binder content. 
This can be mainly attributed to the higher absorption of the RCA than the normal aggregate.  
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Figure 3: Relationship between RCA replacement ratio and the optimum binder content 
 
The results of the indirect tensile strength are shown in Figure 4. The required higher amount 
of asphalt at higher percentages of RCA had mainly led to decrease in the indirect tensile 
strength of the asphalt mixes, Figure 4.  
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Figure 4: Relationship between RCA replacement ratio and the indirect tensile strength  
 
To find the effect of RCA replacement ratio on the mix volumetric properties and required 
specifications of the hot mix asphalt at optimum asphalt content, Figures 5 to 7 are showing 
effect on RCA replacement ratio on mix air voids, mix voids filled with asphalt and mix 
voids in mineral aggregate, respectively. Figure 8 shows effect of RCA replacement ratio on 
Marshal stability of the asphalt mix. 
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Figure 5: Relationship between RCA replacement ratio and air voids 
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Figure 6: Relationship between RCA replacement ratio and the voids filled with bitumen 
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Figure 7: Relationship between RCA replacement ratio and the voids in mineral aggregate 

 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

36



  

0 20 40 60 80 100
Replacement Ratio

5000

6000

7000

8000

9000

S
ta

bi
lit

y 
(N

)

 
Figure 8: Relationship between RCA replacement ratio and the stability at the optimum 

binder content 
 
Due to RCA angularity, specific gravity and shape, addition of the RCA has increased the 
void content of the mixes, which has led to increasing the voids filled with asphalt and voids 
in mineral aggregate and decreased the mix stability. Figures 5 to 8 indicate that up to 25% 
RCA replacement ratio satisfies the AASHTO requirements for heavy traffic (air voids 
between 3% and 5%, stability greater than 6672N, VMA greater than 14% (NMSA=20mm), 
flow between 8 and 16 and VFB between 65 and 80. Some of these specification limits are 
not satisfied at higher RCA replacement percentages than 25%. 
 
 
SUMMERY AND CONCLUSIONS 

 
The use of recycled concrete aggregate in asphalt mixes is a sustainable construction practice. 
However, the addition of RCA has an adverse effect on the properties and the performance of 
the asphalt mixes. In this study, the use of RCA increased the asphalt content required to 
attain the same properties. The higher the natural aggregate ratio, the higher the demand of 
asphalt content is.  
 
The test results show that the RCA is highly absorptive and that as the percentage of RCA in 
the mix increases, the optimum asphalt content increases. This increase becomes significant 
for replacement percentages exceeding 25%.  
 
Considering the performance behavior and the need for higher asphalt content, the use of 
RCA in hot asphalt mixes is not recommended beyond a replacement ratio exceeding 25%. 
Considering the environmental benefits of the use of RCA, the authors suggest using RCA 
replacement ratio between 10% and 20%.  
 
Regarding other than the 25%-replacement ratio, the use of RCA may be used in lower 
specification limits roads such as medium to low traffic roads. 
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Abstract 

 Road safety is a significant issue of public health 
through the world, The contrast in road safety between 
countries imputed to many factors such as infrastructure 
quality, driving conditions, driving culture, or 
enforcement power. Each of these elements is brewed 
by the contexts of instituting such as planning, design, 
and the process of policy-making. Furthermore, 
research about other technical systems has shown the 
organization power effect, standards, and 
communication on safety. This drove to ask: How do 
our professional and cultural interpretations of safety 
influence the project life cycle , planning, design 
maintenance and operation of highway project  
 
This study aim test the relationship between roadway 
user behaviour and implication on safety,  focus on 
three categories age, gender, and social class. The 
Methodology done by survey data  includes some major 
streets within Amman municipality area by use Chi-
square as statistical test with significant level of 5% was 
used. Two-side test was considered. 
 
The results showed that there is significant difference     
( have a relationship ) between children sitting location 
( front seat or back seat ) while driving according to 
gender, Female tends to children sitting location at the 
back seat with percentage 67.2% while male 37.9%  On 
other hand , the results showed that there is significant 
difference between children sitting location ( front seat 
or back seat) while driving according to social class, 
also, the results showed that there significant deferent 
according to age, so the older users tends to use seat 
belt while driving with 44.4 % while young users 
37.2% . 

 
Keywords (Road safety, Roadway User's 

Behavior,Jordan ) 

 

 

 

 

 

 

 

 

 

I.   INTRODUCTION 

 
Safety is the primary objective for highway 

and traffic engineers that should be supplied for 
road users; pedestrians and vehicle users including 
driver and rider. Road traffic accidents which 
present an essential problem on worldwide basis 
with their end results of fatalities and injuries are 
considerably impute in safety on highways. 
Various highway agencies and organizations 
around the world constitute annual statistics that 
reflect the magnitude of the traffic safety problem. 

 
 Globally, traffic accidents on roads are 

serious. Traffic fatalities and injuries resulting 
from road accidents are so high worldwide. 
According to the most recent records, road traffic 
accidents kill 1.2 million victims worldwide and 
injure 50 million each year. Ninety percent of 
them are in developing countries, and more than 
half of all victims globally are between the ages of 
15 and 44. In addition to human sufferance which 
traffic accidents cause, they result in considerable 
additional costs to societies. Estimates show that 
road traffic injuries cost nations as much as two 
percent of their gross national product WHO[1].  
The fatality rate in 2010 in Jordan in terms of 
population and vehicles was 11 per 100,000 
population and 6.2 fatalities per 10,000 vehicles 
Jordan Traffic Institute[2]  

 
Jordan is considered as one of the highest 

world countries in terms of traffic accidents, 
which were responsible for about 4.5% of 
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fatalities during the year 2007 and ranked as the 
third cause of death during the year 2010.  

Furthermore, It was found that the costs of 
road accidents in Jordan were estimated to be 
about US$ 146.3 million in 1996 (Al-
Masaeid1999) and increased to US$ 440 million 
in 2010 traffic institute [2] .  

         Given the magnitude of the traffic safety 
problem, road authorities and safety corroboration 
groups around the world are working hard to 
improve road safety in an effort to mitigate the 
economic and societal costs associated with traffic 
accidents. It is widely accepted that traffic 
accidents can be essentially attributed to one or a 
combination of the following highway system 
components: the road user (driver and pedestrian), 
the vehicle, and the road. Accident reduction can 
be achieved by intent these components and 
developing measures to improve their safety 
performance. Transportation engineering is 
mainly concerned with the safety performance of 
the road component of the highway system. 
 

II.    AIM & OBJECTIVES  

A.  Aim  

Test the relationship between roadway users  

behaviour and implication on safety. 
 
B.  Objectives 
 

1) Test if they relationship between 
the gender of the roadway users, 
and their behaviour. 
 

2) Test if they relationship between 
age & experience of the roadway 
users, and their behaviour. 
 

3) Test if they relationship between 
social class of the roadway users, 
and their behaviour. 

 

III. PAPER IMPORTANCE: 

             It is extensively recognized that human 
factors intervene in most, if not all, road 
accidents. It is a major reason for the present 
project; contribute to put in light the role of 
human factor in the road accidents genealogy. 
More specifically, it is the social dimension of 

human factor that will be studied. What are the 
social groups that are supporting or against some 
measures, are they numerous or influent? Main 
purposes here are to describe the state of road 
users attitudes and reported behaviour with regard 
to road traffic risk, to evaluate the range from 
approval to opposition towards regulations and 
countermeasures, to search for underlying social 
or cultural factors leading to various behaviour in 
term of risk, and lastly to recommend actions to 
take in consideration when improving road safety 
policies. 

V.   Methodology 

A. Data Collection & Case study 

Study location includes some major streets within 
Amman Municipality area. Road user behaviour 
was surveyed at these streets including data related 
to traffic stream  (traffic flow and speed).          

   

The following streets were covered (Figure 1). 

 

 

 

 

 

 

 

 

 

              Survey was completed in good weather 
conditions (Cloudy to sunny) with no rain to 
resemble normal weather conditions in Jordan.   
 
              The average speed on the selected streets 
was 53.33 km/h and average peak hourly 12.00 PM 
to 1.00 PM volume 1332 PC and the off-peak 
hourly volume 09.00 AM to 10.00 AM volume 976 
PC. 

 

Suburb of Roda  

Mecca Street 

Jabal Al Hussein 

Tabarbour 

Station Road 
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Abdali - behind the Islamic 

Hospital 
Marca 
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Figure 1 : Study Locatins 

 

B. Data Analysis 

          Chi-square is a statistical test used to 
examine relationships between different variables . 
A significant level of 5% was used, Two-side test 
was considered.  

 

VI.  LITERATURE & THEORETICAL 

FRAMEWORK  

In a study surveying in UK, which involve 
(4000) adolescent (11-14 years old) from the 
central business area , the researchers identified  
that 25% had been pushed onto the road by a 
friend and 49% admitted to using their mobile 
phones for texting whilst they crossed the road 
Brake[3] In term of connexion in safety behaviors, 
13% said that they attire  reflectors and only 15% 
said they wear helmets whilst cycling Brake[3]. 
Furthermore, adolescents’ risky behaviours and 
attitude  have been found to be related to latter 
risky driving behaviors (Bingham & Shope[4], 
Simpson & Beirness[5]). Subsequently, 
understanding adolescents’ on road behavior 
(non-driving) is particularly important. Distinct       

 

 
 
 
The driving behaviour field there is 

currently no harmonized upon framework for 
investigating the behavior of adolescents as 
pedestrians. Elliott and Baughan [6] endeavoured 
to address this issue by developing a method to 
classify adolescents’ on road behaviors, the 
Adolescent Road user Behavior Questionnaire 
(ARBQ). This scale was evolved using qualitative 
descriptions of actual road accidents involving 
children and information obtained from focus 
groups with children. Using the ARBQ, Elliott 
and Baughan[6] surveyed 2433 English 11–16 
year olds and indicated  that their data can  
preferable described  by   three factor solution 
consisting of ‘‘unsafe crossing behavior”, 
‘‘dangerous playing in the road” and ‘‘planned 
protective behavior”. The ‘‘unsafe crossing 
behavior” factor consisted primarily of behaviors 
to do with crossing the road in an unsafe manner 
(e.g. crossing from between cars, running across 
the road without looking). Factor 2 (dangerous 
playing on the roads) consisted of behaviors 
which were mostly to do with playing on the road 
(e.g. playing ‘‘chicken” by lying on the road and 
waiting for a car to come along, holding onto a 
moving vehicle when riding a bike). In contrast to 
the first two factors, which could broadly be 
described as aberrant behaviors, factor 3 consisted 
of behaviors aimed at reducing the risk of being 
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killed or injured (e.g. wearing a cycle helmet 
when riding a bike, wearing reflective clothing 
when walking in the dark).  
 
Traffic safety researchers are also concerned with 
drivers’ rationality, and use the difference  
between individual and collective rationality to 
vindicate  regulation. Rumar [7]  argued that 
individuals do not accurately realize the 
collective, statistical risk of their automobile 
travel because we feel that we are in control, and 
more skilled than the average driver. More 
recently, Elvik [8] argued that speed limit laws are 
justified because drivers cannot select a driving 
speed that would be socially best. Thus, 
historically, and more recently, in both popular 
and technical literature, road safety been defined 
as a problem of driver behavior, a private 
problem, though one with consequences that 
justify public intervention. 
 
A.  Winter weather & behavior of road users 

 

For the behavioral responses, winter 
weather provides a good example to a change in 
the driving conditions. According to strong, ye , 
and shi[9] both decrease visibility and decreased 
road friction will resort to result in a speed 
reduction  . Obviously the reduction in speed and 
travel is a reduction in mobility to what is 
perceived to be a less safe driving situation. Speed 
reductions during snowfall have been shown to 
lead to reduced fatalities Eisenberg &Warner, [10] 
However, the decrease in road friction causes  an 
increase in less severe crashes (property-damage 
only and injury crashes). Evidence also suggests 
that driver perception of the road environment 
(i.e., perceived risk) and experience with winter 
weather can have an effect  on safety. Crashes 
tend to be higher during the first snowfalls of a 
season, perhaps due to drivers not perceiving the 
risks properly Eisenberg & Warner [10].  

 

B. Pedestrians’ Behavior 

 

Zegeer and Bushell [11]  indicated that 
pedestrians are more liable to traffic crashes in 
countries where traffic laws are poorly enforced 
and cause the large magnitude of vehicle and 
pedestrian activities pedestrians are most at risk in 
urban areas . While in developing countries 
Wickramasinghe et al [12] have noticed that even 
when there are sufficient pedestrian road crossing 
facilities, pedestrians take the risk and burlesque 

illegal road crossing manners increasing their 
prone to traffic accidents. Several studies 
investigated the characteristics of pedestrian 
accidents. Laplante et al[13] investigated the 
characteristics of pedestrian accidents in Michigan 
and indicated that young pedestrians ages 5 to 24 
are more potentially to be encompassed in 
crashes, and that pedestrian crashes occur more 
often after dark than during daylight hours.  

 
Viola et al[14] examined the characteristics 

of crashes resulting in pedestrians killed or 
seriously injured in New York and detected that 
nearly 36% were due to driver inadvertency,79% 
involved private automobiles, and 80% involved 
male drivers. Nieuwesteeg and McIntyre [15] 
found that injured pedestrians are usually not 
mistaken when crossing at intersections, but 
mostly erring when crossing the road mid-blocks 
in Victoria . With respect to pedestrian actions 
and behaviors, about 27 percent of the pedestrian  
deaths were related to erroneous crossing of the 
roadway or intersection in the United  States. 
Over one-fourth of the deaths were related to 
walking, playing, working, etc. About 14 percent 
of the pedestrian deaths were related to failure to 
yield right-of-way as a condition in the crash. In 
addition, about 12 percent of the deaths were 
related to darting out or running into the road 
NHTSA[16]  

 
Alcohol consumption has been associated 

with higher injury severity. More than one third of 
the pedestrians killed in crashes had a BAC of 
0.08 grams per deciliter or more with a smaller 
proportion (4%) with BAC ( blood alcohol level ) 
of 0.01 to 0.07 g/dL. This data indicates that 
nearly 4 out of 10 pedestrians killed had some 
level of alcohol involvement at the time of the 
crash. when alcohol is involved the probability of 
the pedestrian being killed in a police-reported 
motor vehicle crash involving a pedestrian is four 
times higher than when no alcohol is involved 
NHTSA[16] 

 

C. Driver Behavior  

 
Speeding and driving under the influence 

of alcohol are two major specific factors usually 
found to be responsible for fatal crashes caused by 
the younger drivers Ballesteros Dischinger[17] 
Alam Spainhour[18] Driving without a license has 
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also been shown to be an important factor for fatal 
crashes caused by young drivers Hanna et al., 
[19]. Driving speed is a significant factor in road 
safety. Speed not only affects the severity of a 
crash, but is also related to the risk of being 
involved in a crash . It is easy to understand that at 
high speeds the time to react to changes in  the 
environment is shorter, the stopping distance is 
larger, and maneuverability is reduced Letty 
Aarts, Ingrid van Schagen, [20] More recently, 
Elvik [9] argued that speed limit laws are justified 
because drivers cannot select a driving speed that 
would be socially best. Thus, historically, and 
more recently, in both popular and technical 
literature, road safety been defined as a problem 
of driver behavior, a private problem, though one 
with consequences that justify public intervention. 

 

D. Effect of Distraction & Lassitude on The 

Driver Behaviour 

 

One area of growing concern among road 
safety professionals is the effect  of in-vehicle 
distractions on driver performance and safety. In 
particular, cell-phone and texting have been 
evinced to increase driver error Caird, Willness, 
Steel, & Scialfa[21] Owens, McLaughlin, & 
Sudweeks[22]. Many countries (and states in the 
United States) have passed legislation 
makingvcell-phone use and texting illegal while 
driving. As reported by Klauer, Dingus, Neale, 
Sudweeks, and Ramsey [23] one of the primary 
results of this study was the role that inattention 
(or distraction) plays as a casual  factor in crashes 
and near-crashes (the latter being data that is not 
possible to collect except via these intensive video 
data collection techniques). They found that 
somnolence and engagement in secondary tasks 
(within the vehicle) significantly increased the 
odds of a crash or near-crash event. Inattention, 
and specifically those distractions that led to eye-
glances away from the forward road of greater 
than 2 s were associated with more crashes and 
near-crashes (although it is stressed that some 
eye-glances, for example, to view side and rear-
view mirrors, reduce risk, and may also be 
associated with a safer driver). Inattention was 
also found to be larger for younger and less-
experienced drivers. Interestingly, drivers were 
found to be less drowsy when driving conditions 
required greater attention, perhaps suggesting 
some compensating behavior. 

 

 

VII.  Data Analysis 

 

A.  Gender  

1)   Gender &  Uses Mobile 

 

 

 

 

 

 

 

 

 

Figure 2 :Gender &  Uses Mobile 

 
The results showed that (23.6%) of subjects 
included in the survey (433) use mobile while 
driving. Male  & Female tends to use it with close 
percentage, (Male 24.1%) & (Female 21.6%).Chi-
Square tests suggests that there is no significant 
difference in using mobile while driving to gender 
(χ2= 0.269, P= 0.603) 

 

2)   Gender & children sitting location  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3 :Gender &  Children sitting Location 
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The results showed that (57.7%) of subjects 
included in the survey (90) children sitting 
location at the back seat while driving. Female 
tends to children sitting location at the back seat 
with percentage 67.2% while male 37.9% .Chi-
Square tests suggests that there is significant 
difference in children sitting location while 
driving to gender (χ2= 6.908, P= 0.008) 
 

3)  Gender & use seat belt or not 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 :Gender &  use seat belt or not 

 

The results showed that (35.1%) of subjects 
included in the survey (469) use seat belt while 
driving. Male & Female tends to use it with close 
percentage, Male 31.6% while Female 47.1%. 
Chi-Square tests suggests that there is no 
significant difference in use seat belt or not while 
driving to gender (χ2= 8.631, P= 0.05) 
 

B.  Social Class: 

1)  Social class & uses mobile or not : 

 

 

 

 

 

 

 

 

 

 

The results showed that (25%) of subjects 
included in the survey (389) use mobile while 
driving. Luxury vehicles & Ordinary vehicles 
tends to use it with close percentage, Luxury 
vehicles 27.2% while Ordinary vehicles 20%. 
Chi-Square tests suggests that there is no 
significant difference in use mobile or not while 
driving to Social Class (χ2= 2.397, P= 0.121) 

 

2)  Social class & children sitting location: 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6 : Social class & children sitting location 

 

The results showed that (66.6%) of subjects 
included in the survey (96) children sitting 
location at the back seat while driving. Luxury 
vehicles users tends to children sitting location at 
the back seat while driving with 44.4 % while 
Ordinary vehicles users 19.2 %. Chi-Square tests 
suggests that there is significant difference in use 
mobile or not while driving to Social Class (χ2= 
6.857, P= 0.008) 

 

3)  Social class & use seat belt or not: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 :Social class &  uses mobile Figure 7 :Social class &  use seat belt 
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The results showed that (58.8%) of subjects 
included in the survey (364) use seat belt while 
driving. Luxury vehicles & Ordinary vehicles 
tends to use it with close percentage, Luxury 
vehicles 59.4% while Ordinary vehicles 58.6 %. 
Chi-Square tests suggests that there is no 
significant difference in use mobile or not while 
driving to Social Class (χ2= 0.017, P= 0.05). 
 
C.  Age & Experience 

1)  Age Category & use seat belt or not 

 

 

 

 

 

 

 

 

 

 

 
Figure 8 : Age & use seat belt 

 
The results showed that (41.4%) of subjects 
included in the survey (519) use seat belt while 
driving. Old users tends to use seat belt while 
driving with 44.4 % while young users 37.2%. 
Chi-Square tests suggests that there is significant 
difference in use seat belt or not while driving to 
age  (χ2= 5.575, P= 0.018) 

 

2)   Age category  & uses mobile or not  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9 : Age & use mobile 

 

 

The results showed that (21.7%) of subjects 
included in the survey (469) use mobile while 
driving. Older & younger driver tend to use it with 
close percentage, older driver 18.6% while 
younger driver  23.3 %. Chi-Square tests suggests 
that there is no significant difference in use 
mobile or not while driving to age (χ2= 1.280, P= 
0.250). 

 

3)  Age category & children sitting location 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 10 : Age & Children Sitting Location 

 

The results showed that (66.5%) of subjects 
included in the survey (96) children sitting 
location at the back seat while driving. Older & 
younger driver tend to use it with close 
percentage, older driver 45.45% while younger 
driver  33.33 %. Chi-Square tests suggests that 
there is no children sitting location while driving 
to age (χ2= 1.357, P= 0.250). 
 

D.  Use mobile & use seat belt or not 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11 : Use seat belt & use mobile 

 

Social Class & Uses Mobile or Not 
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The results showed that (21.7%) of subjects 
included in the survey (469) use mobile while 
driving. The drivers that use seat belt & not  tend 
to use mobile while driving with close percentage, 
does not use seat belt 23% while driver use seat 
belt  19.7 %. Chi-Square tests suggests that there 
is no significant difference in use mobile or not 
while driving to use seat belt or not (χ2= 0.829, P= 
0.362). 

 

E.  Use Mobile & children sitting location  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 12 : Children sitting location & use mobile 

 

The results showed that (20.8%) of subjects 
included in the survey (91) use mobile while 
driving. The drivers that Children Sitting location 
front seat 23.5%  & back seat 19.2 %  tend to use 
mobile while driving with close percentage, Chi-
Square tests suggests that there is no significant 
difference in use mobile or not while driving to 
children sitting location at front or back seat  (χ2= 
0.230, P= 0.631). 

 

 

VIII.  Conclusion : 

The study results show that behaviour for 
drivers due to three  reasons, 

 
1. Education and culture, 
2. Passion,  
3. and compliance with laws. 
 

The results showed that there is significant 
difference ( have a relationship ) between children 
sitting location (front seat or back seat) while 
driving according to gender, Female tends to 
children sitting location at the back seat with 
percentage 67.2% while male 37.9% , this is 
because female are more interested in their 
children than male and more emotion, not because 
female are afraid while driving a car, because the 
results also showed male  & female tends to use 
mobile while driving with close percentage, (male 
24.1%) & (female 21.6%), also the same thing 
while using seat belt  male & female tends to use 
it with close percentage, (male 31.6% ) while         
( female 47.1%). 

 
On other hand , the results showed that 

there is significant difference between children 
sitting location ( front seat or back seat) while 
driving according to social class , Luxury vehicles 
users tends to children sitting location at the back 
seat while driving with 44.4 % while ordinary 
vehicles users 19.2 %, because high social classes, 
interested in education and public safety 
associated with the child more than the other 
classes of society, but the results showed luxury 
vehicles users & Ordinary vehicles users  tend to 
use mobile during driving  with close percentage.  
Also, the results showed that there significant 
deferent according to age, so the older users tends 
to use seat belt while driving with 44.4 % while 
young users 37.2% , There are many reasons for 
regulating the driving of younger drivers. First, 
they may not have obtained  the skill and 
experience to adequately handle a vehicle, 
especially under stressful situations . Second, they 
may not have fully developed cognitive abilities 
to properly perceive risks , and Third, they may be 
overly confident in their own driving skills. But 
that there no significant difference in use mobile 
or not while driving according to age.  

 
 
The results showed that there no significant 

difference in use mobile or not while driving to 
use seat belt or not  and for children sitting 
location at front or back seat , this is because the 
behaviour in each case associated with a particular 
concept for drivers, which makes the behaviour of 
people who are committed to true may not 
properly adhere to the behaviour of another, for 
example children sitting location mainly depends 
on the passion and care with the driver, while the 
use seat belt or not depends on the level of 
awareness, education and experience for the 
drivers. 
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VIIII.  Recommendations : 

 
             It is recommended that the media be 

directed to drivers focused on the behaviour of 

more than one at the same time, because, as 

demonstrated in the study that the negative  

behaviours of drivers are not linked with each 

other, and to focus on that it is the obligation not 

only to protect yourself from the risk of death, 

but to become good behaviours kind of culture 

while driving a car, since some of the 

behaviours of safety associated with emotion so 

too would prefer to focus on the message in the 

media so that the sense of safety stems from the 

inside. 
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Abstract 

Scientific and analytical 
approaches to accident data collection, 
storage and analysis are essential in 
dealing with road safety problems.  
Police accident records in the majority 
of countries form the main (and 
sometimes the only) source of accident 
data. Access to the accident database is 
also important  to identifying specific 
safety problems and evaluating the 
effectiveness of the countermeasure 
introduced. 

 Accident data collection and analysis 
offered by technological innovation 
such as Electronic Data Entry (EDE), 
Electronic Data transfer (EDT), and 
Geographic Information system (GIS)  
are implemented in developed 
countries. Developing countries, 
including the Gulf countries, should 
take advantage of the experience of  
developed countries on how the 
advance accident data management 
system works to identifying, more 
accurately, the main factors contributing 
to traffic accident. 

 The main purpose of this research is to 
provide information on accident 
statistics process in Virginia state, 
starting from the time of accident 
occurring until it is stored in the 
database, with the aim of using it 
towards improving the process of 
collecting and maintaining accident data 
system in Gulf countries. The task is 
performed by reviewing the relevant 
international literature and interviewing 
police officers in charge and academic 
researchers in order to compare the 
accident data management system  and 
also the quality of the data. 
Recommendations towards developing 
the crash data management system will 
be obtained based on the research 
results and international experience. 

Keywords: Accident database, Gulf 
countries, Accident Record System  

1- Introduction 
Gulf Cooperative Council 

(GCC) countries consist of six countries 
namely  Saudi Arabia, Oman, Emirate, 
Kuwait Qatar, and Bahrain. Statistics 
show that the fatality rate per 100,000 
population in the GCC countries are  
substantially higher than those in 
developed countries, in which  the rate 
of selected 15 Europe countries were 
found to be steady decline toward vision 
zero (Al-Madani 2013).  Al-Madani 
(2013) stated that the fatalities per 
100,000 population was 13.5 in 1980s,  
which dropped to 5.5 deaths per 
100,000 inhabitant recently. Whereas  
the fatality rate per 100,000  in the GCC 
countries remain constant over the same 
period. In 1980s  the rate was between 
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22 to 27, it becomes  around 23 deaths 
per 100,000.  

Most of the GCC countries  
proposed  road safety strategic plans to 
reduce accident and causalities. One of 
the key issue of these strategies is to 
improve the accident database which 
could promote a more detailed 
exploration of the causes of road 
accidents,  and better understanding of 
the circumstances that leading to 
causalities.  

An improvement of the data 
collection  process will come up  with 
significant findings that lead to potential 
countermeasures.  An  accurate  road 
crash database is essential to determine 
the priorities and the results of each 
measure, and therefore to design any 
effective strategic plan. It is also 
necessary to have a reliable data and 
establish a proper and updated database 
system to collect, store and analyze 
crash-related information. Accident data 
collection and analysis offered by 
technological innovation such as 
Electronic Data Entry (EDE), Electronic 
Data transfer (EDT) would  minimize 
invalid or incomplete information being 
entered into the report compared to 
filling the  Crash Form manually. The 
more times data is manually coded, the 
more likely it is that mistakes will be 
made (Griffith, 2003; Pettit, 2002). 

Cherry et al. (2006) stated that 
standardizing data-collection methods 
and accident forms, and incorporating 
Global Positioning System (GPS) will 
support  data accuracy and spatial 
analysis. Geographical Information 

System (GIS) can also support safety 
auditing purposes and carrying out 
necessary studies such as black spot. 
The GIS can be utilized to merge 
accident and highway data, geo-code 
the accident data and locations, 
calculate frequency and rate of 
accidents, and select a variable for 
stratification to calculate the mean and 
standard deviation of accident rates 
(Liang et al., 2005). 

An objective of this research is 
to evaluate the crash data forms and the  
process of data collection in Gulf 
countries. Another objective of this 
research is to perform a 
recommendation towards improving  
the crash data management process in  
gulf countries based on the comparative 
studies with the developed countries 
such as selected states from the united 
State and other International experience.   

2- Methodology  
 The road accident statistics have 
been collected from the traffic 
directorate from each gulf countries in 
order to perform a comparison of 
accident rate between gulf countries and 
developed countries, which will provide 
insight information about  road safety 
situation in recent years.   

 Police accident reports have 
been also obtained from traffic 
directorate for each gulf country to 
assess the report form based on the 
Model Minimum Uniform Crash 
Criteria (MMUCC) in terms of the 
existing  crash data elements, vehicle 
data element and personal data 
elements. 
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A personal interview survey 
method has been implemented in this 
study. People who were interviewed are 
police officers and Academic 
researchers  who are involved in the 
accident database in each gulf country.  
The interview questions are mainly 
about the process of collecting and 
maintaining accident data system. Also 
the same interview has been conducted 
with  the data manger at Virginia 
highway safety office in USA.  

Recommendation are extracted 
to enhance the crash data management 
system for the gulf countries based on 
the research results  and  other 
international experience. 

3- Results: 
3.1 Accident rate in gulf countries 

It is relevant to make a 
comparison between countries of 
similar status. The statistic most often 
used to compare road safety records 
around the world is the 

number of persons killed for every 
100,000 people. Figure1 shows  a recent 
statistical data available of the fatalities 
rates in Arabian Gulf Countries which 
share the same culture. Kuwait’s fatality 
rate per 100,000 population is the 
second lowest after Bahrain, while 
Oman is the worse and Saudi Arabia is 
not far off the Oman level. Although  
the fatality rate per 100,000 population 
in UAE and Qatar is higher than Kuwait 
and Bahrain , they have downward 
trend in recent years. However, the  
fatality rate  for the GCC country 
showed a much higher rate than 

developed countries such as UK and 
Sweden where the fatality rate  per  
100,000  population are 2.75 and 3.0 
respectively(Wikipedia 2012).      

 

Figure 1 Fatalities per 100,000 
inhabitant in the GCC countries 
(Sources: Annual Statistics from the 
Ministries of Interior of Saudi Arabia, 
Kuwait, Bahrain, Oman, Qatar and 
Emirates)  

A better statistic to compare 
road safety records around the world is 
the fatality per 100 million vehicles-
kilometers travelled. The difficulty of 
obtaining such rate lies in the 
availability of correct data or 
computation of vehicle-kilometers in 
developing countries.  

It should be taken into 
consideration  the topography in each 
country which could have an impact on 
accident rates. For example, the total 
land areas of Kuwait, Qatar, and 
Bahrain are relatively small compared 
to the Emirates and Oman, whereas 
Saudi Arabia is much greater than all of 
them. There is some rolling and 
mountainous terrain in Oman and Saudi 
Arabia, whilst Kuwait, Qatar and 
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Bahrain have mostly level terrain 
(desert landscape). 

3.2 Accident data process in gulf 
countries 

It was found that the crash 
statistic process (starting from the time 
of accident occurring until it is stored in 
the database) are different among Gulf 
countries. In Kuwait,  when the accident 
occurs  the police patrol come  to the 
accident location and  fill a preliminary 
form which contains basic information 
such as vehicles plate number drivers 
names and little preliminary sketch of 
the accident and location then vehicles 
are removed from the accident locations 
and the drivers will go to the police 
station were the police investigator are 
there to investigate the accident 
sequences.  The police Investigator then 
fill the police accidents reports which 
has more detailed information. If 
someone are injured the ambulance take 
the injured person to the  hospital where 
there is also a police investigator in 
each hospital, in some situations the 
drivers leave the accident location and 
go to the police station to process the 
paper work for Insurance claims . The 
police investigator do not have to go to 
the accident location unless If he feel 
that it is necessary to go there. The 
information from the police report  then 
will be entered  manually to excel 
spread sheet by the by data entry person 
in order to present it as a monthly or 
annual statistic report.  
 

In Saudi Arabia ( Riyadh )the 
police patrol goes to the accident 
location when receiving call  for injury 

accident only, which may involve the 
attendance of ambulance and fire truck 
if needed. If a PDO accident occurs the 
private company (NAJM) will go to the 
accident location to investigate the 
crash unless if the driver does not have 
insurance or driver licence, the police 
officer have to go to these kind of 
crashes. Then police officer fill the 
accident report manually which  consist 
of three copies, one for driver, one to be 
kept in the archive (folder) and one for 
the database entry person. Then data is 
entered  manually to the excel spread 
sheet  for the monthly and annually 
statistic report. 

 
In Bahrain and Qatar the process 

look similar, when the police received a 
call  in case of PDO accident and If the 
vehicles can move or remove safely,  
the police will tell the drivers to come to 
the nearest police station to process the 
investigation, then the police report is 
being filled (less detail in Qatar), then 
the data will be entered at the Traffic 
Management Administration were they  
have their own software for the monthly 
and annually statistic report . In case of 
injury accident the police came to the 
accident location and also the 
ambulance and fire truck if needed then 
the police officer will fill the police 
report in Qatar, but in Bahrain there is a 
more detailed accident report for injury 
accident need to be filled by special 
committee. 
 

Oman (Masqat ) the process in 
Oman is a bit different, when there is a 
PDO accident the insurance company 
will take care the investigation and 
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filing the accident report unless if there 
drive does not have insurance or driver 
licence or alcohol involved . When an 
Injury accident  occur, the police patrol 
go to the accident location to investigate 
the accident then the police investigator 
will fill a different police form  
manually with a narrative part. Three 
copies of the police will distribute  to 
the court , police station and the 
statistics department where the data 
entry using  excel spared sheet  for the 
monthly and annually statistic report. 

 

The electronic data entry (online 
data entry system), in Abu-Dhabi  
(UAE) has been introduced recently, 
when the accident occurs the police 
patrols goes to the accident location, 
then  he entered and send the data 
electronically using his laptop to the 
traffic department. Sometimes the  
information are not completed for some 
reasons, for example, the accident 
investigations are not finished, the rest 
of the information will be entered 
manually to complete the accident 
report. The supervisor will detect the 
missing data that is not being filled and 
the police officer who is involved in this 
accident will be asked to complete the 
information. Abu Dhabi police use 
photographs and some integrated 
computer systems to capture the crash 
site information. 

 Based on the interview it sounds 
that using the GPS and GIS to identify 
the accident location are partially 
introduce recently in GCC countries. 
However,  there is still  insufficient data 

for accident location, although there 
some effort has been done on this area. 
For examples, in Bahrain the main 
concern of  identifying  the accident 
location are for injury accident. In Saudi 
Arabia (Riyadh) also introduced a black 
spot studies based on the road safety 
strategy in Riyadh as well as Abu Dhabi 
and Dubai. Kuwait also conducting  
recently a special case study at Hawally 
area.  

3.4 Missing data and supervision in 
GCC countries. 
Although  there is some kind of 

supervision to double check the  
accident database, the academic 
researchers who were involved in 
accident database studies claimed that  
there is a missing data from the police 
report specially for the accident 
locations. They try their best to track the 
missing and more accurate data from 
other authorities  such as  ministry of  
health to conduct the research.  Also 
they have  concerns about the manual  
process of the data collection which 
could lead to missing data and the 
qualification of the people who 
involved in investigation and entering 
the data.  

3.5 Injury accident definitions and 
linkage in GCC countries. 
The definitions of fatal ,serious 

injury, slight injury accident are not 
clear. Some police officers mentions 
that the hospital will decide what kind 
of injury and there is a police 
investigator representatives in each 
hospital to follow up the accident. Also 
the degree of linkage between the 
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hospital and the traffic department are 
not clear, although Abu Dhabi  police 
claimed that a computerized linkage 
between the hospital and the traffic 
department is implemented recently. 
The definition of fatal accident  which 
is the person who killed outright or who 
dies within 30 days as a result of an 
accident is on the way to apply in the 
gulf country. Bahrain and Saudi Arabia 
claimed that they applied the previous 
fatal accident definition and they 
employ the definition of a person being 
hospitalized for at least 24 hours as a 
serious injury. 

   
3.6 Police accident report assessment 

based on MMUCC. 
The purpose of the  Model 

Minimum Uniform Crash Criteria 
(MMUCC) is to provide  a necessary  
dataset describing  the road traffic 
accident in order to improve road safety 
within the United State and national. 
MMUCC recommends that law 
enforcement should collect 77 of the 
110 data elementals at the accident 
scene, which include  19 crash data 
elements, 30 vehicle data element and 
28 personal data elements, were each 
elements has several attributes. The 
remaining data elements should be 
obtained after linkage to the other state 
data files such as driver history, 
roadway inventory data, hospital and 
other health/injury data. The state which 
comply with a minimum set of 
standardized data element  (about 75%) 
, will receive fund for crash data 
improvement from the National 
Highway Traffic Safety Administration 
(NHSA).    

In this study MMUCC are employed 
to evaluate  the dataset elements from 
the police accident Report for gulf 
countries with taken into consideration 
the different traffic environment  and  
junction and road types and hidden 
items from the narrative part. 

 
Table 1 shows the compliance levels 

and its corresponding percentages  
based on the availability of the 
attributes for each element in the report. 
For example, if the number of the 
attributes that are available in the crash 
report for a specific item is nearly the 
same as in the MMUCC, then this item 
will deserve 3 points of MMUCC 
attributes and the compliance level will 
be called "Full". If the number is more 
than the half of the MMUCC attributes 
then the item will deserve 2 points, 
whereas if the number obtained is less 
than the half of the MMUCC attributes 
then the item will deserve 1 point. If the 
item is not appear or the attributes are 
marginally mentioned the item will 
deserve 0 point.  

 

Table 1 (0-3) points possible per 
element based on attribute matching 
count 

Points 
number 

Compliance 
Level 

MMUCC 
attributes 

(%) 
3 Full 100 
2 High compliance >50 
1 Low compliance <50 
0 No compliance 0 
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Table 2 Assessment of crash, vehicle 
and person data elements for GCC 
countries based on MMUCC 

County   

Bahrain 

C 39/57 
V 53/90 
P 48/84 
Total % 61% 

Kuwait 

C 24/57 
V 39/90 
P 29/84 
Total % 40% 

KSA 

C 29/57 
V 35/90 
P 25/84 
Total % 39% 

UAE 
(Abu Dhabi) 

C 39/57 
V 52/90 
P 47/84 
Total % 60% 

 
Table 2 shows a comparison of data 

elements of crash data element, vehicle 
data elements and personal data 
elements which are represented in the 
table as C, V and P, respectively. The 
table shows that all gulf countries do 
not reach the minimum percentage of 
compliance  required (75%). Bahrain 
and UAE (Abu Dhabi) has more data 
elements in their police accident report  
among the gulf countries nearly 60 %. 
In Kuwait and Saudi Arabia, the 
percentage of compliance were about 
40% . It was observed that Oman and 
Qatar police accident report has the 
lesser details. It was also found form 
Table 2 that the crash date elements has 
the highest percentage except in Kuwait 
where the percentage of the crash data 
elements and vehicle data elements are 
nearly the same. The lowest percentage 
of data elements are the personal data.     

 

3.7  Virginia USA 
In most states, police officers and 

trained investigators complete crash 
reports for nearly all reportable crashes 
that occur on public roads. Many states 
have made significant improvements in 
the quality and timeliness of their crash 
data systems by implementing, in 
addition to other improvements, 
electronic filing of these reports and  
transfer  by police officers. (Monsere  
et. al . 2005).  

 
The  data manger at Virginia 

highway safety office stated that, the  
local and state law enforcement are the 
only personnel that can fill out the 
Police Crash Report. Virginia Traffic 
Records Electronic Data System 
(TREDS) is able to process data specific 
to local capabilities in 3 different ways. 
The majority of the crash reports are 
filled out digitally(72%) using the 
TREDS’s front-end software and are 
submitted to the TREDS system at 
DMV electronically in real-time. In 
addition, a standardized electronic 
submission format will allow any 
agency with an existing RMS (records 
management system) to submit 
electronic transmissions to the central 
repository (TREDS data warehouse).  
This will allow law enforcement 
agencies with an existing automated 
front-end to maintain their process 
while streamlining the submission of 
the data to the DMV via an electronic 
submission.  

 
There are still crash reports filled on 

paper manually and mailed to DMV. 
Any submitted paper report will be 
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scanned into the TREDS system. 
Ultimately, this option is only used to 
back-up the process in the event of 
system downtime. Moreover the 
TREDS has a built-in workflow, 
accessible online, for the supervisors to 
review all accident reports in their 
department before they send them to 
DMV. 
 

Most of the police officers use the 
mapping tool in the front-end to identify 
the exact crash location in addition to 
providing the crash street/route, 
intersection, etc. Some small agencies, 
where the officers don’t have the 
mapping tool to use, will identify the 
crash location by street/route 
information, intersection, secondary 
location, landmark, mile marker, 
railroad crossing id and crash diagram if 
applicable 

 
Users are allowed to access TREDS 

based on an assigned role. Traffic crash 
information stored in TREDS can be 
accessed for several purposes. Law 
enforcement and the assigned DMV and 
VDOT staff are able to use the query 
tool to search for the Virginia Police 
Crash report. This function is not made 
available to the public.  
 

Crash data is available for statistical 
reporting. Many reports are made 
available to local/state agencies and the 
public via the DMV website 
(dmvnow.com). The annual “Crash 
Facts” statistics are published on the 
DMV public website which includes 
156 reports and tables. In addition, 

customized reports and map can be 
created based on the data provided 
fields.  

 
The severity of the Injury type 

should be determined at the discretion 
of the police officer based on a 
combination of the injured person’s 
statement, the observation of the officer 
and EMS personnel. 
 

A fatal injury is an injury that 
results in death within 30 days after the 
motor vehicle crash in which the injury 
occurred.  If the person did not die at 
the scene but died within 30 days of the 
motor vehicle crash in which the injury 
occurred, the Injury Type should be 
changed to ‘1. Dead’ and Date of Death 
provided via revised report.    

   
4- Conclusions and 

Recommendations: 
The findings of this study reveal that 

there is a need to improve the accident 
reporting system and to build up an 
accurate and relevant database in order 
to provide a reliable system for storing, 
retrieving and analysing data.The data 
collection  process are in manual base in 
the most of gulf countries ,therefore, 
missing data and inaccurate information 
are being  expected in this kind of 
process. Also, unclear supervision with 
not well train person for collecting and 
entering the data is an issue that it 
should be taken into consideration. 

 

Gulf countries should take 
advantage of developments in computer 
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technology. Electronic Data Entry 
(EDE) and  Electronic Data transfer 
(EDT) supporting with proper 
supervision (edit checks)  should be 
fully introduced  to minimize missing 
and inaccurate data as well as utilizing 
of the GPS and GIS system to 
identifying the exact accident location 
in order to introduce a proper 
countermeasures, since research in 
many countries has shown that road 
planning, design and engineering 
countermeasures can lead to significant 
accident reductions and reductions in 
the severity of injuries. 

 

Accident police form should be 
updated and have more detailed 
information of the cash data elements, 
vehicle data elements and personal data 
elements, in order to identify the most 
contributory factors of  traffic accident 
and for conducting farther research as 
this was recommended by MMUCC. 

 

The police should give greater 
priority to liaising with hospitals and 
thus collect more detailed and accurate 
information on serious road crash 
victims, i.e. those who are hospitalised. 
The police and the medical profession 
should work together to reduce under-
reporting. 

 

Accident databases should also be 
accessible to researchers, to encourage 
the analysis of accidents and the 
development of a better understanding 
of road safety characteristics and trends. 
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3. Pavement Management for Airports, Roads, 
and Parking lots, M.Y.Shahin,1994, CHAPMAN 
& HAL- New York. 

 

4. Federal Highway Administration web site: 
www.fhwa.dot.gov.
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Abstract— Traffic accidents constitute a serious cause of death 
and injuries in the Kingdom of Jordan. Traffic accidents are also 
considered as a major cause of financial and physical losses. 
Therefore, this causes traffic accidents to have considerable 
threats and negative impacts on the entire society. Although 
previous studies have indicated that risky behavioral 
characteristics of drivers is the main reason behind traffic 
accidents in Jordan, the number and severity of accidents can be 
mitigated and road safety can be improved through better design 
and engineering of road systems. 

This study aims at investigating and analyzing traffic accidents in 
the Governorate of Madaba in Jordan. Data that shows severity, 
location and number of people and vehicles involved in each 
traffic accident in Madaba Governorate for the period from 2007 
until 2011 was collected from the database of the Pubic Security 
Department (PSD) in Jordan.  

Since the identification of accident location is a critical element in 
accidents’ analysis, accidents were located on a GIS (Geographic 
Information System) map of the studied area with support from 
the Royal Jordanian Geographic Centre (RJGC).  Sites with 
large number of accidents and high degrees of accidents’ severity 
will be precisely investigated and studied. The study will produce 
a number of practical solutions aimed at improving the traffic 
safety and reducing the frequency and severity of traffic 
accidents and the associated economic and social costs in the 
governorate. This research will constitute a model for further 
studies that can be conducted in other areas in Jordan and in 
other countries. 

Keywords- traffic accidents; severity of accidents; Geographic 
Information System; traffic safty; economic and social costs. 

I.  INTRODUCTION  
Traffic accidents have an enormous effect on individuals 

and communities as well as on national economies. Large 
number of people is being killed every year on the world’s 
roads. Although, many safety strategies are being widely and 
successfully applied every year in the world countries, results 
from the Global Status Report on Road Safety, prepared by the 
World Health Organization (2013), shows that the overall 
number of people killed in the world due to traffic accidents is 
not reducing during the period between year 2007 and year 
2010: about 1.24 million deaths occur every year. The report 
also indicates that traffic injuries are the eighth leading cause 

of death globally, while they are the leading cause of death for 
young people aged 15 years to 29 years. 

According to World Life Expectancy (2013), the number of 
traffic accidents’ deaths in 2013 is 1,681 people that form 6.67 
percent of the total deaths in Jordan. That makes road traffic 
accidents the fifth largest cause of death in Jordan after 
coronary heart disease, stroke, hypertension and diabetes 
mellitus. In addition to the large negative psychological impact 
on individuals and societies, traffic accidents cost Jordan about 
1.6% loss in GDP (i.e. the financial value of all services and 
goods produced within the country for a year) according to 
Jordan Traffic Institute (2010). 

Traffic accidents are normally caused by factors related to 
the vehicle, the roadway and the driver. Malfunctions in the 
performance of vehicles, inadequate roadway design, deficient 
surrounding environment and risky behavioral characteristics 
of drivers are among the main reasons why accidents take 
place. Records of traffic accidents collected by the Jordan 
Traffic Institute (1995-2010) have showed that a percentage of 
traffic accidents have been caused by road defects, such as 
water puddings, holes, humps, working on the road with no 
signs, high or low sewer covers, wrong super elevation on 
curves, slide slope, defective road edge, road work debris, 
defective road marking, control defects, defective or hidden 
signs, defective guard rails, and others.  

The reports by Jordan Traffic Institute (1995-2010) show 
that, among road defects in Jordan, water puddings, holes and 
humps, seems to cause the largest number of road accidents 
compared to other types of defects. For the records collected 
from year 2006 to year 2010, the percentage of accidents 
caused by roads defects is too low (about 0.05%). The 
accidents recorded as caused by vehicle defects only form 
about 0.8% and the causes of the rest of accidents can be 
related to drivers behaviors and surrounding environmental 
conditions.  

Although, many studies tried to investigate causes of road 
accidents, finding the real cause of accidents can be a complex 
objective. An accident can be caused by a combination of 
several reasons, and the real reason behind the accident can be 
ambiguous. A good engineering design of roads and traffic 
systems can mitigate the effect of accidents causes, and can 
cause a reduction in the number and severity of road accidents. 
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The economic cost of accidents is relatively significant. 
Therefore, many infrastructure upgrades in roadway network 
can be justified by cost benefit analyses. Traffic accidents can 
be classified in terms of severity as fatality, personal injury and 
property damage accidents. Fatal accidents are those involving 
loss of life. Personal injury accidents are those involving 
injuries to drivers and passengers of involved vehicles. While 
property damage accidents are those involving damages to 
vehicles, roadway infrastructure, utilities and traffic control 
devices. A study in 1999 has estimated the costs of fatal, injury 
and property damage accidents in Jordan as JD 63851, 4155 
and 1400, respectively (Al-Masaeid et al., 1999). 

II. OBJECTIVES AND METHODS OF RESEARCH 
This study aims at investigating traffic accidents in the 

Governorate of Madaba in Jordan. Available records about 
accidents in the Governorate of Madaba were collected from 
the database of the Public Security Department (PSD). Records 
about time, severity, location and number of people and 
vehicles involved in traffic accidents are available for each 
traffic accident occurred in Madaba Governorate for the period 
between 2007 and 2011.  

Although, some research papers have investigated the 
reasons of traffic accidents, there is a lack of relating these 
accidents to the characteristic of the location and surrounding 
environment of the accidents. Therefore, this research aims at 
locating traffic accidents on GIS (Geographic Information 
System) and Google Earth maps with support from the Royal 
Jordanian Geographic Centre (RJGC) to study the accidents in 
terms of location and surrounding environment. 

Areas of high number and severity of traffic accidents will 
be located and studied. Cost of accidents and accident severity 
index of chosen areas will be calculated to help in highlighting 
areas of high risk. Depending on the study of Al-Masaeid et al. 
(1999), calculations of cost of accidents will be taken as JD 
63851, 4155 and 1400 for fatal, injury and property damage 
accidents respectively. It is recommended that in future 
research, the cost should be recalculated regarding four severity 
levels of accidents (i.e. fatal, sever injury, slight injury and 
property damage accidents), and for a recent time in Jordan. 
For the purpose of this study, slight injury accidents will be 
regarded or estimated as equivalent to property damage 
accidents. 

Calculations of accidents Severity Index will depend on the 
method adopted by the ministry of housing and public works in 
Jordan (Jordan Traffic Institute, 1995-2010). For the 
calculations of Severity Index, the number of accidents that 
caused fatality, injury or property damages should be counted 
in roads intersection and in road sections with 1 kilometer 
length, within a time period of 3 years. Therefore, only data of 
the years 2011, 2010 and 2009 will be used in this study. Then, 
Equation (1) should be used to calculate the required severity 
index. Traffic Black Spots have been defined by the ministry of 
housing and public works in Jordan to refer to the areas where 
the severity index is greater than 10 units in the capital or 5 
units elsewhere. In future research it is recommended to 
enhance the equation to take into consideration the four 
severity levels of traffic accidents. 

 푆푒푣푒푟푖푡푦	퐼푛푑푒푥 = 3 × 퐹푎푡푎푙	퐴푐푐푖푑푒푛푡푠 + 1 ×
퐼푛푗푢푟푦	퐴푐푐푖푑푒푛푡푠 +	 × 푃푟표푝푒푟푡푦	퐷푎푚푎푔푒	퐴푐푐푖푑푒푛푡푠  

Possible causes associated with accidents were determined 
based on documented reasons and accident site investigations 
for the sites with considerable number and high severity of 
accidents.  This study, with sufficient records of accidents 
identifies causes of traffic accidents and may initiate a number 
of subsequent studies to further determine possible 
implementations of strategies to reduce the frequency and 
severity of traffic accidents and the associated economic cost. 
The researchers incorporate environmental impacts of traffic 
accidents in this research study. This study will produce a 
number of practical implementations aimed at improving the 
traffic safety in the governorate. Furthermore, this study will 
constitute a model for further studies to be conducted in other 
areas of the kingdom. 

III. ANALYSIS OF TRAFFIC ACCIDENTS IN 
MADABA 

Madaba governorate is located in central Jordan in the 
south-west of the capital Amman. It is well known nationally 
and internationally of its heritage and religious places. It is one 
of the most important places for tourism in Jordan that 
encouraged the Jordanian government to provide more 
attention to the safety of traffic and roads of Madaba.  

From year 2004 to year 2010, traffic accidents caused 
killing of about 5,585 people and severely injuring of about 
17,919 people in Jordan. In Madaba governorate, about 136 
people were killed and about 515 people had severe injuries for 
the same time period, which constitutes about 2.4 and 2.9 
percent of the whole number of dead and severe injured people 
of the traffic accidents in Jordan, respectively. 

Data and information were collected from the Public 
Security Department (PSD) and Jordan Traffic Institute that 
show locations and severity of traffic accidents in Madaba 
Governorate. The total number of traffic accidents categorized 
according to their types during the period from 2004 to 2010 in 
Madaba Governorate is presented in Figure 1. The number of 
casualties categorized according to their severity during the 
same time period is presented in Figure 2. 

 
Figure 1.  Number of Traffic Accidents in Madaba Governorate and Their 

Types 

Identify applicable sponsor/s here. If no sponsors, delete this text box. 
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Figure 2.  Number of People Casualties in Madaba Governorate and Their 

Severity 

Data that includes records about location, severity and 
number of vehicles and casualties involved in traffic accidents 
for the time period from 2007 to 2011 were collected from the 
database of the Public Security Department (PSD). For the 
purpose of this study, only the last three years of the period (i.e. 
2009, 2010 and 2011) will be used. The three year time period 
is more appropriate for the purpose of this study; to present the 
data on Google earth maps and to conduct the required 
calculations for accidents cost and severity index. The number 
of recorded accidents in Madaba that is used and processed in 
this study is show in Table 1. Only a small number of these 
records contain errors and so cannot be processed. 

TABLE I.  NUMBER OF RECORDS PROCESSED IN THIS STUDY 

Year 
Number 

of 
Accidents 

Vehicles 
Involved 

Fatal 
Accidents 

Sever 
Injury 

Accidents 

Slight 
Injury 

Accidents 

Property 
Damage 

Accidents 

2009 1499 2903 11 30 183 1275 

2010 1517 2948 9 54 125 1329 

2011 1857 3581 11 50 164 1632 

∑ 4873 9432 31 134 472 4236 

 

The data was processed by using Geographic Information 
System (GIS) and Google Earth (GE) maps and the resulting 
map of Madaba governorate is shown in Figure 3. 

 
Figure 3.  Traffic Accidents in Madaba Governorate 

In this paper five examples of the dangerous areas in 
Madaba are presented which are shown in Figure 4. Clearer 
images of the five chosen areas with the location, severity, and 
number of involved casualties and vehicles for the traffic 
accidents in years 2009, 2010 and 2011 are presented in 
Figures 5 to Figure 9.  

 
Figure 4.  Five Dangerous Areas in Madaba 

 
Figure 5.  Area (1): Highway of 1 km Lenghth Section  near Residential 

Buildings, and Includes U-turn Section 
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Figure 6.  Area (2): Roundabout with Car Parking Near it 

 
Figure 7.  Area (3): A Dangerous Intersection in Madaba 

 
Figure 8.  Area (4): A Dangerous Roundabout with Many Intersecting Roads 

 
Figure 9.  Area (5): Roads Intersection that is not Perpendicular 

Table 2 shows the numbers of traffic accidents with an 
estimation of severity index and cost of accidents in the five 
locations. For the purpose of this study, the calculations in 
Table 2 will regard slight injury accidents as equivalent to 
property damage accidents. The results show that the five 
chosen areas can be regarded as Black Spots. The results show 
that it is important and urgent to enhance these areas and 
provide traffic solutions. 

TABLE II.  SEVERITY INDEX AND COST OF ACCIDENTS FOR FIVE AREAS 
IN MADABA 

 
 

IV. DISCUSSION AND CONCLUSIONS 
Site investigations for a number of areas with high 

calculated cost of accidents and accident severity index were 
conducted. Problems that may have negative impacts on traffic, 
such as increasing the number, severity, vehicles involved or 
casualties of traffic accidents are listed for each site location. 
Main problems that is common in the studied accidents areas 
can be summarized as follows: 

 The existence of a number of U-Turn intersections in 
high speed highways with no warning signs or 
sometimes with no special lane for turning or humps 
for speed reduction. 

 Most of the roundabouts have no warning signs, signs 
for giving the priority to vehicles in the roundabout, 
signs for preventing vehicles from parking near the 
roundabout. 

Fatal
Sever 
Injury

Slight 
Injury

Property 
Damage

Fatal
Sever 
Injury

Slight 
Injury

Property 
Damage

Fatal
Sever 
Injury

Slight 
Injury

Property 
Damage

1 0 3 13 36 0 2 4 33 1 0 2 13 41.7 226,026
2 1 0 5 17 0 1 10 50 0 1 1 32 43.3 233,161
3 0 0 3 6 0 0 0 13 0 0 3 25 16.7 70,000
4 0 0 5 35 0 1 4 44 0 0 0 5 32.0 134,355
5 0 0 1 9 0 0 1 23 0 0 1 14 16.3 68,600

Area Number
Severity 

Index

Cost of 
Accidents 

(JD)

2009 2010 2011
Number of Accidents
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 Many of the roads intersections have no stop signs, 
warning signs, giving priority signs or speed reduction 
humps. Also, there is a lack of mechanism to prevent 
vehicles from parking near roads intersections. 

 There is a need to improve police enforcement in areas 
with traffic problems. 

 There is a need to improve the paint marking for all 
roads in Madaba Governorate. 

 There is a need to improve roads sidewalks and 
pedestrians crossing areas. 

 There is a need for police enforcement or traffic 
cameras in high speed highways, cross sections, 
roundabouts, and near cross sections with traffic 
signals. 

 There is a lack of warning signs and speed humps in 
highways which are crossing near residential buildings. 

 

V. RECOMMENDATIONS FOR FUTURE WORK 
This research study is conducted to provide a useful model 

to encourage researchers to study traffic problems and provide 
possible solution for other areas in Jordan. However, as with 
any other research, recommendations and suggestions for 
further investigation, improvement and refinement of the study. 

This study provides a platform that should be transformed 
into an action plan for the enhancement of traffic system in 
Madaba Governorate, and to improve safety and reduce 
number and severity of traffic accidents. Also, more efforts can 

be conducted in future to study the different improvements in 
traffic systems and their effect on traffic safety. 

More studies should be conducted to recalculate the recent 
expected cost of traffic accidents according to the 4 severity 
levels of fatal, sever injury, slight injury and property damage 
accidents. More efforts are also required to improve the 
equation used to calculate severity index of traffic areas to take 
into consideration the four severity levels of accidents.  

In this research, it is recommended to encourage police 
officers, and to enhance their awareness about the importance 
to precisely record the detailed information about each traffic 
accident. Information should include characteristics of traffic 
accidents such as location and coordinates, accident reason and 
shape, road shape, defects, condition and environment, number 
of involved casualties and vehicles, speed limit, light and 
weather condition, and severity level of accident. This will help 
researchers in Jordan to conduct studies with enhanced quality 
and help to provide better results and solutions for traffic 
problems. This will encourage improving the implementation 
and application of traffic solutions for safer traffic in Jordan. 
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Abstract 
 
The growth rate in motor vehicle in 
Amman, the capital of Jordan, has 
been and is projected to vastly 
exceed the growth in new roads, 
causing traffic congestion which is 
expected to rise even further over 
the next several decades. As a 
result, urban residents and 
commuters are confronting 
increasingly unbearable traffic 
conditions, a situation that will only 
get worse without radical reform.  
Among the many strategies that 
have been implemented to combat 
traffic congestion, road pricing and 
driver charging strategy is the one 
which have demonstrated a serious 
ability to make a lasting impression 

and is therefore investigated in this 
paper to evaluate the acceptability 
of implementing such a strategy in 
Amman’s urban road network. 
Predesigned questionnaires were 
used to assess the level of 
acceptability of individual road 
users and public firms for 
introducing a road charging scheme 
on the use of congested roads. The 
results were encouraging and 
showed that more than half of the 
respondents support the 
implementation of such a scheme in 
order to combat traffic congestion. 
 
Key Words: Acceptability, Road 
Pricing, Traffic Congestion, Traffic 
Demand, Jordan. 
 

1. Introduction 
 

The growth rate in motor vehicles 
in Amman, the capital of Jordan, 
has been and is projected to vastly 
exceed the growth in new roads. 
Among the many strategies that 
have been implemented to combat 
traffic congestion, road pricing and 
driver charging strategy is the one 
which has demonstrated a serious 
ability to make a lasting 
impression( Jadaan, K., 2013). 
The public’s response in general 
has almost always been negative at 
the pre-implementation stage. 
However, this response tends to 
differ across time and was found to 
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increase after experiencing the 
schemes in practice to the extent 
that a current scheme may gain 
support for further extension 
(Tretvik, 2003). 
Studies have shown that the 
trucking industry and automobile 
associations have generally 
opposed road pricing, although this 
may change as urban congestion 
increases( Regan, 2000; Walker, 
2011). 
Acceptability of a road charging 
system is the first step for it to be 
implemented.  Two surveys were 
carried out to investigate the 
acceptability of road pricing in 
Jordan; one referring to the general 
public and the other referring to 
firms. 
 
2. Methodology 
 
The acceptability of road pricing 
was studied in order to evaluate its 
potential application in Jordan. 
Data were collected through 
conducting two surveys using 
predesigned questionnaires to 
investigate the acceptability of road 
pricing on congested roads among 
the general public and firms.  
The surveys involved distributing 
questionnaires to random samples 
which include 300 respondents 
from the general public and 35 
firms. 

The first survey involved 
distributing a predesigned 
questionnaire to a sample of the 
general public in various parts of 
Amman city. The first part of the 
questionnaire contained background 
questions about respondents 
concerning gender, age, level of 
education, occupation, income, 
holding of driving license, and 
owning a private car.  
The second part deals with some 
general questions about the 
respondent’s opinion of the current 
traffic situation in Amman. Within 
the third part, questions related to 
the problem awareness were 
presented. The last part of the 
questionnaire focused on the 
reactions and opinions of the 
respondents towards the 
acceptability of road pricing. 
The questionnaire prepared for the 
second survey was distributed 
among firms in Amman in order to 
investigate their acceptability of 
implementing road charges on 
congested roads. The first part of 
the questionnaire contained 
questions about the size and the 
activities of the fleet owned by the 
firm including the number of trucks 
and buses, number of trips, and the 
location of the delivery destination. 
The second part contained some 
details of the traffic congestion. The 
last part focused on the 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

76



 

acceptability of implementing road 
pricing system among firms.  
The survey obtained the following 
information: 
 1. Problem awareness. 
 2. Perceived effectiveness. 
 3. Acceptability. 
Problem awareness was measured 
with six questions regarding 
congestion .Responses were coded 
from 1-3 (No problem, Minor 
problem, and serious problem). 
Perceived effectiveness was 
measured with 4 questions 
regarding, noise, air pollution and 
traffic safety while acceptability 
was measured with a single 
question asking respondents to 
evaluate from 1-3 the decision to go 
ahead with implementing road 
pricing on congested roads in 
Amman. 
   
 
3. Acceptability among the 
General Public 
The general public sample 
characteristics are summarized in 
Table (3.1), with 75% male, and 
33% are between18 and 23 years of 
age. The educational level of the 
respondents was 14% secondary 
school, 70% holding Bachelor 
degree and 16% are with a 
postgraduate degree. About 65% of 
the drivers own a private vehicle 
and 42% of them have had their 
driving license for more than 6 

year. The income of 80% of the 
respondents is less than 599JD 
(846.05$). Only 3% of the 
respondents are.                                                               
 
The satisfaction level of traffic 
congestion as perceived by the 
respondents is shown in Table 
(3.2). It can be seen that 85% of 
respondents are not satisfied with 
the level of traffic congestion. This 
reflects the impression that the level 
of traffic congestion in Amman is 
worse than expected which 
highlights the need for a strategy to 
be implemented to combat traffic 
congestion and increase the 
potential of applying such a 
strategy. 
 
 
 
 

Table (3.2):  Responses to Traffic 

Congestion 

 

Congestion 

problem 
Measure Satisfied Moderate 

Not 

satisfied 

Range of 

satisfaction 

with the 

level of 

congestion  

  

Frequency 10 36 254 

Percentage 3% 12% 85% 
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The traffic congestion according to 

the classification of the road is 

shown in table (3.3). It can be seen 

that 53% (158), 6 %( 19) of 

respondents faced traffic congestion 

on major and minor roads 

respectively.  While 41% (123) of 

respondents stated that they face 

traffic congestion both on major 

and minor roads. This reflects on 

the answer of the next question 

which stated that 62% of 

respondents consider that traffic 

congestion in Amman is a serious 

problem as shown in table (3.4). 
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Table (3.1): Sample Size Characteristics 

*JD 1= $ 0.71 

 
 
 

Sample Characteristics  

 

Gender Age –range 
Educational 

Level 

Occupation Income 
In JD* 

Driving License 

Owners 

Private 

Car 

Owners 

Percentage/ 

each group 
Male(75%) 

Female(25%) 

18-23 (33%) 

24-29 (24%) 

30-35 (12%) 

36-39 (7%) 

40-45 (7%) 

46+ (17%) 

 

 

Secondary 

(14%) 

BA (70%) 

BA+ (16%) 

Employee (60%) 

Free Lancers (9%) 

Public Driver (1%) 

Student (27%) 

Unemployed (3%) 

< 300 (30%) 

300-599 (50%) 

600-899 (10%) 

900+(10%) 

< 2years (27%) 

2-3 years (19%) 

4-5years (12%) 

6 years + (42%) 

 

Yes (65%) 

No (35%) 
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Table (3.3): The Level of Traffic 
Congestion According to The type of 

Roads 
 

Type of 

Roads 

Number of 

Respondents 
Percentage 

Major 

Roads 
158 53% 

Minor 

Roads 
19 6% 

 
When asked on which part of the 
road network they encounter traffic 
congestion, 53% of the respondents 
reported that this happens only on 
major roads and 6 % said they face 
traffic congestion only on minor 
roads while 41% of respondents 
stated that they face traffic 
congestion on both major and 
minor roads. These results are 
illustrated in table (3.4). 
 
 
 
 
 
 
 
 
 
 
 
 

Table (3.4): The level of traffic 
congestion in Jordan 

 
 

According to the effect of traffic 
congestion on travel time, delays 
and economic losses, 47% of 
respondents stated that this traffic 
congestion causes delays. 47% of 
respondents stated that this delay is 
sometimes causes economic losses 
as shown in table (3.5). 
 

Table (3.5): Effect of Traffic 

Congestion 

 

 

Level 

of 

Traffic 

Conges

tion in 

Jordan  

Measure Simple 

Problem 

Medium 

Problem 

Serious 

Problem 

Freq. 52 63 185 

% 17% 21% 62% 

 Measure Great 

effect 

Neutral No 

effect 

Delay 

and 

traffic 

time 

Frequency  142 135 23 

Percentage 47% 45% 8% 

Economic 

Losses 

Frequency  66 141 93 

Percentage 22% 47% 31% 
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Respondents were asked to select 
the appropriate solution to alleviate 
traffic congestion, as it shown in 
Table (3.6). It can be seen that 
improving public transportation 
system was the first option  with 
62% (186)  respondents , road 
pricing was the second alternative 
option with 21%(63) . Car pooling 
was the third option with 17 %( 51). 
 
Table (3.6): Options to alleviate traffic 

congestion 

 
Options to 

alleviate traffic 

congestion 

No. of 

Respondents 
% 

Improving 

Public 

Transportation 

186 62% 

Car Pooling 51 17% 

Road Pricing 63 21% 

 
This gives an indication that 
implementing road pricing in a 
small-scale will increase the 
acceptability of road pricing 
especially if the revenues were used 
to improve the public 
transportation. At a certain point of 
time this road pricing scheme could 
be stopped if the desired objectives 
were achieved. 

According to the effect of road 
pricing on traffic congestion, level 
of traffic safety, and air and noise 
pollution, respondents stated that 
there would be a medium effect of 
40%, 43%, and 42%respectively for 
each measure as shown in Table 
(3.7). 
 

Table (3.7): Effect of RP on 

Congestion, Noise, and Air Pollution 

 Measure 
Great 

effect 
Medium 

No 

effect 

Effect of 

RP on the 

Level of 

Traffic 

Congestion 

Frequency 80 120 100 

Percentage 30% 40% 33% 

Effect of 

RP on the 

Level of 

Traffic 

Safety 

Frequency 97 129 74 

Percentage 32% 43% 25% 

Effect of 

RP on the 

Level of 

Air and 

Noise 

Pollution 

Frequency 109 126 65 

Percentage 36% 42% 22% 
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The results of the analysis indicate 
severe lack of awareness among 
drivers of the impact of congestion 
although 85% of the respondents 
admit the existence of significant 
delay yet a substantial proportion of 
them 45%believe that such a delay 
does not have a negative economic 
impact on them.  
Regarding the acceptability of a 
road pricing scheme, about half 
45% of the respondents do not 
accept implementing any form of 
scheme, and consider it as an 
additional form of taxes as shown 
in Table (3.8). 
 
 
 
 
 
 

Table (3.8): The Acceptability of 

Implementing Road Pricing 

 

 
 
 

4. Acceptability among Firms 
 
The collected data on the 
acceptability of road pricing among 
firms were analyzed and the results 
are illustrated in table (5.9) which 
shows that the majority of firms 
(66%) have a fleet of less than 10 
vehicles, and only 3% of them have 
more than 50 vehicles. The travel 
characteristics of these fleets are 
shown in Tables (4.1) and (4.2). It 
can be seen that 34% of firms have 
less than 10 trips per day, 69% of 
them have their delivery destination 
located in congested areas. This 
high percentage of the number of 
trucks and their trips indicate their 
impact on traffic congestion and 
being one of its main causes. 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 

The 

Acceptability of 

Implementing 

Road Pricing  

Measure Acceptable Neutral Not Acceptable 

Freq. 126 39 135 

% 42% 13% 45% 
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Table (4.1): Truck Ownership of the 

Studied Firms 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table (4.2): Location of the Delivery 

Destinations 

Locations Percentages 

In congested 

roads 
69% 

Out of 

congested roads 
31% 

 
 

 

 

 

Table (4.3): Number of Daily Trips  

Number of Trips 

/Day 

Percentages 

Less than 10 34% 

10-19 29% 

20-29 11% 

30-39 3% 

40-49 6% 

50 & above 17% 

 
The analysis shows that 51% of 
trucks encounter traffic congestion 
on major roads, 17% on minor 
roads, and 31% encounter traffic 
congestion everywhere as shown in 
Table (4.4). This indicates that 
traffic congestion is mainly 
concentrated on major roads which 
may assist in deciding to impose 
road pricing only on those roads. 
 
 

Number of 

Trucks 

Percentages 

Less than10 66% 

10-19 14% 

20-29 11% 

30-39 6% 

40-49 0% 

50 and above 3% 
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Table (4.4): The Level of Traffic 

Congestion According to The type of 

Roads 

 
Investigation into the satisfaction of 
firms from the level of traffic 
congestion reveals that 91% of 
respondents are not satisfied with 
this level while only 3% of the 
responding firms are satisfied with 
the level of traffic congestion. 
These results are shown in Table 
(4.5). 
 
 
 
Table (4.5): Satisfaction of the Level of 

Traffic congestion   

 

 
 
66% of the responding firms stated 
that traffic congestion affect the 
time of delivery which causes delay 
.71% of the firms stated that they 
would change the times of 
delivering goods to be out of the 
peak hours  and ranked this as the 
first choice to reduce traffic 
congestion .  
According to the effect of road 
pricing in reducing traffic 
congestion and air and noise 
pollution, half of firms stated that 
this effect will be weak as shown in 
table (4.6). This result conveys a 
message that the principle of road 
pricing is still not well understood 
and respondents do not realize the 
environmental impacts of traffic 
congestion. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Type of 

Roads 

Number of 

Respondents 

Percentage 

Major Roads 18 51% 

Minor Roads 6 17% 

Both 11 32% 

 

Range of 

satisfaction with 

the level of 

Traffic 

congestion   

Measure Very 

Satisfied 

Satisfie

d 

Not 

Satisfied 

Frequency 1 2 32 

Percentage 3% 6% 91% 
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Table (4.6): The effect of RP on 

Congestion, Noise, and Air Pollution 

 

 
Regarding the acceptability of 
implementing of road pricing in 
Amman, table (4.7) shows that 54% 
of the responding firms stated that 
applying any form of road pricing 
scheme is not acceptable. Less than 
a third reported their acceptance of 
such an application. 

Table (4.7): The Acceptability of 

Implementing Road Pricing 

 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 Measure Great effect neutral No effect 

Effect of RP on the 

Level of Traffic 

Congestion 

Frequency 5 14 16 

Percentage 14% 40% 46% 

Effect of RP on the 

Level of Traffic 

Safety 

Frequency 5 16 14 

Percentage 14% 46% 40% 

Effect of RP on the 

Level of Air and 

Noise Pollution 

Frequency 5 13 17 

Percentage 14% 37% 49% 

 

The 

Acceptability of 

Implementing 

Road Pricing  

Measure Acceptable Neutral 
Not 

Acceptable 

Frequency 10 6 19 

Percentage 29% 17% 54% 
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It is very interesting to note that 
while the majority of the 
responding firms admit that there is 
a high level of traffic congestion 
that causes delay to the extent that 
it affects the punctuality of their 
delivery, half of these firms do not 
accept imposing road charges to 
relief this congestion and would 
change their schedules of delivery 
in order to avoid paying charges. 
 
 
 
5. Conclusions and 
Recommendations 
The results of data analysis 
revealed that despite admitting the 
seriousness of traffic congestion, 
45% of respondents from general 
public stated that applying road 
pricing in Amman is not acceptable, 
while the percentage was 54% in 
the case of firms’ responses as they 
all  consider it an additional tax and 
a travel constrain. 
More research is needed to 
recommend a strategy to set prices 
that reasonably match the demand 
and supply among the thousands of 
vehicles that use the finite road 
space, an economical principle that 
has long ordered the provision of 
services of our daily lives but has 
been precluded in the area of road 
use.  

 It is realized that road pricing alone 
will not solve all the urban problem 
and should viewed as a part of a 
broad suit of measures designed to 
achieve a sustainable transportation 
system. 
Based on the results of data analysis 
it is recommended that the devised 
road pricing strategy with a 
provision of a high quality efficient 
public transportation system which 
many of individual respondents 
reported that they would use as an 
alternative to paying road charges. 
 
 
Further wider research that 
incorporates larger sample size, 
firms in particular and more 
detailed questionnaires are 
recommended in order to draw 
more definite conclusions regarding 
the acceptability and potential 
application of road pricing in 
Jordan. 
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Abstract 

 
Rising global energy demand and the scarcity of energy resources as well as the natural disasters 
continuously threaten the energy supplies and prices. As a result, the Jordanian government has 
mandated all government agencies to reduce energy consumption in order to minimize 
dependence on foreign energy supplies and reduce the energy bill. Concerns over carbon 
emissions and environmental impacts has also been expressed in Jordan.  
 

Significant part of the energy bill is due to lighting. Therefore, one solution is to invest in 
renewable energy lighting technologies, such as photovoltaic road lighting systems (PVRLS), in 
order to reduce the energy consumption and gas emission for exterior roadway lighting 
applications. This research compared such lighting technologies with the traditional electrical 
road lighting system (TRLS) at Amman-Airport Highway (AAH); as a case study to assess the 
economic and environmental consequences associated with each technology over the product 
life-cycle. This study utilizes system Life-Cycle  Cost software BLCC5 to perform the analysis. 
The PVRLS technology showed moderate economic savings and less environmental impact over 
the TRLS technology. The overall economic life-cycle costs for PVRLS lighting are 21% less, 
than TRLS lighting.  

 

The net saving for applying this study nationally across Jordan is calculated to be approximately 
$243 million, and this number is expected to increase with the increasing of oil prices globally, 
also decreasing in PVRLS initial and replacement costs and scarcity of TRLS replacement parts 
in the future.  
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1. Introduction 
The impetus of this research is the hypothesis that photovoltaic lighting systems is a must in the 
current time, an extensive literature survey has been conducted in the field of Solar System 
engineering management related to street lighting. However, with rising energy prices and a call 
for all government organizations to reduce energy consumption, these lighting technologies need 
to be explored in more details. 
Today’s energy markets are unstable due to high global demand, natural disasters and political 
conflicts, which combine to threaten energy supplies and prices. The rate at which the world is 
consuming energy overall is on the rise; in Jordan, the demand has long been in rapid rising. 
Renewable resources may help alleviate energy concerns; however, the current renewable energy 
infrastructure is not strong or robust enough to meet the energy demands needed to sustain 
current needs. In response, Jordan government has mandated from all government agencies to 
reduce their energy consumption to minimize energy bill and decrease environmental pollution. 
 
 One way to minimize energy consumption is to invest in new technologies for exterior lighting, 
such as roadways and parking lots. Upgrading the street lighting infrastructure would not only 
improve energy efficiency, but it would also reduce costs over time and provide improved driver 
and pedestrian visibility and safety [1]. 
 

There are many areas within the lighting industry for potential energy savings; however, this 
research specifically targets outdoor street lighting for Amman Airport highway (AAH) as a case 
study. According to the Lighting Division in Greater Amman Municipality (GAM), the GAM  
paid over $6.8 million dollars for Exterior road lighting bill in 2011 [2], informed that the 
government supports the electricity sector by 160% [3], Where the real value of the street 
lighting bill for the city of Amman only is about $17.68 million dollar in year 2011. Which 
constitutes a significant burden on the government,  GAM, national electricity company and 
independent municipalities. Minister of Finance  year 2012 suggested programmed street lights 
switch off due to the large increase in power bill and the governmental support of electricity 
generation, Which costs the budget 5 million JD daily after the stoppage  of the Egyptian gas [4]. 
 

With a focus on more energy-efficient infrastructure, newer lighting technologies have emerged 
in the market. One of these technologies are light-emitting diodes (LEDs) lit by Solar panels 
lighting system. These technologies claim to last longer and reduce energy consumption by up to 
95% in the sunny days [5], and this generates significant savings to both the Jordanian's 
government and citizens, a like lighting system, have also reduce oil consumption and mercury 
content which reduce hazardous wastes disposal fees. 
 

The dramatic increase in the oil prices, global warming and CO2 emission have stimulate the 
concept of this research. There need to be a concrete study that compares current outdoor 
lighting fixtures with newer technologies from both an economical and environmental 
standpoint. Most studies only focus on power consumption or environmental pollution resulting 
from that power consumption, but no studies have been conducted to determine the 
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environmental impact of newer technologies. There are many reports claim that: one technology 
is better than another for various reasons, yet it is difficult to determine the truth versus a biased 
opinion as most of these studies come from the manufacturers themselves. Therefore, a study 
using data from a nonbiased source would help not only the GAM to decide which technology to 
be utilized, but also provide insight into other local municipalities and governmental branches 
across Jordan, Amman Airport highway (AAH) has been selected as a case study for the sake of 
this project as it is the most recent route in Jordan designed by the international road codes, that 
is to be extended farther afield to national scale. 
 

Two research objectives addressed in order to help localities and regions in Jordan to realize the 
benefits from renewable energy planning activities that stresses upon  energy conservation and 
efficiency, increase the deployment of distributed generation resources, improve reliability, and 
promote renewable energy sources, these objectives are:- 
 

A. Identify the cost effectiveness of the traditional road lighting based on AASHTO design guide. 
Then identify the different types of photovoltaic (PV) solar lighting that has been used in some 
countries then compare the cost effectiveness with the traditional system. 
 

B. Assess and evaluate the environmental impact of the traditional road lighting system and the 
photovoltaic (PV) road lighting system,  to develop the sustainable and environmental systems 
and methods.  
 

2. Literature Review 
Today’s energy markets are unstable due to high global demand, natural disasters and Political 
conflicts, which combine to threaten energy supplies and prices. The rate at which the world is 
consuming energy overall is on the rise; in Jordan, the demand has long been in rapid rising. 
Renewable resources may help alleviate energy concerns; however, the current renewable energy 
infrastructure is not strong or robust enough to meet the energy demands needed to sustain 
current needs. In response, Jordan government has mandated from all government agencies to 
reduce their energy consumption to minimize energy bill and decrease environmental pollution. 
One way to minimize energy consumption is to invest in new technologies for exterior lighting, 
such as roadways and parking lots. Upgrading the street lighting infrastructure would not only 
improve energy efficiency, but it would also reduce costs over time and provide improved driver 
and pedestrian visibility and safety [1]. 
  

According to the Lighting Division in Greater Amman Municipality (GAM), the GAM  paid 
over $6.8 million dollars for Exterior road lighting bill in 2011 [2], informed that the government 
supports the electricity sector by 160% [3], Where the real value of the street lighting bill for the 
city of Amman only is about $17.68 million dollar in year 2011. Which constitutes  a significant 
burden on the government, GAM, national electricity company and independent municipalities. 
Minister of Finance  year 2012 suggested programmed street lights switch off due to the large 
increase in power bill and the governmental support of electricity generation, Which costs the 
budget 5 million JD daily after the stoppage  of the Egyptian gas [4]. 
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The most common technologies used for the lighting of roadways and parking lots are High 
Pressure Sodium (HPS) lamps lit by traditional electrical lighting system. These technologies 
provide sufficient luminous for the assigned task by focusing the light downward toward the road 
surface and allowing light to spill over sidewalks and in between the other light posts in a 
parking lot or along the roadway. These technologies have been in use for quite some time and 
are popular due to the associated efficiency compared to older lighting technologies, such as 
mercury vapor fixtures [5]. 
 

With a focus on more energy-efficient infrastructure, newer lighting technologies have emerged 
in the market. One of these technologies are light-emitting diodes (LEDs) lit by Solar panels 
lighting system. These technologies claim to last longer and reduce energy consumption by up to 
95% in the sunny days [6]. Jordan is amongst the highest in the world in dependency on foreign 
energy sources, 97% of the country's energy needs come from imported oil and natural gas from 
neighboring Arab countries [7]. This complete dependence on foreign oil imports consumes a 
significant amount of Jordan's GDP. This led the country to plan investments of $15 billion in 
renewable and nuclear energy. To further address these problems, The National Energy Strategy 
for 2007-2020 created projects within the next decade to boost reliance on domestic energy 
sources from 4 % to 40 % by the end of the decade [8], Figure (1) below, shows the expected 
extreme rapid demand at primary energy in Jordan for year 2007 to year 2020. 

 

 
Figure 1. Shows the expected growth of primary energy demand in 1000 TOE (tone of oil 

equivalent) from year 2007 to year 2020 according to the National Energy Strategy [8] 
 

The expected demand for primary energy amounts is 15 million tons of oil equivalent in 2020 
compared to 7.5 million tons of oil equivalent in 2008 [8]. 
Renewable energy sources are fundamentally different from fossil fuel or nuclear power plants 
because of their widespread occurrence and abundance. The primary advantage of many 
renewable energy sources are their lack of greenhouse gas and other emissions in comparison 
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with fossil fuel combustion. Therefore, electrical grid storage was one of the most important 
storage methods advocated by the renewable energy community. With this method, it is possible 
to deeply exploit these resources in its 24-hour, 7- day cycle by using peak load equipment to 
meet the daily peaks. In the present work, a special emphasis is devoted to the assessment of 
renewable energy potential and the possibility of its deep exploitation in Jordan. This includes 
studying the potential of renewable energy, the variety of load patterns, their characteristics and 
matching schemes with renewable sources production [9]. 
 

Jordan is blessed with an abundance of solar energy which is evident from the annual daily 
average solar irradiance (average insulation intensity on a horizontal surface) ranges between 4-7 
kWh/m², which is one of the highest in the world. This corresponds to a total annual of 1400-
2300 kWh/m². The average sunshine duration is more than 300 days per year [6]. 

 

Figure 2.  Shows the five solar regions of Jordan according to the solar atlas of Jordan [6] 
 

   According to the solar atlas of Jordan  , Figure (2) shows that, Jordan divided into five regions 
: 

 The southern region representing Ma’an and Aqaba area, which has the highest solar 
isolation in the country and has the lowest values of diffuse irradiance. The annual 
average daily global irradiance is between 6-7 kWh/m².  

 The eastern region representing the semi desert and the (badia) remote area with an 
annual daily between 5.5-6 kWh/m².  

 The middle region with an average global irradiance at 4.5 – 5 kWh/m², but with the 
highest annual daily average of diffused irradiance.  

 The northern region with the annual daily average global irradiance of about 5.5kWh/m2. 
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 The western region representing the Jordan Valley area, situated below sea level and with 
an average annual daily global irradiance below 4.5 kWh/m². 

Table 1.  Shows the Clear days and sunshine hours average numbers in Jordan [6]. 
 

Month Average No. of  clear days Average No. of hours of sunshine 
January 20 232 
February 22 260 
March 24 296 
April 25 275 
May 25 348 
Jun 30 405 
July 31 380 
August 31 390 
September 29 334 
October 25 280 
November 26 264 
December 22 233 

 
 

Solar energy is widely used for water heating especially in the domestic sector (25% of 
households), and solar energy is used for electricity generation in several stand-alone 
applications using Photovoltaic systems. Several applications as water pumping, 
telecommunications, water desalination and lighting for remote sites have been successfully 
introduced. 
3. Method of study 
The methods used in this study begins with technical specifications for both traditional electrical 
road lighting system and proposed PV road lighting system to match the general requirement of 
the Greater Amman Municipality (GAM) lighting division at Amman Airport Highway, brief 
overview about life-cycle analysis and the boundaries drawn for the analysis. Then the methods 
of Life-Cycle Cost Analysis Assessment are explained. Calculations, software, and information 
necessary for these methods will be discussed along with the preliminary setup for each analysis. 
The AASHTO design criteria has been used for Traditional Road Lighting System (TRLS) at 
AAH. Lighting components can be grouped based on their functions. They are generally 
described as the structural systems, optical systems, and electrical systems. The items covered 
include, Amman Airport Highway Traditional Road Light System: [10]. 
The USAID provides an Energy efficient street lighting guidelines, which explained the road 
lighting lamp technology and the recommended level of luminaries [11].   
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The proposed Photovoltaic Road Lighting System (PVRLS) at AAH based on typical operating 
condition is from dawn to dusk with optional dimming possibility for 50% of the time to save 
energy. The system must be able to operate for a maximum of 3 to 5 nights even with an overcast 
weather of consecutive 3 days. The system is composed of the following general system 
component which are listed as: Light-Emitting Diode (LED) Street Light (200 W), Solar panels, 
Charger/controller, Gel battery(s), Equipment storage housing and Wire harness. [12] 
 

3.1 Life-Cycle Analysis 
A life-cycle analysis involves evaluating the environmental effects of a product, process, or 
activity holistically, by looking at the entire life-cycle of the product or process from raw 
materials extraction through consumer use [13]. The product life-cycle typically has five stages. 
The first stage involves extracting raw materials from natural earth, such as iron ore, oil, wood, 
sand, and water. The next stage is processing those raw materials into finished materials, such as 
oil into plastic and iron ore into steel. The third stage is to turn those materials into a final 
product. This stage encompasses both turning materials into parts and assembling those parts into 
a final product. The fourth stage is the use stage, where the product is used for its intended 
purpose. The final stage is the disposal or end-of-life stage, where the product is discarded to a 
landfill or recycled for reuse. Street lighting fixtures have a similar life-cycle process, which 
enables the use of LCA as a feasible process by which to analyze the data. This study used two 
different types of LCA to create the holistic picture necessary for a true understanding of the 
economic and environmental impacts associated with the different lighting technologies. For this 
study, the economic life-cycle analysis will focus only on the use phase, while the environmental 
life-cycle analysis will concentrate on the manufacturing, use, and waste management phases of 
the product lifecycle. 
 

3.1.1 Life-Cycle Cost Analysis 
The National Energy Conservation Policy Act established the protocol for all federal agencies to 
use life-cycle cost methods and procedures for investment evaluations. Practical and effective 
present value (PV) methods should be used for estimating and comparing life-cycle costs for 
federal buildings, using the sum of all capital and operating expenses associated with the energy 
system of the building involved over the expected life of such system or during a period of 40 
years, whichever is shorter, and using average fuel costs and the current discount rate. In 
response to this act, the Federal Energy Management Program (FEMP) under the DOE partnered 
with the National Institute of Standards and Technology (NIST) to create the Life-Cycle Cost 
Analysis (LCCA) model, which is an economic method of project evaluation in which all costs 
arising from owning, operating, maintaining, and ultimately disposing of a project are considered 
to be potentially important to that decision. This model includes the calculation and comparison 
of facility energy projects by tracking the savings-to-investment ratio (SIR), adjusted internal 
rate of return (AIRR), simple payback period (SPP), and discounted payback period (DPP). The 
combination of these measures facilitates the direct comparison of two or more projects to 
determine which project is the most cost-effective solution. While this method was originally 
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designed for measuring the differences in energy use and long-term costs between different 
projects relating to a building, it can easily be applied to street lighting alternatives since the 
criteria used to evaluate street lights is virtually the same as those criteria needed for evaluating 
other facility-related energy projects. To reduce errors in calculation and streamline the use of 
LCCA, FEMP and NIST created the Building Life-Cycle Cost 5 (BLCC5) software. It is 
currently the only software recommended for use, for calculating life-cycle costing associated 
with energy projects [14]. 
 

3.1.2 Building Life-Cycle Cost 5 (BlCC5) computer program 
Building Life-Cycle Cost (BLCC) Programs, "BLCC conducts economic analyses by evaluating 
the relative cost effectiveness of alternative buildings and building-related systems or 
components. Typically, BLCC is used to evaluate alternative designs that have higher initial 
costs but lower operating costs over the project life than the lowest-initial-cost design. It is 
especially useful for evaluating the costs and benefits of energy and water conservation and 
renewable energy projects. The life-cycle cost (LCC) of two or more alternative designs are 
computed and compared to determine which has the lowest LCC and is therefore more 
economical in the long run. BLCC also calculates comparative economic measures for 
alternative designs, including net savings, savings-to-investment ratio, adjusted internal rate of 
return, and years to payback. The software can evaluate Energy usage  for both new and existing 
project. While BLCC is oriented toward building-related decisions, it can be used to evaluate 
alternative designs for almost any project type in which higher capital investment costs lower 
future operating-related costs." [14], BLCC5 was used to conduct a comparative analysis 
between traditional road lighting system and photovoltaic road lighting system at AAH. 
The BLCC5 software requires some assumptions about design life, installation and acquisition 
costs, energy use, and maintenance costs of each lighting technology at AAH. Therefore, the 
following assumptions were the basis for this analysis and were the values Input into the BLCC5 
software for traditional road lighting system and photovoltaic road lighting system at AAH [15]. 
  

1.  Design Life 
To ensure this study accurately depicted a real-world scenario, a design life for both lighting 
technologies was based on the long-term effects of using the lighting technologies during their 
use phase. The design life consisted of both equipment service life and comprehensive design 
life. The comprehensive design life and Equipment service life was used to calculate the life-
cycle cost using BLCC5 software. 
 

2.  Equipment Design Life 
An important aspect of Life Cycle Assessment (LCA) is the estimated design life of the 
equipment being used. The equipment design life was determined by the average service life 
between manufacturers of the same lighting technology. This eliminates any low or high design 
life estimates associated with a certain technology that could skew the analysis, as most 
manufacturers claim different design lives for their products based on their design goals. The 
estimated service lives for each technology are listed in Table (2). 
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Table 2. Shows road lighting technology service life for traditional and photovoltaic road 
lighting system used in AAH [13] 

Lighting Technology Service life 
Traditional road light System  20 to 25 years  

Photovoltaic road light System 25  years 

 
Therefore, 20 years service life is the combined period between the two road lighting 
technologies was selected  for the study period. 
 

3.  Comprehensive Design Life 
For this study, a comprehensive design life of 20 years was chosen. Although design life of 25 
years are mandated through Executive, the continued advancements in lighting technology would 
render the findings of this study obsolete. A 25-year study period would also create a need to 
calculate salvage values for the newer technologies, as they would still have a significant service 
life associated with them. The 20-year study period allows for all the technologies to be used for 
their respective minimum service lives, providing a more realistic picture of the long-term costs 
and benefits associated with street lighting. Making the study any shorter would deprive future 
savings associated with any of these technologies. Lengthening the study period would be 
unrealistic as newer, more efficient technologies are likely to exist in the future, rendering 
current technologies obsolete [15]. 
 

4.  Energy Use Calculations 
The importance of energy use calculations was critical to this study, as energy use is the driver 
for most of the energy policy currently in existence. Street lights run only on electricity, making 
these calculations simple and straightforward. The power consumption for each type of system 
was calculated as a whole, meaning the individual sections of the lighting system (power supply, 
light, ballast, etc.) were not calculated individually. The energy use for all two lighting 
technologies was estimated by using manufacturers’ specifications, however, for this study, it 
was assumed that they would run at their nominal power rating to ensure a fair and unbiased 
study. The nominal and estimated values used in this study can be seen in Table 3. Along with 
these power calculations, the number of hours the fixture is in use is also important. Based upon 
the average hours of darkness on earth, street lighting is necessary 50% of the time. Therefore, 
the calculation for hours of energy used per year is (12 hrs./ day x 365 days/ yr. = 4380 hrs/yr.) 
 

Table 3.Shows Energy Use Calculations  (Input for BLCC5)  for PVRLS and TERLS. 
 

Lighting 
System 

Power 
(Watt) 

Expected 
life 

(Years) 

Annual 
Consumption 
(KWH / Year) 

Energy 
Cost 
($) 

Replacement 
Over Study 

Period 
TRLS  250 20 1095 0.24 0 

PVRLS 200 20 876 0 0 
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5.  Fixture and Fixture Installation Costs 
The fixture costs for this study for the traditional road lighting system (TRLS) came from the 
project bill of quantity tender, of the road lighting department at the Ministry of Public Works 
and Housing of Jordan (MPWHJ), and fixture costs of the proposed photovoltaic road lighting 
system (PVRLS) came from international tender done over the internet for the specification 
mentioned before and revised from the road lighting department at MPWHJ. 
 

Fixture installation costs were estimated based on labor hours and the labor rates in this study. 
The amount of time required for the installation of each lighting technology was assumed to be 
the same at the first Stage. It was also assumed that it will take the same amount of time at each 
location as each fixture was assumed to be a direct replacement for the current TRLS. Because 
TRLS is the incumbent technology, there is no fixture cost associated. There is a maintenance 
cost associated with traditional and photovoltaic lighting system that will be discussed in the 
maintenance section . Table (4) shows the initial cost for both TRLS and PVRLS.  

 

Table 4.  lighting initial unit cost for TRLS and PVRLS (Input for BLCC5)  
 

Lighting Technology Unit Cost  
($) 

Traditional road light System  1,900 
Photovoltaic road light System 2,360 

 
6. Maintenance Cost Calculations 
Another key component to understanding the true cost differences between lighting technologies 
is the required maintenance and associated costs. This allows for a broader picture which 
includes both the present costs to operate and the future costs to maintain lighting technologies. 
Maintenance costs were calculated based on the equipment service life of the fixtures. For the 
TRLS technology, the equipment service life dictates that the bulbs be replaced every 4 years. 
The cost associated with bulb replacement is $288 [10] for the bulb plus 1 hour of labor at the 
location labor rate. and for the PVRLS Full fixture replacement for the LED technology was 
required in year 11 of this study, and the gel battery replaced every 5 years, the bulb cost $445, 
battery cost $546 and every replacement process required a 1 hour of labor work, photovoltaic 
panel need to be cleaned twice a year for the most efficient usage as shown in table 7.  
 

Table 7.Shows replacement and maintenance cost for TRLS and PVRLS (Input for BLCC5)  
 

Lighting Technology Bulb Cost  
($) 

Battery Cost 
($) 

Maintenance Cost 
Annually ($) 

Traditional road light System  288 - 0 
Photovoltaic road light System 445 546 30 
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4. Discussion & Result 

4.1 Economic Impact for AAH case study 
Using the information given in earlier , an economic analysis was performed to determine which 
lighting technology provided the best cost-benefit over the study period for AAH case study. The 
economic measures used for comparison included the savings-to investment ratio (SIR), adjusted 
internal rate of return (AIRR), simple payback period (SPP), and the discounted payback period 
(DPP). These values were calculated by comparing traditional electrical road lighting system to 
solar road lighting system fixtures of equivalent performance. The intention of this analysis was 
to determine whether the newer technologies with their higher upfront costs and lower power 
usage were economically viable. These comparisons were made without the use of tax incentives 
or emissions penalties, as policies relating to these aspects can change over time. Emissions 
penalties are discussed later .  
 

4.1.1 Savings-to-Investment Ratio Result (SIR) for AAH case study 
The savings to investment ratio calculates how much money can be saved compared to the 
amount invested. An SIR of 1.0 means that the money invested is equal to the money saved.  
The U.S. Department of Energy has mandated a minimum SIR of 1.25 for energy projects [14] 
this percent will be use in this study. the result from calculating the savings-to-investment ratio 
for the newer lighting technology compared with the traditional lighting system SIR = 2.05 from 
the BLCC5 Result sheet. The SIR comparison shows that Photovoltaic road light system gives a 
significant return on investment when used to replace traditional lighting system.  
 

4.1.2 Adjusted Internal Rate of Return Result (AIRR) for AAH case study 
The adjusted internal rate of return is the overall rate of return on the investment to include 
installation, operations, maintenance, and disposal costs associated with each lighting 
technology. This minimum allowable rate of return (MARR) must exceed 7% in order to cover 
the cost of capital used according to the Office of Management and Budget [14]. 
Other entities and organizations may require a different discount rate depending on the funding 
source, but this study will bound to the Office of Management and Budget OMB rate.  The AIRR 
analysis is supportive of this new technology. the MARR for this study is  8.73% from the 
BLCC5 Result sheet. 
 

4.1.3  Simple Payback Period Result (SPP) for AAH case study 
The simple payback period is another measure of a project’s financial feasibility and is 
commonly used in government estimates. It represents the number of years, based on operating 
cost savings, required to pay back the initial investment amount associated with the project. The 
Government recommends a simple payback period that is under 10 years for such projects [14]. 
Using this criterion, the solar road lighting system is able to meet the goal. SPP is 3 years from 
BlCC5 result sheet. this analysis also shows that AAH lighting project can payback the financial 
investment in this new technology  relatively in short period of time. 
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4.1.4  Discounted Payback Period Result (DPP) for AAH case study 
This discounted payback period is similar to SPP with the exception that the time value of money 
is taken into account, which is important when comparing items with larger initial costs and 
lower operating costs over time [14]. The results for the DPP analysis from the BLCC5 result 
sheet  is 3 years , The results for DPP show slightly longer payback periods than those seen in 
SPP. 
 

4.2 Emissions Results for AAH case study 
Although the BLCC5 software is mostly used for cost analysis, it is also capable of calculating 
the carbon dioxide (CO2), sulfur dioxide (SO2), and nitrous oxide (NOX) for AAH case study.  
Solar lighting system  consider to be free gas emission technology because electricity generated 
without burning oil. traditional lighting system produce emissions at just more than 715 kg of 
CO2, 3.6 kg  of  SO2  and 1.07 kg of  NOX   per year for a single TRLS fixture, Therefore the 
emission results  considered to be zero for the photovoltaic road lighting system (PVRLS). 
 

4.2.1  Carbon Dioxide Emissions Offset Costs 
There has been much debate over whether to introduce a carbon cap and trade system, where the 
government sets an overall emissions cap while creating allowances that enable businesses to 
emit a given amount. The allowances can be traded, so companies that reduce their emissions 
can sell surplus allowances to those who would have to pay to comply [15]. 
 

Although this cap and trade system has many advantages, setting the limits of pollution for each 
industry can be complex and complicated. This study uses the idea of a carbon tax, which simply 
adds a fee for every metric ton of CO2 emitted. Although the Carbon Tax Center suggests a $15 
per metric ton tax rate with a $10 rate increase per year [18], This study uses a flat rate $25 fee, 
which is in line with France’s proposal in 2009 [19], $18 will be paid at the amount of carbon tax 
paid per metric ton at the $25 rate per lighting fixture per year. [16]. 
 

Amount of carbon tax paid  for every unit of the 949 TRLS unites at AAH is $ 17.875 Annually 
and over the study period it is $ 357.5 . for all the lighting unites at AAH  the carbon tax paid is 
 $ 16,963.375  annually and over the study period its $ 339,267.5 , this costs will be consider as a 
saving when PVRLS used as shown in table 8. 
 
 

Table 8.Shows the Carbon Dioxide Emissions Offset Costs Saving for single lighting unit and 
for all the lighting units at AAH when PVRLS used. 

 

Number of lighting unites Carbon Dioxide Emissions Offset Costs Saving  ($) 
Annually  Over the study period  (20 years)  

Single fixture of  PVRLS 17.875 357.5 
949 fixture of PVRLS  (AAH) 16,963.375   339,267.5 
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4.2.2  Life-Cycle Cost Results 
Another important aspect of this study was to examine the life-cycle cost associated with each of 
these lighting technologies. Present value analysis accounts for the total life-cycle costs incurred 
for the installation, operation, and maintenance of each lighting fixture type over the 20-year 
service period. PV  . The PV calculations show a cost savings of 21%, when compared to TRLS. 
PVRLS has the best PV in this case study, as shown in table (9).   
  

Table 9.Shows Present Value Life-Cycle Cost for single lighting unit and for all the lighting 
unites at AAH over the study Period for TRLS and PVRLS. 

 

 
Road Lighting Technology 

Present Value (PV) Life-Cycle Cost   
For Single lighting 

unit 
For the 949 lighting units 

At AAH 
Traditional Road Lighting System (TRLS) $ 5,170 $  4,906,330 
Photovoltaic Road Lighting System  (PVRLS) $ 4,071 $  3,863,379 
 
4.2.2.1  Life-Cycle Costs including Carbon Dioxide Emissions Costs 
Using the annual carbon tax values calculated before, the life-cycle costs for the Photovoltaic 
road lighting system (PVRLS) technology at Amman Airport Highway (AAH) could be 
calculated to find out the net saving over the study period when the traditional road lighting 
system (TRLS) replaced with photovoltaic road lighting system (PVRLS), as shown in table 
(10). 

Table 10.Shows the net saving over the study period when the traditional road lighting system 
(TRLS)  replaced with photovoltaic road lighting system (PVRLS) 

 
Photovoltaic road 

lighting system  
(PVRLS) 

Net saving from 
Traditional road lighting 

system (TRLS) 
($) 

Carbon dioxide 
emissions offset 

costs saving 
($) 

Life-Cycle Costs including 
Carbon Dioxide 
Emissions Costs 

($) 
 

Single lighting unit 
 

1,099 
 

357.5 
 

1,456.5 

 
the 949 lighting units 

 
1,042,951 

 
339,267.5 

 
1,382,282.5 

 
4.3 Saving across Jordan  
After calculating the net saving for replacing the TRLS at the AAH with PVRLS at Amman 
Airport Highway case study, It is necessary to know the approximately saving if this study 
applied across Jordan, There is no clear reference or source for knowing the total number of 
TRLS units across Jordan, But Jordan got 7500km length of  main and secondary roads [17], 
from this road length all TRLS unites could be calculated approximately, 7500,000 m ÷ 45 m  
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(average space between every road light unit)= 166,666 TRLS units. 
 

Calculation for saving across Jordan if TRLS replaces with PVRLS:  
 

1. without accounting carbon dioxide emissions cost saving:  
 

166, 666 × $1,099 (net saving for every PVRLS) = $ 183,165,934 one hundred and eighty three  
million of dollar approximately.  
 

2. with accounting carbon dioxide emissions cost saving:  
 

166, 666 × $1,456.5 (net saving for every including Carbon Dioxide Emissions Costs saving) =  
$ 242,749,029 two hundred and forty three million of dollar approximately.   
 

This saving doesn't include the infrastructure expense required for such road lighting projects in 
the remote and far areas, This saving consider to be a desirable saving due to the rising of the 
energy prices globally, and the orientation for sustainability in the energy projects all over 
Jordan. 
 

5. Conclusion and Recommendation 
The study effort sought to find answers to several questions regarding the economic and 
environmental costs of changing roadway and parking lot street lighting technology across 
Jordan . Issues such as installation costs, maintenance costs, operating costs, energy use, carbon 
dioxide emissions were explored in Amman airport highway case study. The literature review 
established a need for the research to be conducted based on government policy and lack of 
available studies on both the economic and environmental aspects of  road lighting technology. 
The methodology explained how the building Life Cycle Cost 5 (BLCC5) software were applied 
to complete this study. The results section detailed the economic and environmental findings in 
this study and modeled the sensitivity of certain cost factors for each lighting technology. 
 

5.1 Conclusions 
This case study provided an in-depth analysis on Amman Airport Highway  with regard to the 
economic and environmental impacts associated with the two  different street lighting 
technologies, the traditional electrical road light system (TRLS) and the photovoltaic road light 
system (PVRLS) and shows the preference for the PVRLS in both the economical and the 
following conclusion were drawn from the study:  
 

1. Comparing TRLS to PVRLS  of equivalent performance, the PVRLS fixture consumes 0% 
energy. These energy savings became more pronounced and resulted in greater financial 
savings as utility rates increased. 

 

2. This study utilized several financial measures to assess the value of PVRLS.  The savings-to-
investment ratio (SIR) was used to determine the ratio between money saved versus money 
spent. The results showed an average SIR of 2.05 for the PVRLS. This result suggest an 
economic advantage when investing in newer technologies, as the energy savings outweigh 
the upfront costs associated with this newer technology. 
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3. The discounted payback period (DPP) determines the length of time it takes for the initial 
investment in the PVRLS technology to be recouped when taking into account the time value 
of money. The results showed an average of 3 years for the PVRLS technology. Since this 
newer technology have a significantly high cost of entry, the energy savings were as large as 
expected, although the payback period met the government requirement of 10 years or less. 

 

4. The life-cycle costs were also evaluated through the use of present value calculations, these 
PV calculations showed an advantage for the SRLS technology, averaging a 21% saving over 
the TERLS technology, respectively. On a per fixture basis, the PVRLS technology averaged 
a $1,456.5 benefit over TRLS. These savings may not seem all that significant on a fixture for 
fixture basis over a 20-year period; however, when the amount of fixtures utilized by  the 
Ministry of Public Works and Housing (MPWH) taken into account, these savings are 
increased. The total TRLS fixture count for Amman Airport highway  (AAH) in this study is 
949 fixtures. The resulting savings for using the PVRLS technology would be about  $1.099 
million over a 20 years period. 

 

5. The net saving for applying this study nationally across Jordan calculated to be $183 million 
approximately without accounting carbon dioxide emissions , and $243 million approximatly 
with accounting carbon dioxide emission cost saving. This number expected to increase in 
result of the increasing of oil prices globally, decreasing in PVRLS initial and replacement 
costs and scarcity of TRLS replacement parts in future.       

 
5.2  Recommendations 
1. Pilot tests should be performed at each area before installation of PVRLS, Jordan  would 

benefit greatly from photovoltaic road lighting technologies. This study shows that energy and 
maintenance dollars can be saved by moving away from TRLSs technology and adopting 
either of these newer PVRLS technologies. However, before these technologies are adopted 
on a wide scale at each installation, there should be pilot tests performed at each Area to 
ensure that the lights are providing the energy and maintenance savings that are expected. 

 

2. Take advantage of the international honor and grants, Many donor countries, organizations 
and agencies such as USAID, world bank and UNDP interested in financing renewable energy 
projects and allocate grants for renewable energy  projects in developing countries, these 
honor and grants can help finance the high initial cost for such projects either its governmental 
or privet projects 

 

3. Encourage the internal community to establish renewable energy projects. By reduce custom, 
tax at these equipments used at such projects and provide finance support for outstanding 
renewable energy projects.   

4. Encourages the Government of Jordan to reduce the time required for spreading the renewable 
energy concept & culture nationally by studying successful international experiences, 
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choosing the most applicable model and drawing lessons that can be applied in Jordan, while 
taking into account local characteristics. 

5. Encourage the engineers to design a specialized renewable energy data base to serve the 
researches. 

6. Improvement the efficiency of energy use to reduce the production cost and the harm on the 
environment. 

7. Implementing new technologies by public & private electrical companies such as the smart 
grids and smart meters to promote utilizing the renewable energy. 
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Abstract 
As a result of rapid urban growth and 

urbanization successive and increasing car 

ownership, consequent exacerbate the problem 

of traffic within the city for Contemporary 

Arab ,the increasing density of traffic 

,increasing rates of energy consumption ,the 

inability to provide parking spaces suitable ,the 

spread of traffic is uncivilized ,due to the 

overlap of land usages ,continue to localize the 

activities of the vitality and service centers 

mainly in overcrowded city centers lead to 

increase in  numbers of trips with no possibility 

of absorbing motion paths for these trips ,the 

difficulty of the possibility of increasing the 

cross-sec for current ways ,the consequent high 

levels of environmental pollution and increase 

the economic cost of flight time. So it was on 

the existing planning and development of urban 

contemporary Arab solutions planning help 

solve that problem by studying movement and 

transportation theory  and that by studying the 

classified road network within the pattern of 

urban cities (Street Classification), identifying 

the main highways as the axes of the key 

development areas the concentration of services 

and attractions vital , in addition to construct 

medians between lanes and paths of movement 

because it is a matter of achieving high levels 
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of safety within the pattern of urban various 

levels  right down to the provision of sidewalks 

suitable for pedestrians and special tracks for 

cycling allow them to the optimum use in order 

to go with the uses and different activities 

within the layout of urban and perspective 

development of civilization includes runs the 

economic value and environmental dimensions 

and Urban to serve the civilized human 

behavior  .  

Finally, the paper presents the research 

emphasis of the importance of the integration 

of the vehicle road network and the mechanism 

pedestrian sidewalk and its direct association 

with centers of services and activities that are 

vital to the plot of land uses contemporary Arab 

city 

: Introduction

 The first axis  
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The basis and rates for the 

design of transportation networks in urban 

planning. 2002)
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Passenger Car Unit 

P.C.U 

 

The third axis

Intervals  

between lanes and routes of movement

(Burton, E and Mitchell, L. 2006.)
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: The fourth axis

Sidewalks
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2013 (
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Bridges and tunnels for 
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  تقييم سالمة المشاة ضمن التخطيط الحضري لمدينة عمان

  اعداد
  الزبيديصالح م. سامية 

Samia19996@yahoo.com 
Mobile: +962-795541829 

  الملخص
تھدف الدراسة لتقییم الفراغات الحضریة التي یستخدمھا المشاة في مدینة عمان على عدة مستویات من خالل دراسة حاالت 
محلیة من حیث مواءمتھا للمتطلبات التخطیطیة وشكل العالقة بین حركة المشاة وحركة المركبات. وشملت الدراسة األرصفة 

كالوكاالت والرینبو والثقافة والمیادین واألحیاء السكنیة كجبل اللویبدة. ولم  وممرات المشاة واألنفاق والجسور والشوارع
تنجح األطراف سواًء كانت رسمیة كالحكومة وامانة عمان ودائرة السیر أو شعبیة في خلق بیئة آمنة یكون للمشاة فیھا 

يموتون عند محاولتهم عبور الشوارع أو انتظار غالبية الوفيات من المشاة اولویة، وجعل المشي وسیلة نقل خضراء. وما زالت 
  حسب االحصائیات السنویة للمعھد المروري الركوب

 الذيو City Culture)ثقافة المدينة (وهناك غياب واضح ل ،شبكة مخصصة للمشاة بشكل متصل والئق فمدینة عمان تفتقد لوجود
 تعكسه التصرفات الغير مسئولة من البعض كتخريب األرصفة والدرابزينات وعدم استخدام األماكن المخصصة لهم كمشاة أو سائقين.

ع ااتبداخل األحياء السكنية وتطبيق إستراتيجية تهدئة الحركة المرورية والترويج للثقافة المرورية وخلصت الدراسة الى ضرورة 
عاماً  ٥٠للتحول لمدينة صديقة للمشاة أسوة بمدن عالمية كمدينة كوبنهاجن التي استطاعت على مدى لة الخطوات الصغيرة المتسلس

  جعل وسائل النقل الخضراء كالمشي واستخدام الدراجات هي وسيلة النقل السائدة.
  
  

  الكلمات المفتاحیة: حركةالمشاة، حركة المركبات، مدینة عمان، مدینة كوبنھاجن، ثقافة المدینة، المعاییر التخطیطیة 
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  المقدمة:  .١
كلنا يلمس طغيان وسيطرة المركبات على مدينة عمان 
وتراجع دور وأهمية المشاة بالمدينة على المستوى التخطيطي، 
فمقياس المسافة أصبح الزمن الذي تقطعه السيارة للوصول 

يعني تسخير كافة لدى الكثيرين للهدف، وحل أزمة المرور 
اإلمكانات لتسهيل تدفق حركة المركبات وليس المشاة، متجاهلين 
ما ينتج عن ذلك من أضرار ينبغي تشخيصها ووضع مقترحات 

 يكون اإلنسان محورها. 

 أهداف الدراسة:   .١.١

  مناقشة وطرح المفاهيم التخطيطية الجديدة في
التخطيط الحضري والمعايير الواجب توفرها لتفعيل 

 ي كوسيلة نقل.المش

  تقييم الفراغات الحضرية التي يستخدمها المشاة في
مدينة عمان على عدة مستويات من خالل دراسة 
حاالت محلية من حيث مواءمتها للمتطلبات 

الحاالت الدراسية  دراسةالتخطيطية. وقد تم 
  كالتالي:

o كأماكن  األرصفة وممرات المشاة واألنفاق والجسور
 .مخصصة للمشاة فقط

o كأماكن تخدم المشاة والمركبات الشوارع والميادين 

o لشمولها مكونات النسيج الحضري األحياء السكنية 

  التعريف بأدوار كافة األطراف (جهات رسمية– 
شعبية)  في المجتمع في قضية المشاة (المشكلة، 
الحل) واختبار مدى الجدية في خلق بيئة يكون 

إحدى وسائل للمشاة فيها أولوية، واعتبار المشي 
النقل الخضراء يمارس من كافة المواطنين و ليس 
من قبل من ال يملك أجرة أو ثمن أو رخصة قيادة 

  مركبة

 منهجية البحث: .١.٢

  المسح الميداني والمالحظة الشخصية والتوثيق
الفوتوغرافي، باإلضافة إلجراء مقابالت مع 

 األطراف المعنية.

 مراجعة األدبيات والتجارب العالمية 

  اجعة األدبية:المر ٢
تجربة تحول مدينة كوبنهاجن لمدينة  ١-٢

 :صديقة للمشاة

 Jan  سنعرض هنا لفكر مخطط المدن الدنمركي
Gehl الذي كرس حياته العملية لتحسين مستوى العيش بالمدينة

وله دور ومنح المشاة األولوية عند التخطيط بجانب المركبات، 
سنتناولها بشيء من أساسي في تخطيط مدينة كوبنهاجن التي 

قام بوضع دراسة لمنطقة الصويفية، تم  وننوه هنا بأنه١التفصيل.
  .لمشاةلتنفيذ إحدى توصياته بتخصيص شارع الوكاالت 

  (Gehl,2004) :المدن إلى أربعة أنواع Jan Ghel قسم  

التي صممت  "Traditional City"المدينة التقليدية  .١
ليتحرك الناس فيها على أرجلهم ومثال على ذلك مدينة 
فينيسيا التي تعتبر أكبر مدينة مخصصة للمشاة حيث ال 

تجوب السيارات شوارعها، وتتميز بتراص مبانيها ذات  
الطابع المعماري الجميل والتاريخي، وفي قلب كل مجاورة 
ميدان أو ساحة عامة، كما يمكن الوصول مشياً من 

 المنازل ألي خدمة أو نشاط ترفيهي.

وهنا نعني المدن  "Invaded City"المدينة المحتلة  .٢
القديمة التي اختل فيها التوازن بسبب طغيان السيارات مثل 

                                                             
 بعالمة اجتماع وحضوره مناقشات بين  Jan Gehlزواجنتيجة  ١

” مفهوم وأن  ،في العمارة مهمالً اإلنسانيالطرفين، الحظ أن الجانب  أصدقاء
طراف في تعاون كافة األ يحتاج لغرسه city culture" - ثقافة المدينة 

 .صبح أحد أهم قيم المجتمعيالدنمرك، بحيث 

مشاة كحقل تجارب، خصص للأول شارع  Strogetشارعٍ استخدم 
ونشر الكثير من األبحاث عما يحدث، ومدى وشكل تجاوب الناس معه، ومع 

  ,Public Spacesللمشاة في المدينة أصدر كتابه المخصصة دة المساحاتزيا
Public Life  الذي يوثق كل التفاصيل التي تتعلق بتحول المدينة التدريجي من

 وبصفته محاضراً في الجامعة، مدينة تخدم السيارات لمدينة صديقة للمشاة.
طوير المدينة وتوجيهها النظريات لتبتوفير البيانات والمفاهيم و وزمالء له تكفل

  الخطط.ومجلس المدينة نفذ لخدمة المشاة، 
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أحياء المدن العربية القديمة كدمشق وعمان والقاهرة التي 
 صممت شوارعها ألسلوب حياة مختلف تماماً.

  "Abandoned City" المدينة المهملة أو المهجورة .٣
حيث تسيطر السيارة بشكل كامل على الحركة في المدينة، 
فيتخلى الناس عن المشي أو استخدام الدراجات الستحالته، 
وهناك مدن عديدة في أمريكا تنعدم فيها األرصفة، و يحيا 

 الناس في المــوالت وعلى التلفاز!!!

 ”Reconquered City". المدينة المحررة أو المستعادة ٤
هي المدن التي تحررت بعدما كانت مستباحة من قبل السيارات 
سابقاً، والتي وضعت حـداً لتواجــد وحركة السيارات فيها 
بزيادة األماكن العامة وتشجيع المشي واستخدام الدراجات مثل 

 كوبنهاجن.

مدينة من القرون الوسطى أسست في القرن  كوبنهاجن
، تبلغ م١٤٤٣لعام، أصبحت عاصمة الدنمرك منذ ا١٢

  مليون نسمة. 0.5 ويسكنها   ٢كم 189.6مساحتها

مرات   6المساحات المخصصة للمشاة فيها تضاعفت
% من سكان ٥٠) وحسب آخر إحصائيات ١٩٩٦-١٩٦٢(

 .)(Gehl,2004 كوبنهاجن يستخدمون الدراجات للتنقل يومياً

،حيث ١٩٦٢أول خطة للمشاة في الدنمرك قدمت عام 
عام للمدينة، المخطط كان تدريجياً والمثير في لم يوجد مخطط 

تجربة كوبنهاجن أن التحول التدريجي في االنتقال من مدينة 
تهيمن عليها السيارات لمدينة صديقة للمشاة جاء نتيجة سلسلة 
من الخطوات الصغيرة المتتابعة وليس التغير الجذري الفوري 

الجديد،  مما أتاح الفرصة لتعويد الناس على أسلوب الحياة
 وأيضاً تقييم التجربة أول بأول وتحسينها.

، والذي ١٩٦٢عام  Strogetتم إغالق أول شارع 
كم، كما يعتبر ١يعتبر أطول شارع للمشاة في أوروبا بطول 

العمود الفقري لوسط المدينة حيث تتفرع منه العديد من الشوارع 
، وأحد أهم المواقع السـياحية ويضم أغلى الماركات وأشهرها

  .باإلضافة لمحالت التحف التذكارية والبورسالن

عندما اعتاد الناس الفكرة والقت استحساناً، تبعه شارع 
آخر وهكذا، وفي كل عام يتم إنشاء أو تأهيل ميدان جديد، 

موقف خالل  ٦٠٠تم إلغاء  وإلغاء مواقف للسيارات، فقد
وكل سنة تزداد القيود على استخدام  )،١٩٩٦-١٩٨٦الفترة(

السيارات كفرض ضرائب مبيعات على السيارات الجديدة بنسب 
 %.١٨٠تتجاوز 

وجد الناس بالتدريج أن استخدام السيارات أصبح معقداً وصعباً 
فاستخدموا الدراجات أو الباصات وأصبح المشي ممكناً في 

بتخصيص المدينة، باإلضافة إلى أن العملية يمكن تمويلها 
أكثر من ميزانية متواضعة كل سنة، والنتيجة النهائية مذهلة. 

مواطن يقطنون وسط المدينة اآلن قللوا اعتمادهم على  6,800
السيارات، وأضواء منازلهم تنير طريق المشاة ليالً، وتمنح 
المارين إحساساً باألمان. وأيضاً تم تزويد المدينة بشبكة مترو 

ات متصلة تغطي كافة أنحاء المدينة ومحطة قطار، وشبكة دراج
الناس بإمكانهم تأجير ، فموقف في المدينة ١١٠لـ باإلضافة 

ومن ثم إعادتها ألي موقف دراجات  2.50$الدراجة مقابل 
% من سكان المدينة يستخدمون ٣٤واستعادة نقودهم. حالياً 

 . (GEMZOE,2001) الدراجة للذهاب لعملهم

 نقاط : عدةنهاجن في استراتيجية كوبويمكن تلخيص 

 .خصص شوارع للمشاة .١
تكيف مع الفصول األربعة بخلق أجواء و نشاطات تتالئم  .٢

   مع كل الفصول
شجع استخدام الدراجات كوسيلة نقل رئيسية، بتحديد و .٣

  ممرات للدراجات وإعطائها أولوية على السيارات.
شجع الطالب على المكوث  إعمل على إحياء وسط المدينة .٤

وسط المدينة، حيث أن استخدامهم للدراجات ال والسكن في 
يضيف عبئاً لحركة المرور، باإلضافة لما يضفونه على 

 المدينة من حيوية وحياة.
 احترم المقياس اإلنساني. .٥
اعمل على أن يكون النسيج الحضري متراصاً وقليل  .٦

االرتفاع، مما يحسن المناخ في وسط المدينة ويحميها من 
 الرياح.
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% سنوياً ٣-٢وف السيارات تدريجياً، بمعدل قلل أماكن وق .٧
 للمحافظة على حجم الحركة المرورية

حول أماكن وقوف السيارات لساحات عامة، شوارع  .٨
 المشاة تلغي الحاجة لمواقف السيارات.

  

 pedestrian)ستراتيجية جيوب المشاةا ٢-٢
pockets)   

يشمل جيب المشاة منطقة سكنية تتكون من عمارات قليلة 
االرتفاع نسبيا فيها مزيج متكامل من االستعماالت لتلبية 
جميع احتياجات االنسان المتعددة ضمن دائرة نصف 

اي ما يعادل المشي لمدة خمس دقائق  -متر٤٠٠قطرها 
وهي تمثل قدرة االنسان على المشي المريح.  -فقط 

رع رئيسي يخدمها خط نقل القطار وتتواجد على شا
الخفيف وفق أحدث تقنيات التحكم بالحاسوب، حيث يوجد 
محطة توقف في مركز جيب المشاة يستطيع االنسان 
المشي من هذه النقطة الى اي جزء من الجيب في مدة 
اقصاها خمس دقائق. وتتخذ من أساليب تخطيط المدن 

 )(Kelbaugh, Doug,1996القديمة مرجعاً لها  

  
 Calthorpe, 1989مخطط مقترح لجيب مشاة حسب  ١٢شكل 

  

 بما يلي: أهداف جيوب المشاةو يمكن تلخيص 

 المزيج التقليدي الذي اثبت انه نمط فعال  إنشاء إعادة
االستعماالت في المراكز  تنوعللنمو حيث ان 

يسهل الوصول اليها ويساهم في تحقيق  الحضرية
  معايير االستدامة.

  تكثيف النمو لحماية الفراغات المفتوحة واالراضي
  الزراعية والمناطق الحساسة لتوفر المواصالت. 

  ) القطار الخفيف) إلى جانب كدعم وسائل بديلة للنقل
 السيارة.

  
 (new urbanismحركة التمدن الجديدة  ٣-٢

حركة في مجال تخطيط المدن في أمريكا في بداية ظهرت ك
 Smartمفاهيم وتوجهات متعددة مثلالثمانينات، وتشمل 

Growth ، وتبنى الحركة مجموعة من المعماريين والمخططين،
الذين اجتمعوا في سان فرانسيسكو Andre Dauny على رأسهم 

التي تلخص مبادئهم لعكس التدهور ١٩٩٦عام  ٢وأعلنوا وثيقتهم
في المدن حسب وجهة نظرهم، وأسسوا موقعاً على االنترنت 

) www.newurbanism.orgتحت اسم منظمة التمدن الجديد (
موقع الكتروني معلوماتي يتمتع باحترام، ويعتبر  ١٩٩٨عام 

يهتم بوسائل النقل الصديقة للبيئة وعلى رأسها المشي 
  ولها عدة مبادئ في تخطيط المدن نذكر منها: والقطارات،

 و يعني:“ Connectivity”الترابط  .١
o  توفيرشبكة طرق مخصصة للمشاة ذات كفاءة

 عالية وأماكن عامة تجعل المشي ممتعاً.
o  سلسلة متدرجة من الشوارع فالطرقات الضيقة

  فاألزقة
  “ Walkability”  إمكانية المشي .٢
o  بالمشي في  يتعلقإمكانية المشي هي مقياس لكل ما

 مؤثرات وعوائق، كما أن معظم  بدونمنطقة
 دقائق مشي ١٠الخدمات يمكن الوصول إليها بمدة 

 :وسيلة نقل خضراء ومجانيةكونه 
                                                             

  موقع مؤتمر التمدن الجديد   ٢
www.newurbanism.org  
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o  زيادة الحس باألمن وخفض معدل الجريمة في
 االطرقات نتيجة مرور عدد أكبر من المشاة كم

 The Deathفي كتابها   Jane Jacobأشارت 
and Life of American Cities  

o زيادة التفاعل االجتماعي و زيادة االنتماء للمكان
 .وزيادة عدد األصدقاء

 " Mixed Used" تنوع االستعماالت .٣
o  وجود خليط من المحالت والمكاتب والمساكن ان

وخليط من الناس من حيث األعمار بنفس الموقع 
ومستويات الدخل والثقافات واألعراق يوفر األمن 

 مما يحققويجعل المكان مستخدماً لفترة أطول، 
  .جميع للالمنفعة 

 ” Increased Density”  النسيج المتضام .٤
إن المزيد من المباني، المحالت، الخدمات القريبة من بعضها 
تجعل المشي أسهل، وتزيد من كفاءة المكان للعيش.ويمكن 

  بأحجامها المختلفة.تطبيق هذا المبدأ على التجمعات 

  Smart Transportationالمواصالت الذكية  .٥
ال يمكن جعل المدينة صديقة للمشاة بدون توفير شبكة 

ذات كفاءة ومستويات خدمية عالية، و هنا  مواصالت عامة
 يقترحون التالي:

o  إنشاء شبكة قطارات تربط المدن والبلدات
تشجيع استخدام و والمجاورات السكنية معاً.

   الدراجات والمشي كوسائل مواصالت يومية.
 ” Sustainability”الديمومة .٦

  وهذا يمكن تحقيقه من خالل:

o  احترام النظام استخدام تكنولوجيا صديقة للبيئة،
  البيئي الطبيعي وتشجيع المنتج المحلي

o  استخدام الطاقة بفعالية وتقليل االعتماد على
 النفط،أي مشي أكثر، سواقة أقل.

 
ألمانة عمان  -استراتيجية نمو المدينة ٤-٣

  )٢٠٠٨(أمانة عمان الكبرى، الكبرى

حركة " التمدن  االستراتيجية تتبنى اسس تتوافق مع مبادئ
التي تعطي االولوية للمشاة في  والنمو الذكيالجديد" 

وتم تبني المبادئ التالية في خطة نمو  تخطيط المدينة.
  المدينة:

التخطيط لمجتمعات متكاملة ترفد ساكنيها باالحتياجات  ١
حدائق، مدارس، مراكز صحية، مراكز  –الحضرية 

  ثقافية.
الستغالل األمثل )، اcompact cityتشجيع التكثيف ( ٢

للبنية التحتية القائمة وزيادة فعالية استخدام النقل العام 
  وتشجيع حركة المشاة.

توجيه النمو نحو المناطق المبنية، وكذلك تحديد مناطق  ٣
  خضراء قريبة إلى مركز المنطقة الحضرية.

تحفيز الدمج المنظم لإلستعماالت المتعددة باحتواء  ٤
  مناطق العمل والتوظيف.

  

  تقييم الفراغات الحضرية التي يستخدمها المشاة: -٤

  األرصفة:  ١-٤

(من تقاطع الكيلو لنفق  (حالة دراسية: شارع المدينة المنورة
صهيب) وتم اختياره كونه شارع رئيسي ذو استعمال سكني 

منطقة تالع وشارع عبداهللا العزب بحي بركة ،على جانبيه، 
  .تجاري-سكنيفرعي كونه شارع  العلي

المعايير 
 ,CRESSWEL)التخطيطية

1979)   

  الوضع الحالي

ان تكون واسعة وآمنة وتكون 
سعتها مصممة هندسيا حسب 
اكتظاظ المرور حولها وحجم 

  .حركة المشاة عليها

سعة األرصفة إن وجدت 
  مناسبة

وجود العوائق بمختلف ال تحتوي على اعمدة او اشجار 
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او حفر او مخلفات اعمدة 
مقصوصة حوافها بارزة وحادة 

منتصف االرصفة او اية على 
  عوائق اخرى

أشكالها هي القاعدة مما 
يجعل المشي على 

  األرصفة شبه مستحيل

أن تكون هذه األرصفة متصلة 
لمسافات طويلة حتى ال تجبر 

الماشي بالنزول أو الصعود منها 
  واليها نتيجة عدم استمرارها 

 ةاألرصفة موجود
بمحاذاة المباني القائمة 
وغالباً يحدد الشارع 
بالكاندرين.فقط دون 
  وجود رصيف مالئم

تكون مواقعها منسجمة أن 
ومالئمة لمداخل البيوت والمحالت 

  التجارية 

  مواقعها مالئمة

أن يكون تصميمها شامال لما 
يحتاجه ذوو االحتياجات الخاصة 
وكذلك األمهات الالتي يدفعن 

   .عربات أطفالهن

ال يوجد أدنى اهتمام بهذه 
  الفئات

آن تكون أسطح هذه األرصفة 
خشنة تمنع االنزالق أو تحد منها 

   .على األقل في األجواء الماطرة

  بالط األرصفة مناسب

  

  األنفاق: ٢-٤

، وقد تم اختياره ألهميته نفق الجامعة األردنيةحالة دراسية: 
 –الجامعة على األغلب طلبة  -كونه يخدم فئة كبيرة من الشباب

  ويقع ضمن شارع رئيسي مزدحم.

  الوضع الحالي  المعايير التخطيطية

أن تكون مداخلها ومخارجها سهلة 
على المواطن للنزول والصعود منها 

   .واليها

  المداخل مناسبة

أن تكون المداخل والمخارج واقعة 
ضمن األرصفة ال من ضمن سطح 

ن وذلك لضمان نقل المشاة م ،الطريق
  .رصيف آلخر

النفق يصل بين 
رصيفوشارع الخدمات 

لمكتظ بالسيارات من ا
  جهة الجامعة 

أن تكون آمنة ومضاءة ليال وفي 
 بعض األحيان تكون مضاءة نهارا 

  

وجود المحالت على 
جانبي النفق يزيد 
  باإلحساسباألمان ويوفر 

أن يكون تصميمها شامال لما يحتاجه 
  ذوو االحتياجات الخاصة. 

يوجد أدنى اهتمام  ال
  بهذه الفئة

  

  الجسور: ٣-٤

الحاالت الدراسية:جسر خلدا، جسر شارع المدينة المنورة قرب 
دوار اليوبيل، جسر مدخل حدائق الحسين، جسر الجامعة 

  األردنية.

  الوضع الحالي   المعايير التخطيطية

أن تكون مداخلها 
ومخارجها واقعة من ضمن 
األرصفة وليس من ضمن 

الشارع، حيث أنها سطح 
موجودة لنقل المشاة من 
رصيف آلخر وليس من 
سطح شارع إلى سطح 
شارع آخر يعرضه لحادث 
مشاة ما عند صعوده أو 
  نزوله من على هذه الجسور

الجسور متصلة بأرصفة 
ضيقة وغير مناسبة عدا 

  جسر حدائق الحسين

يجب أن تكون الدرجات 
سهلة  لهذه الجسور

االستعمال من حيث 
فاعاتها ويسرة االستعمال ارت

لكافة األعمار الصغير منها 
  والكبير.

الدرجات مناسبة، ولكن 
كون الجسر يحتاج الرتفاع 

 ٣٠سم ، أي ٤٥٠يتجاوز 
درجة على األقل فهو غير 
 محبذ لكبار السن واألطفال

وبعضهم يفضل المرور من 
خالل القضبان المنزوعة 
عمداً على جانبيه على 

  استخدامه.

أن تكون الجسور آمنة 
ومتواجدة ضمن مناطق 
العبور المتوقعة للمشاة 

  أماكنها مناسبة
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وليست بعيدة عن هذه 
المواقع المكتظة مما يضطر 

  المشاة بعدم استخدامها 
أن تكون ارتفاعاتها ضمن 
مواصفات الشارع 
المتواجدة عليه وارتفاع 
المركبات المسموح لها 

  باستخدام هذه الشوارع.

االرتفاعات غير مناسبة، 
حوادث ارتطام سابقة 
حصلت مما دعا األمانة 

معدني  نشاء إطارللبدء بإ
متر من  ١٠٠على بعد 

جسر المشاة وعلى ارتفاع 
اقل من ارتفاع جسر المشاة 

االتجاهين بحيث يقوم  وبكال
بإصدار إشارات إنذار 
تحذيرية صوتية وضوئية 

التي  عند ارتطام الشاحنات
عها عن ارتفاع يزيد ارتفا

جسر المشاة مما ينبه 
  السائق عند ارتطام شاحنته

  

  ممرات المشاة ٤-٤

حول دوار في الشوارع الرئيسية  ممرات المشاةحالة دراسية:
  :المدينة المنورة)-الجاردنز-اليوبيل(شارع خلدا

 المعايير التخطيطية
)MOUGHTIN1999(  

  الوضع الحالي

تكون هذه المواقع أن 
لعبور المشاة مخصصة فقط 

وأن تتشابه في أشكالها بغية 
  جعلها هوية واضحة للجميع

ال توجد هوية واضحة 
  لممرات المشاة

أن تكون محددة المعالم 
ومرتفعة نسبيا عن سطح 
الطريق في بعض األحيان 
حسب الموقع وتكون مواقعها 
مضاءة نهارا وليال اي من 
خالل تواجد إشارة ضوئية 

ال تتوفر هذه المعايير 
على معظم الممرات، 
حتى الدهان األبيض غير 

  واضح .

  شاة صفراء تبين بأنه ممر م

يتواجد عليها آرمات إرشادية 
تدل على وجودها وتوضع 
آرمات ارشادية اخرى على 
مسافات بعيدة ومتوسطة منها 

  لتنبه السائقين على وجودها، 

يتواجد على بعضها 
  آرمات إرشادية

أن يقوم السائق بالوقوف 
ندها وقوفا تاما حرصا على ع

سالمة المشاة و إدراكا من 
السائقين بأن أي حادث مشاة 
يقع على هذه المواقع يعتبر 
جريمة يعاقب عليها القانون 
وتصبح بعد فترة من الزمن 
معلومة مهمة لكل مستخدمي 

  الطرق واجب احترامها.

قف السائقون نادراً ما ي
عند ممرات المشاة، 

ة القوانين غير مفعلو
األعراف  بسبب

االجتماعية كالعطوات 
  والجاهات و الواسطات.

  

  

  الشوارع: تم دراسة ثالثة شوارع : ٥-٤

  شارع الوكاالت: ١-٥-٤

تم افتتاح شارع الوكاالت كأول شارع مخصص  ٢٠٠٧في تموز
مترا، كلفة  ٢٢مترا وبمتوسط عرض  ٣٧٥يبلغ طوله للمشاة ،

) الف دينار.و قد وضع الخطوط ٨٥٠المشروع وصلت الى (
وصممه مكتب  Jan Gehlالعامة للتصميم المخطط الدنماركي 

سنوات تم  ٥وبعد رامي ضاهر"..تراث الهندسي " المعماري د
تحت  ٢٠١٣في صيف اخرى اعادة فتحه امام السيارات مرة 

بلتاجي: إعادة ضغط اصحاب المحالت وطلب أمين عمان 
وضع دراسة مرورية لشارع ودراسة واقع شارع الوكاالت 

الوكاالت والشوارع المتفرعة منه يعالج كافة االختالالت، 
 .ويحقق مصلحة التجار والمشاة في آن واحد

   

  الصويفية، شارع سالم القضاة سابقاً  الموقع

خلق فراغ حضري حي وعملي  -١الهدف من 
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للتسوق والتنزه يمثل مكانا   المشروع
ويشجع على الترابط االجتماعي 

 ويعطي األولوية للمشاة.
  خلق بيئة جاذبة للسياحة  -٢
تعويد الناس على المشي  -٣

والحركة الرياضية كناحية 
  صحية

عبر عن صناعة ألوان البالط و تشكيله ي  فكرة التصميم
الموضة عن طريق الخيوط المستخدمة 
في نسيج المالبس والتي تحيك بطريقة 
تدريجية فستانا ملونا على طول بالط 

  األرضيات في الشارع
االتصال مع 

  الترابط‘ المحيط
البداية والنهاية شارعين في المنطقة 
التجارية في الصويفية وليس محطة 
مواصالت للنقل العام مما يجعل 

ستخدام السيارة ضرورة للوصول ا
ومشكلة في آن واحد، فينقل االكتظاظ 

  للشوارع المحيطة.

قال ضاهر "إن شارع الوكاالت ألغى   مكونات المشروع
مفهوم الرصيف والشارع ليصبحا جزءا 
واحدا ، وبالتالي يتم تحرير الفراغ 
الحضاري، وقد اهتممنا بتصميم الشارع 

ر على وذلك بتوفير اإلنارة واألشجا
جانبي الشارع، وعلى امتداده إلى جانب 
وضع اضاءات أرضية أعطت جمالية 
وامتداد رؤية للمتسوقين في أوقات 
المساء ، كما وفرنا مرافق صحية في 

 بداية الشارع وأخرى في نهايته . 
مقاعد  و وساحة عامة للفعاليات المختلفة

  وجلسات هادئة"

حالة عناصر 
  المشروع :

اإلنارة، الكراسي، 
األشجار، 

  المظالت، البالط

مناسبة، إال أن المقاعد تم إزالة معظمها 
  بإلحاح من التجار.

ضاهر "ان وجودها ( المقاعد)  د.اشار 
جاء بعد دراسة، وذلك لكي يعطي 
المتسوقين مجاال لالستراحة او 

إن عدد المقاعد وأماكنها ولالنتظار، 
طبيعي وغير مبالغ فيها ، بعكس ما 

  . بعض أصحاب المحال التجارية يقوله

المتسوقين وخاصة الفتيات و النساء   المستخدمين
بشكل خاص كون المالبس النسائية هي 
صفة االستخدام السائدة ،أما ليالً فيتواجد 
الشباب من كافة أنحاء المدينة بشكل 
واضح مما يثير حنق التجار فالشارع 

  أصبح للتنزه ال للتسوق.

على  أثره
  التجاريةالمحالت 

 يختلف الرأي حسب صفة االستخدام،
المقاهي كانت األكثر استفادة، و كذلك 

محالت الخلويات نظراً الستقطاب 
 الشارع لفئة الشباب.

صالونات السيدات والمطاعم األكثر 
  مثل ورد وكباب كانوا األكثر تضرراً 

عدد من قطع  لكتاألمانة باستم  خدمات السيارات
األراضي في الصويفية إلقامة مواقف 

سيارة سيتم تشغيلها  ٨٥٠عامة تتسع ل
بالشراكة مع القطاع الخاص لحل مشكلة 

  . المواقف

سيارة لنقل الرواد خالل الشارع ستعزز 
  بثالث أخرى صيفاً 

  خدمة صف السيارة مجاناً ( الفاليت)

 

  :“أول شارع صديق للمشاة” شارع الرينبو  ٢-٥-٤

أنجزت أمانة عمان الكبرى ٢/٢٠٠٨/ ٢٠٠٨في شباط 
وبكلفة تقدر  متر١٤٠٠مشروع تأهيل شارع "الرينبو" بطول

من تصميم مكتب تراث الهندسي "  مليون دينار ٢ بحوالي
 المعماري د رامي ضاهر".

يمتاز  و العريقة عمانمدينة أحد احياء  جبل عمان

بالشوارع الضيقة التي انشأ بعضها في خمسينيات القرن الماضي، 

ويحوي على كثير من المعالم التراثية والشعبية للعاصمة والبلد 
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وهناك انشئ أول دوار في عمان هو الدوار األول بشكل عام 

المكتظ بالسياح األجانب  الرينبو التراثيشارع والذي يقع عليه 

من البيوت التراثية والمعالم التربوية  .ويحوي الحي على جملة

 منتدى شومان الثقافيالعلمية اإلسالمية و الكليةوالثقافية مثل 

والهيئة الملكية لالفالم  سوق جاراو المجلس الثقافي البريطانيو

...الخ ويحوي ايضا بشكل واضح على كثير من مقرات البعثات 

ية والعراقية البلوماسية والسفارات االجنبية كالسفارة الترك

 والجزائرية والقنصلية السعودية واألورغوانية واألسبانية ...الخ

   )٢٠٠٠أبو غنيمة،،()١٩٨٣أرسالن (

ً في جبل   الموقع شارع أبو بكر الصديق سابقا
عمان من الدوار األول لتقاطع شارع 

  خرفان.

إعادة إحياء شارع الرينبو، يأتي ضمن   الهدف من المشروع
تستهدف الحفاظ على هوية خطة شمولية 

أمكنة عمانية تختزن في شوارعها 
ومبانيها وإطالالتها ذاكرة العاصمة 

  .وإرثها الحضري والمعماري في آن.

 فكرة التصميم  فكرة التصميم
 تصميم يعكس شارعا يستلهم من اسمال

(الرينبو) شعارا إليضاح مفهوم  الشارع
التعددية الثقافية واالجتماعية، "شارعي 

 My Street " "متعدد األلوان 
of  many colors  

فراغات  ٨و ذلك من خالل تطوير 
  حضرية على امتداده:

  حديقة الدوار على المدخل .١
فراغ سينما الرينبو، حيث  .٢

ستتواجد شاشة كبيرة فوق مبنى 
عن عقد السينما تعرض أفالم 

  الستينات وما قبله

فراغ مدرسة أروى بنت الحارث،  .٣

حيث سيقام كشك تقتصر مبيعاته 
على القرطاسية و احتياجات 

الطلبة للتذكير بأجواء المدرسة 
  ١٩٥٠التي تأسست في العام 

  حديقة السرفيس .٤

الفراغ الحضري للحرف والثقافة  .٥
متحف على المحلية :سيقام 

انحناءة نزول سرفيس جبل عمان 
وسط األشجار في منزل تم 

عرض ياستمالكه من قبل األمانة 
جداريات ولوحات تراثية ، 

باإلضافة عمل جلسات في المنزل 
ذاته توفر إطالله بانورامية على 
عمان القديمة باتجاه جبلي القلعة 

  . والقصور

فراغ متحف بيت جاللة الملك  .٦
  طالل التاريخي

شارع فوزي معلوف  .٧
المعروف بسوق جارا،تم 

 حويله كشارع للمشاة،و هوت
سوق موسمي يبدأ أسبوعيا 

 خالل شهرجمعة  في كل يوم
 وينتهي في شهر (آب)

تقيمه سنويا  تشرين أول
جبل  جمعية سكان حي

هو سوق تراثي يقام  .عمان
وسط  جبل عمان في

يرتاده السياح ، العاصمة
 .الصيف بكثرة خالل فصل

يتضمن منطقة أطفال جميلة 
هذا ومقهى شرقي. يهدف 

السوق العائالت المحلية 
  والزائرة لألردن

بانوراما تقاطع الرينبو مع  .٨
  خرفان
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 تهدئة السرعة
Traffic 

Calming 
  

باستخدام الحجر البازلتي تبليط الشارع 
 الذي سيساهم في إبطاء سرعة المركبات

و لكنه يزيد من الضجيج عند مرور 
  السيارات

االتصال مع 
  الترابط‘ المحيط

الوصول للموقع مشياً من األحياء يمكن 
المجاورة باالضافة لألدراج القديمة 

  المتعددة التي تربط الشارع بوسط البلد.

  يوجد خط سرفيس يمر بالشارع.

تم تخصيص موقعين ليكونا مواقف 
األول في منتصف الشارع ،  للسيارات

سيارة والثاني  ٤٠يتسع لما يزيد عن 
حديقة على الدوار األول بالقرب من 

  سيارة 20 الرينبو ويتسع لـ

حالة عناصر 
  المشروع :

الكراسي، اإلنارة، 
األشجار، المظالت، 

  البالط

مصممة من مواد ذات ديمومة، اهتمام 
توفير خطوط  وتم  واضح بالتفاصيل

تصريف مياه األمطار الذي يعتبر 
  ضرورياً بسبب ميل الشارع .

ركز أهل الحي والعاملين فيه كالم  المستخدمين
البريطاني و شركة مصفاة البترول 
والمتسوقين نهاراً، أما ليالً فأصبح نقطة 

  جذب للشباب وخاصةً المراهقين.

أثره على المحالت 
  التجارية

فقد ، واضح في صفة االستعمالتغيير 
المقاهي ومحالت تحولت معظم المحال 

  الوجبات السريعة.

  

  الميادين ٦-٤

عبارة عن تحسين وتوسيع  : المشروعشارع الثقافة ١-٦-٤
الجزيرة الوسطية للشارع وتخصيصها للمشاة، فهو أقرب للميدان 

  من الشارع.

يقع المشروع في منطقة  الموقع

 الشميساني 

تزامن مع إعالن عمان عاصمة  الهدف من المشروع
بحيث  ٢٠٠٢للثقافة العربية 

يكون ملتقى للمثقفين والفنانين 
 والمهتمين

ثالثي األبعاد  خلق فضاء طولي فكرة التصميم
منتظم، يرافقه نظام متسلسل 

يسهل حركة المشاة دون قيود 
عناصر تحجب  أو وجود أية

 الرؤية بين عناصر المشروع
‘ االتصال مع المحيط

 الترابط
يمكن العبور للمشروع من 
خالل الشارع المحيط  الضيق 

م)، حيث ال توجد  ٨نسبياً( 
 ممرات مشاة واضحة المعالم،

المنطقة مركزاً لألعمال و 
 خاصة المصرفية.

المسرح،منطقة المعرض منطقة  مكونات المشروع
األكشاك، مساحة مربعة مظللة 
ومضاءة بطريقة مميزة يمكن 
استخدامها لفعاليات ثقافية ذات 
حجم صغير كالمعارض الفنية 

التي   والمنطقة الخضراء. 
م تجعل هذه ٦٠تمتد على طول 

  مناسباً للتنزهالمنطقة مكاناً 
  حالة عناصر المشروع :

الكراسي، اإلنارة، 
 األشجار، المظالت، البالط

النوافير بحاجة لصيانة، سالت 
النفايات دون المستوى، تتوفر 
مساحات مظللة بأسلوب مميز، 

المقاعد موزعة بشكل مناسب و 
 حالتها جيدة، و كذلك اإلنارة.

باب تعتبر مقصداً ترفيهياً للش المستخدمين
بشكل خاص ليالً، باالضافة 

 لزوار المعرض 

  

  (ميدان وصفي التل) الدوار الثاني ٢-٦-٤
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 ، شارع زهرانجبل عمان الموقع

ميدان مفتوح ينظم حركة السير عند  الفكرة التصميمية
  تقاطع شوارع شريانية

‘ االتصال مع المحيط
 الترابط

من الصعب العبور للدوار من خالل 
المحيطة، حيث ال توجد الشوارع 

 ممرات مشاة واضحة المعالم.

حالة عناصر 
   :المشروع

الكراسي، اإلنارة، 
 األشجار، المظالت، 

توفر مقاعد وعناصر إنارة وساحات 
مبلطة وبعض األشجار الظليلة وسالت 

 مهمالت، وحالتها جيدة.

ومقصداً “ نهارا”تعتبر مقصداً للعائالت  المستخدمين
للشباب بشكل خاص ليالً، ترفيهياً 

باالضافة يوجد منحدرات للمعاقين، 
 ولكن كيف يقطعون الشارع؟

  األحياء السكنية  ٧-٤

لالطالع على وضع حالتين دراسيتين  الجزءسنتناول في هذا 
المشاة في من حيث التخطيط العمراني، وهما جبل اللويبدة 
لالطالع على التجربة التقليدية في التخطيط الحضري التي 

التنقل محدداً اكثر بحركة المشاة ال المركبات تم اختيار جعلت 
  جبل اللويبدة. وضاحية األندلسية كنموذج للتخطيط الحديث.

  

  ، جبل اللويبدة:نموذج تخطيط تقليدي لحي سكني ١-٧-٤

الغربية من مدينة يقع جبل اللويبده في الجهة الجنوبية 
عمان ويفصله عن وسط البلد شارع األمير محمد و يمتاز 
جبل اللويبدة بسمات خاصة من حيث النسيج العضوي 
الحضري والعمراني وما رافقه من تأثير على الناحية 

 ونكهة خاصة. اًاالجتماعية والثقافية أكسبت الحي روح

ب الناس المعالم المميزة للحي نقاط جذب مدني تستقط تشكلو
، فهناك المعالم الحضرية كالساحات خارج الحيداخل ومن 

وحديقة المتحف الوطني، والمعالم  باريس والحدائق مثل دوار
والعديد من  كالمتحف الوطني للفنون الجميلةالثقافية والفنية

المراكز الثقافية والفنية، باالضافة للفعاليات االجتماعية والتي 
، اكزافيية ( تشمل بازارات ومهرجانات مثل بازار الباعونية

٢٠٠٨(. 
  

  خصائص التخطيط الحضري لجبل اللويبدة:

 ) (Compact المكثف الحضري  النسيج •
يمكن الماشي من االنتقال  (connectivity) الترابط •

  على االرصفة وعبر االدراج. بين اجزاء الجبل مشياً
االتصال بوسط البلد والجبال المحيطة حيث يمكن  •

الوصول من اللويبدة الى وسط البلد او الجبال 
المحيطة  باستخدام االرصفة وعبر االدراج و ضمن 

  رؤية الموقع الهدف المطلوب الوصول له.
حيث أن وجود (mix use) االستعماالت المتنوعة  •

المشي تجعل  متقاربةوالمحالت والخدمات  مساكنال
 لعيشا سهولةفاءة المكان وك، وتزيد من لها سهال

 .فيه
الشوارع تسير وفق الخطوط الكنتورية وضيقة نسبيا  •

يمكن للمشاة عبورها دون االخوف من خطر 
  المركبات 

صيانة ما يختص بالمشاة  كل فيمن عدة مشا الحيكما يعاني 
واستخدام الحي كموقف سيارات لقربه من  ،من ممرات وادراج
وتغيير االستعمال من سكن الى مكاتب  ،قاصدي وسط البلد

الذي يؤدي الى استقطاب عدد كبير من السيارات دون توفر و
  مواقف.

  

، مشروع نموذج تخطيط حديث لضاحية سكنية ٢-٧-٤
  :  االندلسية

: مشروع  “اسكان مسور فاخر” ضاحية األندلسية مشروع 
كيلومتر  ٢٠، يقع االسكان على بعد حديث في المراحل النهائية
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من الدوار السابع في بداية طريق مادبا المتفرع من شارع 
  المطار.

  :لضاحية األندلسيةخصائص التخطيط الحضري 

 حيث ان  الناحية التخطيطية تعززالتهدئة المرورية
تخطيط شبكة الشوارع على شكل منحنيات  يساعد 

بينما في خفض سرعة السيارات في الضاحية 
يحدد عدد المركبات الداخلة الى  االسكان المسور

  .مما يرفع مستويات السالمة للمشاةالضاحية 
  االستعماالت المتعددة: ففي وسط الضاحية يقع نادي

صحي رياضي ترفيهي وسوق تجاري ومدرسة 
غير ان الحركة بالمركبات  اطفال وعيادة صحية 

لالنتقال الى أماكن العمل و المدرسة خارج الحي هي 
  أمر الزامي.

 مخصصة للمشاةال االرصفة في الضاحية: الترابط 
تربط الضاحية وتصل الفلل بمباني الخدمات العامة 
مما يجعل المشي نزهة ممتعة لوجود مساحات 

تشجع المشي حيث تبلغ واسعة من الحدائق الخضراء 
 % من مساحة االرض.١٧نسبة البناء 

  االتصال مع المحيط : ال يوجد دراسة واضحة
ات المستثمر بتوفر وسائق نقل عواالمر ال يتعدى توق

الحركة ضمن المنظور المرئي هي فقط   عامة.
باستخدام المركبات الشخصية او خدمة سيارات 

 االجرة الخاصة (التاكسي).
  

  النتائج:

المشاريع التي نفذتها األمانة كان الغرض منها  .١
ترفيهي، ثقافي، سياحي و ليس تشجيع المشي 
كوسيلة نقل خضراء، وقد تم تجهيزها بما يلزم من 
أثاث وإنارة وتبليط، إال أن عملية الوصول إليها من 

ال يتوفر لكل خالل ممرات أو جسور مشاة  
  .المشاريع

مشي من قبل هناك عدة عوامل تحول دون تبني ال .٢
  المواطنين و التركيز على المركبات للتنقل:

o  عدم وجود شبكة مخصصة للمشاة من أرصفة
وأنفاق وجسور وممرات مشاة بشكل متصل 

  والئق 
o  عدم توفر وسائل مواصالت ذات مستوى

  خدمي مناسب.
تعكسه  الذيو City Culture)نقص ثقافة المدينة ( .٣

التصرفات الغير مسئولة من البعض كتخريب 
األرصفة والدرابزينات وعدم استخدام األماكن 

  المخصصة لهم كمشاة أو سائقين.
كلفة الحوادث الناجمة عن استخدام المركبات تفوق  .٤

بكثير كلفة تحسين وتطوير المدينة لتصبح صديقة 
 للمشاة

 تظهر اإلحصائيات أن النسبة الكبرى من الحوادث .٥
(حسب التقارير السنوية سببها المركبات الخاصة

،مما يدعو التخاذ كافة للمعهد المروري األردني)
اإلجراءات للتقليل من االعتماد على المركبات 

 الخاصة في النقل كتحسين المواصالت العامة .
غالبية الوفيات من المشاة يموتون عند محاولتهم  .٦

قارير (حسب التعبور الشوارع أو انتظار الركوب
، مما يدعو التخاذ السنوية للمعهد المروري األردني)

إجراءات لفصل حركة المرور زمانياً ومكانياً أو 
  تهدئة حركة المركبات حسب حالة الطريق.

التنقل مشياً في المدينة يعزز صورة المكان الذهنية  .٧
 .ويزيد من االنتماء للمدينة

 ) القى رضاtraffic calmingتهدئة حركة السير ( .٨
أكبر من قبل مستخدمي الشوارع و خاصةً التجار 
إذا قارناه بتخصيص الشارع للمشاة كلياً، ولكن بالط 
األرضيات البازلتي المستخدم في الرينبو نتج عنه 
تلوث صوتي و ضجيج يعكس قلة الخبرة المحلية 

 ويؤكد الحاجة لدراسات أكثر.
 المدينة غير مالئمة لتنقل ذوي االحتياجات الخاصة -٧

عدا نقاط محددة كحديقة المتحف في شارع الرينبو و 
  .بعض مداخل دوار باريس والدوار الثاني

  التوصيات:
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توفير المواصالت العامة بشكل كفء وخاصة  .١
 .الخفيفة القطارات

توفير متطلبات السالمة للمشاة مثل ممرات المشاة،  .٢
األرصفة وتطبيق وسائل التهدئة المرورية في 

  المناطق المأهولة.
ان ضعف الوعي الترويج للثقافة المرورية حيث  .٣

المروري عند المشاة وخاصة األطفال منهم، وكذلك 
عدم التعامل اآلمن من السائقين مع المشاة، ووجود 
سرعات عالية على الطرق التي يتواجد بها المشاة، 

  عوامل تساعد في إيذاء المشاة.
ل تطبيق إستراتيجية تهدئة الحركة المرورية والتقلي .٤

من سرعة المركبات داخل المدن ما أمكن مع عدم 
إغفال الناحية الصوتية من حيث استخدام بالط 

  أرضيات مناسب.

إعادة دراسة تخطيط المدن العربية القديمة  .٥
واستخالص الدروس منها فيما يتعلق باحترامها 

  لإلنسان.
النظر بايجابية لدور الشباب في إحياء المدينة  .٦

  ينة.وتعزيز انتماءهم للمد
التأكيد على مشاركة المجتمع المحلي بكافة أطرافه  .٧

 في وضع الحلول واختبارها وتعديلها. 
تشجيع توجه القطاع الخاص لتمويل الجسور  .٨

  واألنفاق مقابل استخدامها للدعاية 
تشجيع فكرة االستغناء عن استخدام السيارة لساعات  .٩

 محدودة وصوالً ليوم وهكذا .
تذاء به وخاصة في تحسين كوبنهاجن مثال نحبذ االح .١٠

أحياء عمان القديمة وخاصةً األسلوب الذي اتبع 
الخطوات الصغيرة المتسلسلة أفضل من التغيير 

 الجذري.
    

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

133



 
 

  المراجع

  .٢٠٠٤، منشورات امانة عمان  لسنة  ٢٠٠٢ -١٩٥٠  عمان في العهد الهاشمي،   ٢٠٠٤الداوود ، جورج طريف و غنايم ، زهير،  .١

 ،  منشورات امانة عمان الكبرى .  عمان تاريخ و حضاره، ٢٠٠٠امانة عمان الكبرى ،  .٢

 ، تخطيط المدن ، مكتبة النهضة العربية ، القاهرة .  ١٩٨٠عالم احمد ،  .٣

 لندن . Ws Cowell  ،  ١،ط  عمان بين االمس و اليوم،١٩٨٣أرسالن ،رمضان ، .٤

، فـي، المـؤتمر الـدولي الثـاني لتـاريخ األردن      الخمسينات والستينات في ذاكرة المعماريين األوائـل ، ٢٠٠٠أبو غنيمة، علي،  .٥

 تموز، مركز األردن الجديد للدراسات والنشر.  ٥-٣االجتماعي، المنعقد في عمان 

، اصدارات المركز تجوال في جبل اللويبدة،  ) ٢٠٠٨( جيبو، اكزافيية،    فركوح، الياس،   خريس،سميحة،   ، الرزاز، مؤنس .٦
 .الثقافي الفرنسي

  ٢٠٠٨ أمانة عمان الكبرى منشورات إستراتيجية نمو المدينة  دراسة .٧
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Abstract: 

The World Health  Organization 
(WHO) has recognized 
environmental noise as harmful 
pollution that causes adverse 
psychosocial and physiologic effects  
on human health. Traffic noise 
pollution is universal and in the past 
few decades it has grown to the 
point that it has become a major 
concern for both the public and the 
policy-makers. Airports also are 
Known to be major source of noise 
pollution , and the effect of airport 
noise on health and environment has 
sometimes becomes a major 
concern. Road and air traffic noises 
have been recognized and 
investigated especially in the 
developed world for the last few 

decades. Less research however has 
been conducted on this research area 
in developing countries. The aim of 
this paper therefore, is to investigate 
noise levels and sources at 
residential areas in Kuwait . The 
sources of noise which will be 
considered in this research include: 
Road traffic noise, airport noise, 
environmental noises and other 
metrological noise. Noise levels 
from road and air traffic at 
residential areas will be measured 
and analyzed. Contributing factors 
including road and air traffic as well 
as other environmental factors will 
be investigated. Noise levels will be 
measured using video and noise 
recorders. Four residential corridors 
in Kuwait will be selected and 
analysed.  Investigations of counter 
measures which aim at reducing 
and/or controlling noise levels will 
also be investigated and assessed.  
The paper is organized in four 
sections. Firstly an introduction and 
a background of the study is 
presented. Secondly the 
methodology of the study and the 
selected four corridors will be 
discussed and presented. The data 
collection and analysis of the results 
are then presented.   Finally, 
conclusions from the study, 
recommendations and further 
suggestions for future work are 
delivered. 

Keywords: Road and air traffic noise, 
Kuwait residential areas, Measuring 
traffic noise  
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Introduction and Previous 
research 

Urban traffic noise pollution is 
becoming more and more a universal 
problem in most world cities and it has 
been becoming a great concern to both 
the public and the cities in the 
developed and developing countries 
alike. There have been large numbers of 
studies and investigations to assess 
impacts of traffic on noise levels and 
investigate possible measures and 
policies which can be utilised to reduce 
noise levels in urban areas. The wealthy 
State of Kuwait has experienced a very 
rapid increase not only in the socio-
economic characteristics, but also in the 
amount of roads network, cars and 
travel; all of which have contributed to 
the increase in noise levels in Kuwait. 
Although the construction work which 
was required as a result of the increase 
in roads and vehicle ownership and use 
has contributed to the apparent noise 
levels in this state, still traffic noise is 
one of the major concerns in Kuwait.  

 There have been recently a number of 
studies which reported on various 
investigations in urban areas and traffic 
noise specifically in Kuwait and other 
world cities.  Recent research indicates 
that in all major urban areas of India, 
for example, the mean noise level is 
more than twice the prescribed 
international limits (Koushki et al., 
1999). In a preliminary research, traffic 
flow variables of volume, mix and 
speed as well as the noise from traffic 
were measured at nine roadway 
locations in Kuwait City (Al-Mutairi  

2009). In a comprehensive 18 months 
research project, traffic-generated noise 
was monitored at 47 roadway locations 
in fourteen districts in metropolitan 
Kuwait in 2004-2005. Simultaneously 
with noise, traffic flow variables of 
volume-by mix and traffic speed were 
also measured. Measurements of noise 
and traffic flow variables were 
performed for a period of 20 min at 
each location, repeated 3-5 times, 
during peak and off-peak hours to 
account for time-fluctuation of these 
variables. 

 Cohn and Harris (1987) and Koushki 
and Al-Rekhaimi (1993) discussed 
problem of noise pollution in 
developing and developed urban areas. 
Results show noise levels and 
predictions in the state of Kuwait with a 
population of over two and half million 
and a vehicle fleet of more than one 
million  are on the rise.  

The cumulative problems of traffic  
noise pollution represent major 
concerns for governments, local and 
public sectors  in any urban area (Al-
Mutairi et al. 2009; Koushki 1989, 
Stansfield et al. 2000). In the west, USA 
and North East of Asia, traffic noise has 
been recognized to be a major source of 
noise in the urban are and has attracted 
much more attention than is the case in 
the developing countries (Buchanan 
1963 and Croc 1988 and WHO 1999). 
Koushki et al. (1993) investigated 
impacts of traffic flow variables of 
volume, vehicle composition and speed 
on noise levels in Kuwait City. The 
study showed that the level of noise 
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(Leq) at the roadway edge was in the 
range of 70s (dBA) at the sample local 
street and of 80s (dBA) at the arterial 
and freeway locations.  

The aim of this paper therefore, has 
been to present methodology and 
approach of a study which is designed 
to investigate noise levels and sources at 
residential areas in Kuwait. The paper is 
aiming to reduce the gaps and 
limitations of previous studies in order 
to reach better understanding of the way 
forward to measure, analyse and assess 
traffic noise in urban areas. Sources of 
noise which will be considered in this 
research include: Road traffic noise, 
airport noise, environmental noises and 
other metrological noise. Noise levels 
from road and air traffic at residential 
areas will be measured and analyzed. 
Contributing factors including road and 
air traffic as well as other environmental 
factors will be investigated. Noise levels 
will be measured using video and noise 
recorders. Four residential corridors in 
Kuwait will be selected and analysed.  
Investigations of counter measures 
which aim at reducing and/or 
controlling noise levels will also be 
investigated and assessed.  The paper is 
organized in four sections. Firstly an 
introduction and a background of the 
study is presented. Secondly the 
methodology of the study and the 
selected four corridors will be discussed 
and presented. The data collection and 
analysis of the results are then 
presented.   Finally, conclusions from 
the study, recommendations and further 
suggestions for future work are 
delivered. 

Methodology of the study 

Several factors play an important role 
for the level of noise experienced by the 
residents of an urban area. In this study, 
the following factors have been 
identified to include:  

1.   Vehicle type: The type of vehicle 
(which include private car, Light Goods 
Vehicles (LGV), HGV, Buses and 
Motorcycles) have been considered to 
have major impacts on the level of 
traffic noise in urban areas. 

2.   Traffic Speed and volume: The volume 
and speed of traffic will primarily affect 
the amount of noise that is produced 
from exhaust system and tire-pavement 
interaction as well as over all noise 
levels. This factor has been taken into 
account when designing the survey for 
data collection. 

3.  Throttle/ Acceleration: Whether a 
vehicle is accelerating or cruising 
affects the amount of noise produced 
from exhaust system and engine 
compartment. Increase roadway grades 
and multiple traffic control devices can 
increase noise by lengthening the time 
the vehicle is in acceleration   

4.  Distance to source: The distance from 
the source of noise to the receiver (e.g. 
from a vehicle to house) has a 
significant impact on the noise level at 
receiver site. 

5. Other factors: Other factors that affect 
the level of noise at the receiver include 
the type of terrain and vegetation, 
obstacles between the source and the 
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receiver, and pavement type and 
conditions.  

The methodology which is followed in 
this to investigate noise levels and 
sources at residential areas in Kuwait, is 
based on using noise measurements as 
well as parallel video recording of the 
selected sites in order to collect 
information on all the required factors 
which will be included in the study. 
This will be an addition to the previous 
research and is designed to reduce the 
gaps and limitations in previous studies 
to reach better understanding of the way 
forward to measure, analyse and assess 
traffic noise in urban areas. Sources of 
noise which will are included in this 
research include road traffic noise, 
airport noise, environmental noises and 
other metrological noise. Contributing 
factors including road and air traffic as 
well as other environmental factors 
have also been investigated. The four 
residential corridors in which are 
selected for the analysis in this study 
have been carefully selected to represent 
the typical corridors in urban areas in 
Kuwait. The locations were chosen 
from the city map to facilitate a 
representative monitoring sample of all 
four roadway classes: freeways, 
arterials, collectors, and local streets. 
Besides, the sites were carefully 
selected to account for the differences 
that existed in the physical, land-use 
development, and general population 
density between many districts in 
metropolitan Kuwait.  

Investigations of counter measures 
which aim at reducing and/or 

controlling noise levels will be assessed 
and identified as a result of the study. 

Measurement of traffic noise 
levels 

A number of factors need to be 
considered when traffic noise 
measurements are made. In this study, it 
has been decided to include the 
following factors: Time of day, e.g., 
peak hour (for example 7:30 a.m. to 
8:30 a.m.) vs. any other time of day; 
day of week, e.g., weekend day vs. 
working day; week of year, e.g. tourist 
season vs. non-tourist season; 
representativeness of the noise, traffic 
volume, location, composition of traffic  
and any other contributing urban 
factors. It has been agreed that the noise 
measurement should represent both the 
highest, average and lowest hourly 
noise level generated from 
representative noise sources for that 
area. The period with the highest sound 
levels could be not necessarily at the 
peak traffic hour but rather, during 
some period when traffic volumes are 
lower but the truck mix or vehicle 
speeds are higher. Measurements should 
be made at representative locations to 
include residential neighbourhoods, 
commercial and industrial areas, parks, 
and other public places. Measurements 
are normally restricted to outdoor areas. 
Measurements are usually taken in one 
of three exterior locations: (1) at or near 
the highway right-of-way line; (2) at or 
near buildings in residential or 
commercial areas; and (3) in an area 
between the right-of-way line and the 
building if frequent human activity 
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occurs, such as a patio or the yard of a 
home. Representativeness relates to the 
noise typically found in a given 
location. Measurements are made to 
represent an hourly equivalent sound 
level, Leq(h). For statistical accuracy, a 
minimum of approximately 8 min of 
measurements must be made. 

Traffic noise and flow data 

Both peak and off-peak noise levels and 
traffic flow are needed to be measured 
concurrently for 20 min at each chosen 
roadway site. Three measurements over 
different weeks, for every location will 
be analysed. The monitoring times of 
measurements range from 7:30–8:30 
am, 3:00–4:30 pm, and 5:30–8:30 pm 
(evening). Traffic volume and mix will 
be monitored using the handtally 
method. A radar speed-measuring 
(Decatur Genesis mod- el GHD-KPH) 
tool will employed to document the 
speed of traffic. Traffic noise will be 
quantified with Bruel and Kjaer sound 
level meters (Precision Integrating 
Sound Level Meter Type 22 36), with a 
type 4166 outdoor microphone unit. The 
microphone and video will be 
positioned on the walkway next to the 
edge of the roadway traffic lane. The 
instrumentation use will be calibrated in 
accordance with the manufacturer’s 
suggested procedure (Bruel and Kjaer 
1998). Noise measurements included 
the equivalent sound level (Leq), the 
10-percentile level, L10, the L90, L50, 
Lmax, and the Lmin. The Traffic Noise 
Index and the Noise Pollution Level 
will also be estimated for each roadway 
type and monitoring phase. The noise 

intensities will be measured at close 
proximity of residences to be 
representative of exposure of people. 
The instrument will be programmed to 
record noise samples at 1-s intervals 
during the 20-min monitoring period.  

This study will be carried out in 
metropolitan Kuwait with a sound level 
meter to assess peak hour and off-peak 
hour noise level. Findings of this 
research will aim to show if the level of 
traffic-generated noise pollution in 
Kuwait urban area is high enough to 
adversely affect the human health and 
well-being of its residents. People 
residing in neighbourhoods are exposed 
to higher noise levels have significantly 
higher stress and noise annoyance levels 
and also adversely affected their sense 
of well-being. In the responder analysis, 
those people living in quiet 
neighbourhoods will have significantly 
higher mean scores in general health.   

Anticipated Results 

Findings will be analysed in terms of 
traffic impacts on noise levels in various 
urban areas and taking onto account a 
number of traffic related factors such as 
traffic volume, location of site, 
composition of traffic, presence of any 
other source of noise sources.  The 
study will aim to show whether traffic 
noise is at or above, the standard 
outdoor limits in most locations and 
especially at arterial roadways and 
freeways. Recommendations 
concerning measures to improve the 
problem of urban traffic noise pollution 
in Kuwait will also be made.  
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Conclusions 

Preliminary findings of this research 
project will show if the level of traffic 
generated noise pollution in Kuwait 
urban area is high enough to adversely 
affect the welfare activities and 
productivities of its residents. With the 
rapidly growing rate of infrastructural 
development and unplanned urban land-
use change, it is almost certain, that 
problem of urban traffic noise pollution 
will soon assume a critical dimension 
and will be a cause of increasing 
concern for both public and responsible 
policy-makers. The quality of urban life 
will undoubtedly be adversely affected.    
Investigations of counter measures 
which aim at reducing and/or 
controlling noise levels will also be 
investigated and assessed.  Finally, 
conclusions from the study, 
recommendations and further 
suggestions for future work are 
delivered. 
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Roundabout Speed Profiles on Major 

Street Arterials in Jordan 

Abstract 

Traffic calming is being practiced all over 

the world to reduce the traffic speed along 

highway and street arterials to increase the 

safety levels using different types of 

physical and nonphysical measures. Two 

major types of traffic calming physical 

measures are being used; vertical such as 

speed humps, and horizontal such as 

roundabouts.  

This study aimed at studying the speed-

space relationship for vehicles approaching, 

circulating at, and leaving the roundabout to 

identify the roundabout role and extent in 

speed reduction along major urban and 

suburban street arterials based on data 

collected from three Jordanian cities; 

Amman, Zarqa and Irbid. Speed data were 

collected using laser radar gun during off 

peak and sunny periods, while geometric 

data were obtained through field surveys. 

Speed measurements were made at several 

stations before, at and after the selected 

roundabouts.  

The developed profile showed that the 

effect of roundabout on speed reduction 

starts at around 150-200 m upstream of the 

roundabout entry, with different speed 

reduction rates depending on the 

approaching FFS and distance from entry 

and it increases dramatically at the last 50 m 

from the entry. It was observed that the 

lowest speed values were reached at the 

middle of the circulatory roadway and exit 

speed found to be higher than the entry 

speed. There is no clear effect for the 

roundabout geometric characteristics on the 

roundabout speed transition distance.  

The developed speed profiles were also 

compared with other international profiles 

from USA and Italy. The developed speed 

profile was found to be very close to the 

USA speed profile and far from the Italian 

speed profile. 

Keywords: roundabout, speed, calming, 

profile, Jordan 
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Introduction 

In the recent years and with the rising traffic 

safety problem represented by the 

continuously increasing numbers of 

fatalities and injuries, traffic calming is 

being practiced all over the world to reduce 

the traffic speed along highway and street 

arterials to increase the safety levels using 

different types of physical and nonphysical 

measures. Two major types of traffic 

calming physical measures are being used; 

vertical measures such as speed humps, and 

horizontal measures such as roundabouts. 

Roundabouts are widely used in Jordan due 

to their effectiveness in traffic control and 

low cost.  

In this research, speed profiles will be 

developed along seven selected roundabouts 

with their upstream and downstream 

approaches that serve the through traffic 

movements to investigate the speed-space 

relationship for passenger cars as their 

drivers approach and leave these 

roundabouts. The developed speed profiles 

will also be compared with other 

international profiles from USA and 

Europe.  

Literature Review 

As defined by the Federal Highway 

Administration (FHWA), a modern 

roundabout is a type of circular intersection 

that is characterized by a generally yield 

control at entries, channelized approaches, 

and geometric curvature that slow entering 

vehicles (FHWA 2000). The Roundabout is 

a major  type of horizontal deflection 

calming measure that utilize the forces of 

lateral acceleration to reduce vehicle speeds 

by forcing vehicles to move around the 

roundabout horizontal curves. Roundabouts 

geometric design forces drivers to slow 

down from the regular road speed to 

negotiate the roundabout safely, then 

reaccelerate back to the road speed forming 

a unique speed profile (Margarida et al. 

2006).  

Bassani and Sacchi (2011) have developed a 

speed profile for roundabouts, found that the 

speed transition distance is a function of the 

internal circle diameter, and noticed that 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

145



speeds in t

constant. 

(TRB 200

decrease u

in the cen

which th

linearly. T

profiles is 

Figure 1 Bass

Other rou

developed

approach 

with speed

300, 250, 

of the ro

constant c

Figure 2. 

Zirkel et 

differences

the circulato

While the

07), showed

until the min

ntral point 

he operati

The differe

as shown in

sani and Sacci V

Speed Pro

undabout 

d by the 

speeds of 

d reduction

and 200 ft.

oundabout m

circulating 

al. ( 02013

s between 

ory roadway

e NCHRP 

d that opera

nimum valu

of the traje

ing speed

ence betwe

n Figure 1. 

Versus NCHRP 5

files ( 0 2007) 

speed pro

FHWA 

70, 55, an

ns that hav

. respective

midpoint w

speeds as

3) noticed 

entering an

y are almos

572 repor

ating speeds

ue is reached

ectory; after

ds increase

en the two

572 Roundabout 

ofiles were

(2000) for

nd 40 km/h

e started a

ly upstream

with almos

s shown in

that higher

nd approach

 

st 

rt 

s 

d 

r 

e 

o 

 

t 

e 

r 

h 

at 

m 

st 

n 

r 

h 

spe

An

pre

rou

a f

lan

saf

 

Da

A t

Irb

ope

wit

any

dow

roa

flow

eeds result 

ngelastro (20

edict the 

undabout ap

function of 

ne roundabo

fety. 

Figure 2

ata Collecti

total of 7 ro

bid city w

erational c

th good pav

y severe 

wnstream a

adside obsta

w speed w

in higher 

010) has de

differenc

pproach and

the sight d

outs and the

2 FHWA (2000) 

on and Red

oundabouts 

with differe

haracteristic

vement con

gradients.

pproaches h

acles that m

with no cal

crash rate

eveloped a m

ce betwee

d entrance sp

distance fo

eir effect o

Speed profiles. 

duction 

were select

ent geomet

cs from l

nditions and

. The u

had to be fr

might affect 

lming meas

 

s. Also, 

model to 

en the 

peeds as 

or single 

n traffic 

 

ted from 

tric and 

ocations 

d free of 

upstream 

ree from 

the free 

sures or 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

146



traffic con

projection

provide a

through 

circulatory

The free 

collected u

the sunn

conditions

were no p

the rounda

data were 

that have 

when ther

vehicles p

are enterin

speeds wi

give priori

Since diffe

in differen

and cause

roundabou

stations we

entries an

compariso

ntrol device

s for the 

an almost 

movement

y roadway in

flow spe

using the l

ny days 

s and during

policemen p

about entry

collected f

arrived at 

re were no 

present to m

ng the roun

ithout havin

ity to other 

ferent round

nt lengths fo

e different 

ut entries an

ere measure

nd exits t

on. 

es. The Ent

selected r

straight pa

ts (except

nside the ro

eed (FFS) 

laser radar 

with dry 

g the times 

present in th

y and midpo

for the leadi

the round

conflicting

make sure th

ndabout wit

ng to slow

conflicting 

dabout diam

or circulator

distances b

nd exits, sp

ed from the

to ensure 

try/exit legs

roundabouts

ath for the

t at the

oundabout).

data was

gun during

pavemen

when there

he area. For

oint speeds

ing vehicles

dabout entry

g circulating

hat vehicles

th free flow

w down and

vehicles. 

meters resul

ry roadways

between the

peed profile

roundabou

a uniform

 

s 

s 

e 

e 

   

s 

g 

nt 

e 

r 

s, 

s 

y 

g 

s 

w 

d 

lt 

s, 

e 

e 

ut 

m 

On

con

as 

pat

sho

eac

and

we

nly through

nsidered for

it is consi

th. FFS w

own in Fig

ch station. 

d average sp

ere develope

Figure 3

h moveme

r the speed 

idered as th

as measure

ure with 1

Based on 

peed, the sp

ed.  

3 Speed Measur

ent vehicle

profile obs

he fastest 

ed at the 

00 observa

the 85th pe

peed- space 

rement Stations 

 

es were 

ervation 

possible 

stations 

ations at 

ercentile 

profiles 

 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

147



Developin

The spee

roundabou

approach 

to investig

traffic cal

vehicles op

suburban 

show the 

profiles fo

different 

roundabou

exit speed

the entry s

were rea

circulatory

Table 1 Speed

N. 
300m 2

  

1 86 

2 79 

3 67 

4 53 

5 54 

6 60 

7 46 

A
vg

  

63.6 

%
 R

ed
. 

0 

 

ng Speed Pr

ed profiles

uts with 

free flow s

gate the role

lming mea

perational s

arterial str

85th percen

for the sev

upstream 

ut geometri

d was obser

speed, and t

ached at 

y roadway.  

d Profile Data U

Sp

200m 150m 10

Measu

86 83 

79 77 

67 66 

53 52 4

54 53 

60 60 

46 46 4

63.6 62.4 5

0 1.6 8

rofiles  

s for seve

different 

speeds were

e of the roun

asure in re

speeds alon

eets. Figur

ntile and av

ven roundab

approach 

ic characte

rved to be 

the lowest s

the midd

Upstream & Insid

ot Position 

00m 50m Entry

ured Speed (km/h) 

76 64 40 

70 54 37 

62 53 37 

49 42 35 

51 43 31 

57 50 38 

41 35 31 

58.1 48.6 35.5

8.5 23 42.5

en selected

upstream

e developed

ndabout as a

educing the

g urban and

es 4 and 5

erage speed

bouts, with

FFS, and

ristics. The

higher than

speed values

dle of the

de Roundabouts

y Center Exit

35 38 

33 40 

34 38 

33 37 

28 35 

33 39 

28 31 

5 32 36.8

5 48.1 40.2

 

d 

m 

d 

a 

e 

d 

5 

d 

h 

d 

e 

n 

s 

e 

 

A c

am

pro

app

cle

200

rea

the

rea

als

red

so 

At 

inc

aro

Fi
 

comparison

mount of spe

ofile with 

proach FFS

ear that spe

0 m befor

aches 1.6%

en increases

aching 23 %

o noticed t

duction is n

the speed-s

the dow

creases unti

ound 150m f

igure 4 85th Perc

Figure 5 Averg

was also m

eed reductio

respect 

S as shown

eed reductio

e the roun

(on average

s dramatica

% at 50 m 

hat the diff

ot equal at 

pace relatio

wnstream a

il reaching 

from exit.  

centile Speed Pr

gae Speed Profil

made to quan

on along th

to the u

n in Table 

on starts at

ndabout en

e) at around

ally at 100 

from entry

fferences in 

different in

onship is no

approaches,

the road s

rofile for all Rou

le for all Rounda

 

ntify the 

he speed 

upstream 

1. It is 

t around 

ntry and 

d 150 m 

m until 

y. It was 

percent 

ntervals, 

ot linear. 

, speed 

speed at 

 
undabouts 

 
abouts 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

148



Comparing

the Italian

study prof

where the

linear and

according 

transition 

the speed 

upstream 

FHWA ca

reduction 

upstream 

other han

assumes 

circulatory

with this s

difference 

roundabou

Also, Bas

that speed

entry and 

while this

increase an

before. A 

provided i

g the develo

n and USA p

file is closer

e speed-spa

d the rate o

to the 

distances w

reduction s

from the 

ase, while 

starts at 

of the roun

nd, Bassan

a constan

y roadway a

study findin

in the 

ut entry, ce

ssani and S

d decrease

increase l

s study pro

nd decrease

summary 

in Table 2 

oped speed 

profiles sho

r to the FHW

ace relation

of reduction

upstream 

were also d

starts at alm

center po

in this s

almost 1

ndabout en

i and Sac

nt speed 

and this doe

g where the

speed be

enter and 

Sacchi prof

s linearly 

linearly aft

ofile show

e rates as wa

of the com

and Figure

profile with

ow that, this

WA profile

nship is no

n is varying

FFS. The

different, as

most 100 m

oint in the

study speed

150-200 m

ntry. On the

cchi profile

inside the

es not match

ere is a clear

etween the

exit points

file assumes

before the

ter the exi

ws nonlinear

as explained

mparison is

e 6.  These

 

h 

s 

e, 

ot 

g 

e 

s 

m 

e 

d 

m 

e 

e 

e 

h 

ar 

e 

s. 

s 

e 

it 

ar 

d 

s 

e 

dif

dif

stu

 

D

R
R

Sp
ci
ro

M
Tr
D

Sp
sp
re

Fi

 

fferences c

fferences in

udied countr

Table 2 Com

Description O

Reduction 
Rate V

peed at 
irculatory 
oadway 

V

Max 
ransition 

Distance 

15

E

peed-
pace 
elationship 

No

gure 6 Compari

could be 

n driver beh

ries.  

mparison with O

Observed U
(F

Varying V

Varying V

50-200 m 
from 

Entrance 

100
C

ot Linear No

 

sion Between Ita

Speed Profi

related 

havior betw

Other Speed Prof

USA 
FHWA) 

I
(Ba

S

Varying Co

Varying Co

0 m from 
Center f (d

ot linear L

alian , USA and 

files 

 

to the 

ween the 

files 

Italian 
assani & 

Sacchi) 

onstant 

onstant 

diameter) 

Linear 

 

Proposed 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

149



 
 

Conclusions: 

This study aimed at studying the speed-

space relationship for vehicles at upstream, 

inside, and downstream of roundabouts. 

Filed measurements were made at several 

stations before, at and after for 7 selected 

roundabouts. The developed speed profiles 

were compared with other international 

profiles from USA and Italy.  

The developed speed profiles showed that 

the effect of roundabouts on speed reduction 

starts at around 150-200 m upstream of the 

roundabout entry, with different speed 

reduction rates depending on the 

approaching FFS and distance from entry 

and it the reduction rate increases 

dramatically at the last 50 m from the entry. 

It was observed that the lowest speed values 

were reached at the middle of the 

circulatory roadway and exit speed found to 

be higher than the entry speed. There was 

no clear effect for the roundabout geometric 

characteristics on the roundabout speed 

transition distance. The developed speed 

profile was found to be closer to the USA 

(FHWA) speed profile than the Italian 

(Bassani and Sacchi) speed profile. 

Recommendations: 

Further research is recommended to find the 

effect of the approach geometric conditions, 

road classification, and land use upstream 

and downstream of the roundabout on the 

speed profile and reduction rates as well as 

the effect of the roundabout geometric 

characteristics on speed transition distance.  
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Abstract— Abstract—highway related accidents are considered one of the most 
serious problems in the modern world as traffic accidents cause serious threat to 
human life worldwide. Jordan, a developing country, has high and growing level 
of traffic accidents resulting in more than 13000 fatalities between 1989 and 2012 
with an average annual cost of over $500 million. Prediction of future traffic 
accidents is therefore of utmost importance in order to appreciate the magnitude 
of the problem and speed up the decision making towards its alleviation. In this 
paper, a traffic accident prediction model was developed using the novel 
Artificial Neural Network (ANN) simulation with the aim of identifying its 
suitability for prediction of traffic accidents under Jordanian conditions. The 
results demonstrated that the estimated traffic accidents, based on sufficient 
data, are close enough to actual traffic accidents and thus are reliable to predict 
future traffic accidents in Jordan.   
 
 
Index Terms— Traffic accidents, Neural network, Developing countries, 
Regression, Prediction models 
 

I. INTRODUCTION 
Traffic accidents cause serious threat to human life worldwide. According to the 
World Health Organization (WHO), more than 1.2 million people die each year in 
motor vehicle accidents and more than 50 millions are injured worldwide. Jordan, as 
one of the developing countries, has high level of traffic accidents where there were 
more than 13000 fatalities between the years 1989-2012 calling for the need to 
determine the current and future magnitude of the epidemic in order to take necessary 
actions to curb this ever growing problem.  
 Extensive research has been carried out into the prediction of traffic accidents in both 
developed and  developing countries using various statistical techniques. However, 
the numerous variables and complex relationships between the characteristics of the 
various traffic elements require analytical techniques other than traditional. A recent 
approach to analyze these relationships is the artificial neural networks (ANN) which 
has been proposed  and employed successfully by many scientists as an alternative to 
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the conventional regression approach in forecasting time series pertaining to complex 
atmospheric and environmental phenomena. This paper presents and discusses the 
development of a prediction model for estimating future traffic accidents in Jordan 
using the ANN approach.  
 

II. ARTIFICIAL NEURAL NETWORKS AND THEIR APPLICATIONS  
 

Artificial Neural Network is a sub-domain of artificial intelligence system which has 
been used recently to solve wide variety of civil engineering problems. A neural 
network is a data-modeling tool and an information processing paradigm that 
represents complex relationships in a manner similar to the human brain. ANNs are 
known to be universal function approximators and are capable of exploiting nonlinear 
relationships between variables. 
Neural networks are a wide class of flexible nonlinear regression and discriminate 
models, data reduction models, and nonlinear dynamical systems. They consist of an 
often large number of “neurons,” i.e. simple linear or nonlinear computing elements, 
interconnected in often complex ways and often organized into layers [1]. The key 
element of this paradigm is the novel structure of the information processing system. 
It is composed of: 
1.Highly interconnected processing elements (neurons. Each neuron has a value , 
weight and bias(constant) where the neuron’s net input is the value of the neuron 
multiply  by the weight plus the bias.  
2. Layers composed of an input layer which contains the data to be classified by the 
network (independent variables), one or more hidden layers which do the processing, 
and an output layer which contains the desired output ( dependent variable). Each 
layer consists of neurons connected to every other neuron in the previous layer by a 
link that represents the weight.  An example of an ANN with its various layers is 
shown in “Fig. 1”.[2] 

 

Figure 1.  Typical layers in neural networks 

 

3.Activation functions: These are also called transfer functions that define the 
mappings from inputs to hidden nodes and from hidden nodes to output(s), 
respectively.[3] Artificial Neural Networks have been utilized successfully in solving 
engineering problems related to classification, prediction, and function 
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approximation. In the transportation area, ANN has many applications and when 
applied to predict speed, for example, McFadden etal [4] found it  to offer predictive 
power superior to those of regression models. This is mainly because of their ability 
to model non-linearity, and flexibility with large complex data sets.  

Further applications include the work of Shoukry [5] who used the ANNs in 
classification of severity levels of accidents and reported various applications of ANN 
in the transportation field  especially in the traffic safety area.   

   Chiou [6] employed ANN to develop an expert system for the appraisal of two-car 
accidents, Xiangzheng  Xu [7] applied the ANNs technique to evaluate traffic safety 
in China, and Wenhui [8] researched the evaluation of safety in traffic accident scene 
based on ANN. 

 

III. DEVELOPMENT OF ANN PREDICTION MODEL 

Developing the ANN model for accident prediction involved a sequence of steps as 
follows: 
1.Data collection phase which included the following input data: 

 
- V:  number of registered vehicles  
-  P:  population 
- L: total length of paved roads  
-  G: the gross domestic product 
 
The data is divided into three sets; training data.(about 70% of the total data), 
validation data (about 15% of the total data), and testing data (about15% of the total 
data). Training, validation and testing of the network was performed using MATLAB. 
The statistical analysis was performed using the SPSS statistical software, and the 
Selected transfer functions were 
- Input hidden layer : Tan-sigmoid transfer function 
- Output hidden layer : Linear transfer function 

 
The training process includes the following operations: 
- Setting initial values for weights  
- Evaluating the output based on initial weights. 
- Measuring the error (mean square error or any function to calculate the error) 
- Adjusting the weights using rate of learn(usually small value such as 0.01) 
- The weights continue to be modified as each error is computed. If the network is 

capable and the learning rate is set correctly, the error is eventually driven to zero. 
- In the validation phase, no adjustment occurs to the weights. Validation is 

necessary to measure the performance of the network model where the predicted 
values are compared with the actual as given by the validation data. This process 
can be integrated with training process to improve the performance of the model 

 
- Through the testing process, the predicted values are compared with the input 

values using testing data that was not used in training or validation process. 
Again, no adjustment occurs to the weights 

-   The architecture of the ANN was as shown in  “Fig.2”. [9] 
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Figure 2.  Architecture of the ANN  

IV. RESULTS 

The Neural Networks allow the development of different alternatives by changing the 
number of hidden layers. Four alternative models, with different number of hidden 
layers, were considered  and Table 1  summarizes the results. 

TABLE I.  NEURAL NETWORK ALTERNATIVES  

Model 
No. 

Number 
of 
hidden 
layers 

ra 
(Training) 

r 
(Testing)  

 r 
(Validation) 

R2 

1 1 0.9972 0.9960 0.9998 0.986 
2 2 0.9995 0.9913 0.9984 0.987 
3 3 0.9984 0.9814 0.9966 0.989 
4 3b 0.9950 0.99999 0.9994 0.992 

a. r : the correlation coefficient between the actual and the predicted values 
b. three hidden layers with several training cycles  

 

Model  4 was found to be the best model with the highest coefficient of determination 
( R2 =0.992). A comparison between the actual and the predicted values using model 4 
produced the results shown in table 2. The results were found to be very satisfactory 
with relatively small residuals especially in recent years where more reliable data 
bases are available through using more advanced data compilation techniques. The 
various ANN model outputs are displayed in “Fig. 3”. 
 

TABLE II.  ACTUAL AND PREDICTED NUMBER OF ACCIDENTS USING ANN  

Year  Actual  Predicted  Residual  

1990 17838 25262.53 -7424.53 

1991 18756 19977.13 -1221.13 

1992 20970 17948.62 3021.383 

1993 24799 20034.64 4764.365 

1994 26837 26820.84 16.16152 

1995 28970 29761.88 -791.879 

1996 33784 30965.42 2818.581 
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1997 39005 34767.66 4237.336 

1998 43343 39702.99 3640.009 

1999 50330 44307.13 6022.865 

2000 52796 54230.03 -1434.03 

2001 52662 55018.03 -2356.03 

2002 52913 57601.76 -4688.76 

2003 62115 62542.11 -427.112 

2004 70266 69560.79 705.2115 

2005 83129 85324.17 -2195.17 

2006 98055 100570.1 -2515.1 

2007 110630 110845.4 -215.371 

2008 101066 109537.3 -8471.32 

2009 122793 125060.2 -2267.2 

2010 139396 139254.2 141.7603 

2011 142588 151803.8 -9215.79 

 
Figure 3.  ANN output  

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

155



V. CONCLUSION 

Road traffic accident in Jordan constitutes a serious problem and prediction of its  
future magnitude using reliable approaches has become a necessity. Artificial Neural 
Networks (ANN) is a novel approach which proved to be successful in solving 
engineering problems and researchers found it to offer productive power superior to 
those of traditional regression models. 

An accident prediction model was developed using the ANN approach through 
analyzing the relationship between accidents and parameters affecting them for which 
data were available. The model was validated and found to produce good results 
under Jordanian traffic conditions thus can be used with confidence to predict future 
traffic accidents on the national road network. 
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Laboratory Performance of Reclaimed Asphalt 
Mixtures in Jordan 

Abo-Qudais, Saad, Asi, Ibrahim and Al-Ramahi, Eman 
ABSTRACT 

Using Reclaimed Asphalt Pavement (RAP) in asphalt concrete mixes has 
become a common practice in many countries. Experience indicated that the 
recycling of asphalt pavements is very advantageous from different perspectives. 
Some of the advantages of utilizing RAP include conservation of asphalt and 
aggregate resources conservation of energy, and reduction in asphalt concrete 
mixes life-cycle cost. In spite of that RAP has never been used in Jordan in 
construction of roads.  

Although 20 to 50% of RAP is typically used in HMA mixes, but in this research 
maximum RAP replacement percentage was limited to 15% because materials 
properties of some of the milled roads in Jordan are marginal, using RAP in Jordan 
is new and only Patch asphalt mixing plants are used in Jordan and none of them is 
adopted to use RAP.   

The study included collection and evaluation of milled materials from three roads 
from the Northern, Central and Southern parts of Jordan, then evaluation of 
inclusion of different percentages of the RAP (0%, 5%, 10% and 15%) on the 
mechanical properties of HMA mixes.  Evaluation tests included resilient modulus 
and dynamic creep.  

It was found that, 10% RAP was the optimal replacement percentage for both the 
evaluated properties and for the used milled materials. One of the local asphalt 
mixing plants was modified to receive RAP and a test section was constructed to 
prove to local authorities the advantages of using RAP in asphalt mixes.  

 
Introduction 
The resulting materials during roadways maintenance and rehabilitation activities 
are usually known as Reclaimed Asphalt Pavements (RAP), which is normally 
produced by milling existing asphalt pavements or crushing materials resulting 
from old asphalt pavements removal. Since most of roadways are constructed 
using high-type bituminous pavements, RAP materials, if properly processed, will 
consist of high quality, well-graded asphalt coated aggregates. RAP materials are 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

159



 

 
 

most usually processed in central plants, but can be performed directly on site 
using appropriate machinery as in the cases of cold in-place or hot in-place 
(FHWA, 2011; The Washington Asphalt Pavement Association, 2002). 

RAP can be used in many highway construction applications as an aggregate 
substitute and asphalt cement supplement in recycled asphalt paving (hot mix or 
cold mix). In addition, it can be used as a granular base or subbase, stabilized base 
aggregate, or as an embankment or fill material (FHWA, 2011). Using RAP in 
asphalt mixes has become a common practice in many countries, as indicated by 
(Brown, 1984; Page, 1987; Page and Murphy, 1987), because there are many 
advantages in using reclaimed asphalt pavements (RAP) as recycled material such 
as cost savings potential, reducing pavement life-cycle cost, reduction in landfill 
usage, protecting the environment and protecting the aggregate and asphalt 
resources.   This implies that using RAP is beneficial in many economical, 
technical and environmental fields. Ultimately, recycling asphalt creates a cycle of 
reuse that optimizes the use of natural resources and sustains the asphalt pavement 
industry. For this purpose the transportation agencies, in different parts of the 
world, started using high percentages of RAP in asphalt concrete mixes. 20 to 50% 
of RAP is typically used in HMA mixes; however, up to 80% RAP has been used 
in some HMA pavements.  

According to many studies, using normal RAP percentages in bituminous mixtures 
produces similar performance mixes to conventional mixes with the capability of 
correcting most surface defects, deformation, and cracking. Due to its economical, 
technical and environmental advantages, and due to progress in research in the 
field of RAP usage, there is increase in used RAP percentages in HMA mixes in 
both construction and maintenance. Using higher RAP percentages has added 
advantages to economic point of view of RAP usage and made pavement 
construction sustainable over time because of lower energy and natural resource 
consumption.  

Considerable amount of work has been done in studying the performance of 
recycled mixes. A number of researchers (Little and Epps,1980; Little et al., 1981; 
Meyers et al., 1983; Brown, 1984; Kandahal et al., 1989) pointed out that recycled 
mixes performed equally or in some cases better than conventional mixes. 

Initially, most RAP users have decades of experience with HMA containing low to 
moderate percentages of RAP (i.e., below 25% by weight of aggregate). This was 
due to the fact that that those users are reluctant to increase RAP contents because 
they have a general perception that RAP mixtures may be more susceptible to 
various modes of cracking (i.e. fatigue, thermal, reflection). This is due to the fact 
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that the RAP binder is aged, stiffer and less strain tolerant than a virgin binder. As 
the RAP content increases there is the potential for an increase in mixture stiffness 
and decrease in resistance to cracking resulting in earlier performance problems 
and increased rehabilitation costs.  One suggested method of increasing the 
durability of high RAP mixtures is to adjust the grade of the virgin binder 
according to AASHTO M323 recommendations (AASHTO, 2012). AASHTO 
M323 is based on tiers of RAP percentages. Each tier represents a RAP percentage 
by weight of the aggregate. When the percentage of the used RAP in the mix is 
lower than 15% by weight of aggregate, there is no need to make any changes in 
the binder grade selection criteria. When between 15 and 25 percent RAP is used 
in an asphalt mixture, it is suggested that both the high and low performance 
grading (PG) temperatures should be reduced by one performance grade. When 
more than 25 percent RAP is in the mixture, blending charts should be used to 
determine the appropriate virgin binder grade.   

Al-Rousan et al. (2008) conducted a study using Reclaimed Asphalt Pavement 
(RAP) in asphalt mixes. In this study two hot asphalt mixes were prepared 
following gradations recommended by the Ministry of Public Works and Housing 
(MPWH/ Jordan). Marshall Mix design procedure was used to determine the 
optimum asphalt contents for both mixes. The first mix composed of 100% fresh 
aggregate and virgin asphalt and the second mix composed of 30% RAP and 70% 
fresh aggregates and the addition of virgin asphalt. Marshal stability, loss of 
Marshall Stability, water sensitivity, indirect tensile strength, dynamic creep and 
fatigue tests were performed on samples from the two mixes. Comparing the 
results of the conducted tests indicated that the use of RAP in HMA mixes was 
advantageous in all properties measured except for the fatigue test, where shorter 
fatigue life was observed due to the aging of the asphalt present in RAP. The mix 
containing RAP showed less reduction in both losses in stability and loss in 
indirect tensile strength, improved stripping resistance and better creep 
performance than the mixture with fresh aggregates. Therefore, it is preferred to 
use mixes containing RAP in highways, where fatigue is not the predominant 
distress type.  

NCAT completed a study comparing virgin and recycled asphalt pavements using 
data from the LTPP program (NCAT, 2009). Data from 18 projects across North 
America were analyzed to compare paired sections of virgin asphalt mix and 
recycled asphalt mix containing 30 percent RAP. The projects ranged from 6 to 17 
years. The distress parameters that were considered were rutting, fatigue cracking, 
longitudinal cracking, transverse cracking, block cracking, and raveling. An 
analysis of variance test indicated that performance of recycled and virgin sections 
were not statistically different except for fatigue, longitudinal cracking, and 
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transverse cracking, where the virgin sections performed slightly better overall 
than the RAP sections. Additional statistical analyses using paired t-tests showed 
that the RAP mixes performed better than or equal to virgin mixes for the majority 
of the locations for each distress parameter. 

Aravind and Das (2006) reported that central plant hot mix recycling is one of the 
important techniques adopted for recycling of asphalt pavement materials. 
Literature review reports varied levels of performances (laboratory as well as field) 
of recycled mix compared to the performances of corresponding original mixes. 
Therefore, there is a need for conducting performance-related tests before 
preparing any recycled mix design. 

In many countries, attitudes towards the use of RAP in the mixing plants are 
similar to those towards the use of normal hot mix asphalt. A number of agencies 
prefer limiting the addition of RAP to a small amount, 10 to15 %, of total 
aggregate quantity. By adding only a small amount of RAP, the influence of the 
homogeneity on the resulting asphalt mixture is minimized and can be almost 
neglected. There are even suggestions that the aggregates in the RAP do not have 
to meet all the requirements as is the case with virgin aggregates e.g. the polished 
stone value (PSV) can be less than the required values as there is only 10% to 15% 
of this material in the total mixture (PIARC, 2003). 

In batch plants heat-transfer method is used by adding the unheated RAP directly 
in the weighing unit to the super-heated (up to 275º C) virgin materials, rather than 
being heated in a separate heating drum.  The reclaimed asphalt pavement is 
carried directly from the stockpile to the cold feed bin. The reclaimed material is 
then fid from the cold feed bin directly into the aggregate immediately coming out 
from the drying drum (Figure 1.a - Option 1), or can be introduced into the boot of 
the hot elevator (Figure 1.a - Option 2), conveyed to the weigh hopper and being 
weighed as a fifth material in a normal four-bin batch plant (Figure 1.a - Option 3).  
RAP can also be directly dumped into the weighing unit (Figure 1.b – Option 1), or 
directly into the pugmill (Figure 1.b – Option 2) (MS-4, 2007; PIARC, 2003). 
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Figure 1.a. Methods of feeding the RAP into batch plants (PIARC, 2003). 
 

 

Figure 1.b.  Methods of feeding the RAP into batch plants (PIARC, 2003). 
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OBJECTIVES 

The main objectives of this study were to: 

1. Evaluate suitability of materials generated from milling roads in Jordan to 
be further used in construction of new roads . 

2. Optimize RAP replacement percentage through laboratory performance 
evaluation of mixes containing different percentages of milled materials 
(0%, 5%, 10% and 15%) which included Marshall Stability, loss of 
Marshall Stability, water sensitivity, indirect tensile strength, resilient 
modulus, and dynamic creep. 

3. Determine required modifications 
to asphalt mixing plants to 
introduce reclaimed mixes in the 
mixing plant. 

4. Construct a test section for 
further evaluation the optimal 
mix. 

  

EXPERIMENTAL PROGRAM 

A schematic representation of the 
experimental program conducted in this 
investigation is shown in Figure 2.  The 
work was divided into four phases.  Phase 
I included collection and characterization 
of aggregate, asphalt and RAP samples.  
Fresh asphalt binder was collected from 
Jordan Petroleum Refinery and fresh 
aggregate were collected from Al-Huson 
quarries (Northern part of Jordan). 
Physical evaluation of the collected 
asphalt sample and aggregate was 
conducted and is shown in Tables 1 and 2, 
respectively.  

 

  
Figure 2. Schematic representation of 
the followed experimental program 
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Table 1: Properties of the used virgin asphalt cement  
Test Test  Standard Value 
Penetration, 25C, 
100g, 5s, dmm ASTM D5 66 

Softening Point (SP), 
C 

ASTM D36, AASTHO 
T53 53.0 

Flash Point, C ASTM D92 
AASHTO T48 295 

Performance Grading ASTM D6373 
AASHTO M320 PG 64-10 

 

Table 2: Properties of the used virgin and reclaimed aggregate  
Aggregate 

Size Property Virgin 
Aggregate 

Irbid RAP 
Aggregate 

Karak RAP 
Aggregate 

Azraq RAP 
Aggregate 

Fi
ne

 A
gg

re
ga

te
 

Dry Bulk Specific 
Gravity (g/cm3) 2.46 2.51 2.53 2.50 

SSD Bulk Specific 
Gravity (g/cm3) 2.59 2.57 2.60 2.57 

Apparent Specific 
Gravity (g/cm3) 2.81 2.78 2.76 2.75 

Absorption (%) 5.04 2.8 3.1 3.0 

C
oa

rs
e 

A
gg

re
ga

te
 

Dry Bulk Specific 
Gravity (g/cm3) 2.52 2.57 2.57 2.56 

SSD Bulk Specific 
Gravity (g/cm3) 2.58 2.55 2.57 2.56 

Apparent Specific 
Gravity (g/cm3) 2.68 2.65 2.67 2.67 

Absorption (%) 2.36 1.2 1.4 1.1 

L.A. Abrasion, % 25 36 30 31 
 

Sufficient RAP samples from Irbid-Ajloun (North) (named Irbid), Azraq- 
Mowaqar (Center) (named Azraq) and Karak-Thania (South) (named Karak) 
milled roads were collected. Solvent extraction according to ASTM D 2172 “Test 
Methods for Quantitative Extraction of Bitumen from Bituminous Paving 
Mixtures” was used to separate the aggregate and asphalt from the asphalt concrete 
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mixture. Gradations of the extracted aggregates are shown in Figure 3. Properties 
of the extracted aggregate are shown in Table 2. Test results indicated that, except 
for L.A. abrasion, there are similarities in the properties of the virgin and extracted 
aggregate. Irbid RAP aggregate were the weakest among all aggregate.  Obtained 
L.A. abrasion value for Irbid aggregate were above the maximum specified limit 
by Jordan Ministry of Public Works & Housing (MPWH).  

 

Figure 3. Gradation of the extracted aggregate. 

Asphalt content for Irbid RAP sample was found to be 3.55%, 3.51% for Karak 
RAP sample and 3.56 for Azraq RAP sample.  

For further evaluation of the extracted asphalt, the asphalt was recovered from 
the solvent asphalt solution using ASTM D 5404 procedure “Practice for Recovery 
of Asphalt from Solution Using the Rotary Evaporator”. Recovered asphalt from 
the three sections was graded according to AASHTO M320-10 “Standard 
Specification for Performance-Graded Asphalt Binder”.  Table 3 shows 
performance grades of the recovered asphalt. 

Table 3: Performance grading of the virgin asphalt and RAP extracted 
asphalt cement  

RAP Sample Virgin AC Irbid RAP 
AC 

Karak RAP 
AC 

Azraq RAP 
AC 

Obtained PG 
Grade PG 64-10 PG 88-10 PG 88-16 PG 88-16 
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It can be noticed from Table 3 that due to age hardening of the asphalt cement the 
upper grade of the asphalt was shifted from 64 to 88. 

 
In phase II, Marshall Mix design procedure (ASTM D1559), currently 

followed procedure in Jordan for asphalt concrete mix design using 4" samples, 
was used to determine the optimum asphalt content.  Optimum asphalt content 
(OAC) was selected to produce 4% air voids.  The selected aggregate gradation for 
this study was dense graded gradation in accordance with the Jordanian MPW&H 
median recommended gradation for heavy traffic wearing course. The used 
gradation with the gradation limits are shown in Figure 4. Obtained OAC was 
5.3% AC of total mix weight.  At obtained OAC, Marshall Stability, flow, voids 
filled with asphalt, and voids in mineral aggregate values were checked to verify 
that they are within the specification limits of MPW&H for heavy traffic loads 
wearing course.   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Selected median gradation for the study in accordance with MPW&H recommended 
gradation for heavy traffic wearing course 

According to AASHTO M 323 recommendations, when the percentage of the 
used RAP in the mix is lower than 15% by weight of aggregate, there is no need to 
make any changes in the binder grade selection criteria, and since this will be the 
first time to implement the addition of RAP into the asphalt concrete mixes, it was 
decided in this research study to keep the percentage of RAP addition within 15%.  
Therefore, three RAP replacement percentages (5%, 10% and 15%) by total 
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aggregate weight in addition to Control mix (0% RAP replacement percentage) 
were selected in this research.   

Since only up to 15% replacement percentage of RAP will be used in this 
research, it was assumed that the addition of RAP will have small effect on the 
optimum asphalt content percentage, therefore, the obtained optimal asphalt 
cement percentage for the Control mix (5.3%) will be used for all RAP 
replacement percentages.   

To ease calculation of the weights of the asphalt cement and aggregate to be 
mixed with the different RAP percentages, Excel Worksheet was developed, 
Figure 5.     

 

Figure 5: Developed Excel Worksheet for calculation of required aggregate and asphalt weights.  

Gradation, asphalt content and required RAP replacement percentage are 
input in the worksheet, and then automatically the weights of the different sizes of 
the aggregates and required weight of the asphalt are calculated according to the 
total weight of the mix. 

Sieve 
Size

Avg. % retained Required 
Gradation

% retained Total weight 
of Agg.

Agg. Wt. 
from RAP 

Fresh aggregate 
weight

1 100 0.0 100 0 0.0 0.0 0.0
3/4" 99.66 0.3 95 5 171.0 1.2 169.8
1/2" 91.64 8.0 80.5 14.5 495.9 27.9 468.0
3/8" 79.61 12.0 68 12.5 427.5 41.8 385.7
#4 50.27 29.3 45.5 22.5 769.5 101.9 667.6
#8 32.80 17.5 30.5 15 513.0 60.7 452.3

#16 20.86 11.9 20 10.5 359.1 41.4 317.7
#50 10.62 10.2 11 9 307.8 35.5 272.3
#100 6.59 4.0 7.9 3.1 106.0 14.0 92.0
#200 4.86 1.7 5 2.9 99.2 6.0 93.2
Pan 4.9 5 171.0 16.9 154.1

AC% 3.55 Suggested RAP combination percentage 10 %
Location Total Sample weight 3600 gm

Asphalt Percent 5.0 %
Total weight of asphalt 180
Total weight of aggregate 3420
Weight from Rap material 360
Weight of asphalt from Rap 12.8
Weight of agg. from Rap 347.2
Weight of asphalt to be added 167.2 gm
Weight of aggregate to be added 3072.8

Change green cells
Get results from red cells

Irb
id

 A
jlo

un
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At the optimal asphalt content, seventy Marshall samples from each of the 
three replacement percentages for each source of aggregate and the Control mix 
were fabricated and subjected to the evaluation tests. The specimens were prepared 
according to the Asphalt Institute Manual (MS-2) and ASTM D 1559. The asphalt 
cement and aggregate were mixed at 164 °C.  The HMA specimens were 
compacted using the Marshall compactor at 148°C.  

In Phase III, effect of RAP replacement was judged by the improvement in 
resilient modulus and dynamic creep at 25C and 40C. 

Phase IV, focused on selecting the optimum replacement of the aggregate by 
RAP. 

 
EVALUATION OF THE DIFFERENT MIXES 

Resilient Modulus 

The Resilient Modulus (MR) is a measure of asphalt mix stiffness. A material’s 
resilient modulus is actually an estimate of its modulus of elasticity (E). While the 
modulus of elasticity is stress divided by strain for a slowly applied load, resilient 
modulus is stress divided by strain for rapidly applied loads – like those 
experienced by pavements. 

Resilient modulus was determined using the uniaxial test. The test applies a 
repeated axial cyclic stress of fixed magnitude, load duration and cycle duration to 
a cylindrical test specimen. It is essentially a cyclic version of a uniaxial 
compression test; the cyclic load application is thought to be more accurately 
simulating actual traffic loading.  

Three samples from each RAP percentage were tested under the diametral 
resilient modulus (MR) test at two test temperatures (25°C and 40°C).  Figure 6 
shows the obtained MR values for all the tested mixes at 25°C and 40°C.  Figure 6 
indicates that inclusion of RAP in the mixes improved the resilience modulus of 
these mixes.  In addition, in the range of the used RAP percentages, except for 
Irbid samples, MR increases with the increase of RAP percentage. This can be 
attributed to the fact that RAP asphalt is stiffer than virgin asphalt due to age 
hardening which led to the increase of mix stiffness. For Irbid samples, inclusion 
of RAP has increased mixes stiffness due to the inclusion of the harder asphalt, up 
to 10%, however, due to the weak RAP aggregate, at higher RAP percentage, 15%, 
mix stiffness decreased lower than 10% RAP. 
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Figure 6. Effect of variation of RAP percentage at resilient modulus values at 25 C and 40C. 

 

Dynamic Creep Test 

This test is considered to be very important in obtaining data for estimating 
potential deformation of vehicle wheel paths and ranking bituminous mixtures on 
the basis of their resistance to permanent deformation.   The Dynamic Creep Test 
is a test that applies a repeated pulsed uni-axial stress on an asphalt specimen and 
measures the resulting deformations in the same direction using Linear Variable 
Differential Transducers (LVDT's). The test was performed in accordance with the 
protocol developed by NCHRP 9-19 Superpave Models, Draft Test Method W2 
(Witezak et al. 2001). The applied stress on the specimen was a feedback haversine 
pulse. The pulse width duration was 100 milliseconds (ms), and the rest period 
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before the application of the next pulse was 900 ms. The deviator stress during 
each loading pulse was 207 kPa, and the contact stress was 9 kPa. The contact 
stress was applied so that the vertical loading shaft does not lift off the test 
specimen during the rest period. Accumulated micro-strain was calculated as the 
ratio between the measured deformation to the original specimen height according 
to the following equation: 

Є = ∆h / ho    (1) 

where: 

 Є: The accumulated microstrain occurred in the specimen during a 
certain loading time at a certain temperature.  

ho: The original specimen height (the original distance between 
specimen loading surfaces) (mm).  

∆h: The axial deformation (reduction in distance between specimen 
loading surfaces) (mm *10-6). 

The test was performed at 25C and 40C. The specimen’s skin and core 
temperatures during the test were monitored by two thermocouples which were 
inserted in a dummy specimen and located near the specimen under test. Figure 7 
shows the relationship between the number of cycles and the axial accumulated 
permanent deformation for the tested samples from the three RAP locations. It can 
be noticed that generally the same behavior of the mixes in the MR testing was 
observed in the dynamic creep testing.  

One of the local asphalt mixing plants in Jordan was modified to receive 
RAP and a test section was constructed to prove to local authorities the advantages 
of using RAP in asphalt mixes. 

 

CONCLUSIONS 

This paper presents a comparative study between the currently used hot asphalt 
mixes in Jordan which use fresh aggregates and virgin asphalts and mixes prepared 
using local RAP materials.   Resilient modulus and dynamic creep values were 
compared and analyzed.  The results of the conducted tests indicate that the use of 
RAP in hot mix asphalt is advantageous and these results agree and support 
previous research findings.  Based on the performed tests and obtained values the 
following conclusions can be drawn: 
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Figure 7. Effect of variation of RAP percentage at dynamic creep resistance values at 25 C 
and 40C. 

 
1. The mix containing RAP showed improved creep performance and 

stiffness values than the mixture made completely of fresh aggregates 
and virgin asphalt.  

2. The study revealed that due to marginal properties of RAP materials 
inclusion of high percentages of RAP might lead to reduction in mixes 
resistance to distresses.  

3. It can be concluded that recycled pavements can generally perform as 
well as conventional pavements. 
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4. In Jordan, serious plans should be set up to implement usage of RAP in 
road construction projects. 
 

Finally it is the authors believe that a construction of a trial sections of recycled 
and conventional mixes, will verify the suitability of asphalt mixes containing RAP 
to Jordan climatic and loading conditions. 
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1. SUMMARY 

The existing road network is a valuable asset in Jordan; however, pavement 

deterioration can be the most challenging issue in the sector at the national 

level. Accordingly, proper identification and characterization of pavement 

distresses and assessment of possible distress causes would be essential for 

adoption of the most feasible repair works. Furthermore, well understanding of 

the prevailing pavement distresses can guide the new construction and repair 

works to avoid relatively premature pavement deterioration, as experienced in 

some projects. 

The paper is based on data obtained from pavement evaluation studies 

conducted by Engineering Axis for Studies (EAS) on several existing roads in 

Jordan (11 projects with a total of ~1200-km lane length). Pavement cracking, 

rather than other distress types, proved to be the most dominant distress type 

in the surveyed projects. According to EAS records, cracking can stand behind 

more than 80% of pavement distresses. Linear (transverse and longitudinal) 

cracking forms about half of pavement cracking, whereas fatigue (alligator) and 

block cracking types almost share the remaining half. The paper focuses on the 

prevalent propagation pattern of alligator (fatigue) cracking as Top-Down 

Cracking rather than the traditional pattern of Bottom-Up Cracking. 

Based on the compiled surveys’ findings, the paper presents a general 

characterization of the prevailing pavement distresses and submits suggestions 

regarding selection of the proper maintenance and repair works. In addition, the 

paper highlights general recommendations and considerations for new 

construction projects. 

 

Keywords; pavement, repair, linear, alligator (fatigue), cracking. 
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2. INTRODUCTION 

Road network in Jordan had been developed, most pronouncedly during the last 

few decades, to become thoroughly widespread through the country. In 

addition to connecting Jordan with the neighboring countries, the existing road 

network links governorates, main cities, towns, villages, and even remote 

residential clusters and agricultural areas as well. In 2010, the total lengths of 

the main and secondary roads networks were ~8,000 km in addition to similar 

total lengths of agricultural roads. Since the last few years, Ring Roads have 

been constructed around main cities in the kingdom. By an objective view, the 

existing road network can be considered appropriate, well-established and 

satisfactory, considering the country’s limited resources. As such, the existing 

road network is a valuable asset in Jordan and pavement preservation against 

deterioration can be the most challenging issue in the sector at the national 

level. 

It is to be recognized that proper identification and characterization of 

pavement distresses and assessment of possible distress causes would be 

essential for adoption of the most feasible repair works. Furthermore, well 

understanding of the prevailing pavement distresses can guide the new 

construction and repair works to avoid relatively premature pavement 

deterioration, as experienced in some projects. Accordingly, Ministry of Public 

Works and Housing (MPWH) began, since few years, to request carrying out 

evaluation studies on existing pavement of roads under repair or reconstruction.    

The paper is based on data obtained from pavement evaluation studies 

conducted by Engineering Axis for Studies (EAS) on several existing roads in 

Jordan (11 projects with a total of ~1200-km lane length).  

3. AVAILABLE DATA ON PAVEMENT DISTRESSESS 

3.1. Source of Paper’s Data 

Data on pavement distresses involved in this paper was made available from 

previous pavement evaluation studies conducted by EAS during the period 

between 2009 and 2012. Table 1 presents names of the said studied projects 

with the corresponding lane lengths for each project. 
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Table 1: Information of the Involved Road Projects  

Project 
No. 

Road Project  
Segment 
Length, 

Km  

 Lane Lengths, km  

Traffic 
Lanes 

Shoulders Total 

1 
Desert Highway (From Jizah to 
Karak Intersection segment) 

60 240 240 480 

2 
Omari Borders (Saudi/Jordan Link 
Road) 

0.7 2.8 1.4 4.2 

3 Ma'an/Al-Mudawwara Road 117.5 235 -- 235 

4 North Shuna/South Shuna Road 100 240 40 280 

5 Aqaba Back Road (Segment 1) 7 21 14 35 

6 Aqaba Back Road (Segment 2) 7 14 7 21 

7 Azraq/Omari Road 41 82 -- 82 

8 
Irbid/Mafraq Road (From Ramatha 
Overpass to Al-Hasan Industrial 
City) 

3.5 14 7 21 

9 
Sahab/Mwaqar Road (Adjacent 
Segments to the Intersection with 
Amman Development Corridor) 

3.5 14 7 21 

10 
Marka International Airport 
(Runway) 

3.2 26 13 39 

11 
Desert Highway (Ras Al-Naqab/Al-
Mraighah) 

8 16 -- 16 

Summary 351 905 329 1234 

3.2. Identification Methodology of Pavement Distresses 

Identification of different types of pavement distresses was based on Pavement 

Condition Index (PCI) surveys conducted as part of the said EAS studies. In 

turn, the studies’ PCI surveys were carried out according to ASTM D 6433-07; 

Standard Practice for "Road and Parking Lots Pavement Condition Index 

Surveys". 

The distress types, severity levels, and quantities as defined in the reference 

Standard Practice were inspected, measured, and recorded for each lane 

pavement sample unit on the survey data sheet. The procedure outlined in the 

Standard Practice; including the use of deduct-value curves and the respective 

steps and equations to calculate the maximum Corrected Deduct Value (CDV) 

and the PCI, were followed. An in-house developed program by EAS was used 

for simplicity and accuracy. The user of this program needs to enter the 

surveyed pavement data, and the program calculates the PCI, using verified 

equations and formulas, which alleviate manual calculations and use of the 
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Standard Practice curves. A sample of the survey data sheet and calculation of 

the PCI for a pavement lane sample unit is shown in Figure 1. 

The above outlined PCI method was adopted in each of the said studies, except 

studies of projects No. 2, 8 and 9 (see Table 1), where PCI surveys were not 

performed for these projects. However, data regarding pavement distresses of 

the latter three projects was obtained through inspection of pavement condition 

rather than PCI surveys.  

3.3. Contribution of Pavement Distress Types 

Contribution of pavement cracking types, as obtained from EAS studies, are 

summarized in Table 2. As presented in this table, “First (1st) Attributing 

Distress” term is used in the said studies to indicate the distress found to cause 

the single highest Deduct Value in each of the surveyed pavement units. In the 

same manner, the “Second (2nd) Attributing Distress” is the distress caused the 

second highest Deduct Value. Accordingly, the 1st and 2nd Attributing Distress 

types in the Survey Data Sheet Sample of Figure 1 are Alligator cracking of 

Medium severity level (1-M), and Linear (Longitudinal and Transverse) cracking 

of High severity level (10-H). The weighted averages for contributions of 

cracking types in this table were calculated based on the relative weight effect 

(Total lane length as presented in Table 1) for each project. Attribution 

percentages, as termed above, are presented in the Pie Chart of Figure 2. 

Table 2: Contribution Summary of Pavement Cracking Types  

Project No. 

Percentage of Contribution as the 1st Attributing 
Distress (PCI) 

Linear 
Cracking 

Block 
Cracking 

Alligator 
Cracking 

All Cracks 

1 57 -- 29 86 

2 (*) 40 -- 20 60 

3 28 59 9 96 

4 20 20 40 80 

5 11 13 56 80 

6 43 14 33 90 

7 28 58 13 99 

8 (*) 80 10 5 95 

9 (*) 65 15 15 95 

10 96 4 -- 100 

11 19 25 56 100 

Weighted Average Summary 41 21 26 88 

(*) Approximate figures of distresses contributions; no PCI surveys 
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PROJECT: Aqaba Back Road/ Segment 2 SECTION: DATE:

SAMPLE UNIT: Sta. SAMPLE AREA:

Sketch

1. All igator Cracking *8.Jt Reflection Cracking 15.Rutting

2.Bleeding *9.Lane/Shlder Drop Off 16.Shoving

3.Block Cracking *10.Long.&Transv. Cracking 17.Slippage Cracking

*4.Bumps and sags 11.Patching 18.Swell

5.Corrugation 12.Polished Aggregate 19.Weathering &Raveling

6.Depression *13.Potholes 20. Others:

*7.Edge  Cracking 14. Railrod Crossing

3.7

Type

Severity

Sum

Density

DV

m 4.81 4

1 36.9 58.6 58.56 58.56 58.56 58.56 2 2 2

2 26.4 36.9 36.89 36.89 36.89 2 2 2 2

3 58.6 26.4 26.44 26.44 2 2 2 2 2

4 3.8 3.8 3.795 2 2 2 2 2 2

5 0.0 0.0 0 0 0 0 0 0 0

6 0.0 0.0 0 0 0 0 0 0 0

7 0.0 0.0 0 0 0 0 0 0 0

TDV 125.7 123.9 99.5 64.6 0.0 0.0 0.0

q 4 3 2 1 0 0 0

CDV 71 75 71 65 0 0 0

M H

Contributing Distresses

OK 1ST 2nd

1 10

SAMPLE SUMMARY

CDV 75

PCI 25

Rating Serious

26.4 58.6 3.8 0.0 0.0 0.0

0.0

11.4 21.5 24.9 5.6 0.0 0.0 0.0

36.9

25.2 47.7 55.3 12.5 0.0 0.0

3

3

2 7.4

Q
ua

nt
ity

2 2.5

2 1.5

3.7

3.7 2.45

3.7 2.45

3.7 11.1

2 2.45

3.7 1.5 1

3.7 1.5 2

3 3 11.1

3.7

3.7 3.5 3.5

3.7 1 5

Q
ua

nt
ity

3.7 3.7 5.55 4

3.5

3.7

2 1.25

H M M L

STA.

EXISTING DISTRESS TYPE, QUANTITY AND SEVERITY

10 10 1 10

ASPHALT PAVEMENT INSPECTION SHEET

3/11/12

RHS - R.L 8+500 222

DISTRESS TYPES

STA.

60
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Figure 1: Sample of the Survey Data Sheet and Calculation of the PCI  
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Figure 2: Contributions of Pavement Distresses as the 1st Attributing 
Distress Type 

3.4. Characterization of Alligator (Fatigue) Cracks as Top-Down 
Cracking 

Out of the said EAS eleven projects, studies of five projects (namely of numbers 
1, 5, 6, 8 and 11; see Table 1) involved characterization of propagation pattern 
of pavement cracking. The vertical propagation pattern of alligator cracking was 
recognized as Top-Down-Cracking (TDC) in these five projects. However, as the 
most traditionally-accepted pattern of alligators is Bottom-Up-Cracking (BUC), 
the TDC pattern was deemed to be somewhat unusual, particularly in the first 
project (project No. 1, June 2009). Although, TDC pattern of alligator cracking 
has been demonstrated by precise inspection and examination of the cored 
samples and holes, where the following propagation patterns were evident:- 

- Cracks of cores taken at alligator-cracked pavement of low severity levels 

initiate at the surface propagating down to a depth of few millimeters. 

- Cracks of cores taken at alligator-cracked pavement of moderate severity 
levels initiate at the surface propagating down to a depth of few 
centimeters. Where cracks extended to the total asphalt layers depth, it 
proved to be of a V-shape; with the upper width is the highest and 

decreasing with depth. 

- Cracks of cores taken at alligator-cracked pavement of high severity levels 
tend to cover the whole asphalt layers thickness and to be fragmented. For 

Linear 

(Longitudinal & 

Transverse) 
Cracking 

41% 

Block Cracking 

21% 

Alligator 

Cracking 

26% 

Other  

Distresses 

12% 
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fragmented cores, inspection of the cored-holes-walls revealed that the 
cracks are mostly of a V-shape as well. 

- Several cores were taken at non-cracked surface within small blocks of 
alligator-cracked pavement. However, none of these cores was affected by 

cracking (i.e. at the bottom). 

As being recognized for the first time in Jordan, a comprehensive review of the 
most recent worldwide published literature on TDC as a form of alligator 
cracking was conducted. It was found that a lot of research work has been 
carried out in the last 10 years on this issue. "Traditionally, alligator cracking 
starts at the bottom of the asphalt layer, where the tensile stress and strain 
under a wheel load is highest. (……). In recent years, it has begun to be 
recognized that top-down fatigue cracking may occur in HMA pavement. These 
commonly occur in thicker pavements that are subjected to large horizontal 
tensile stresses developing in the surface due the high tire contact pressures.";  
(MS-4, 7th edition; 2007). Conclusively, the reviewed recent researches revealed 
that "In thick HMA pavements, consider top-down cracking as a possible 
cracking mechanism.  Generally, previous research has found that in pavements 
thicker than about 160 mm (6.3 inches) top-down cracks can be and often are 
the dominant form of cracking.  Do not assume pavement cracks are bottom-
up."  

It is worthwhile to mention that the HMA total thickness in the involved projects 
of the TDC pattern was generally more than 160mm; the marginal HMA 
thickness recognized in the above literature for TDC.   

3.5. Proposed Mechanism of Alligator Cracks 

Based on the revealed TDC pattern and referring to the published research, 
EAS was convinced that fatigue cracking has been initiated at the pavement 
surface as the plane of failure. However, this is completely different from the 
traditionally accepted mechanism of alligator (fatigue) cracks, where the weak 
plane used to be either the top of granular base course or the top of subgrade. 
Such “unusual” mechanism of fatigue failure was suggested in Project 1 and 
confirmed in the said following four projects.   

It was concluded that the relatively thick asphalt layer (as encountered in the 
involved projects; ~>160 mm) and the stiff thick granular courses preclude the 
possibility of failures to be initiated neither at the asphalt/base course interface 
nor at the granular courses/subgrade interface. Thus, the following causal 
conditions were highlighted:  

 The prevailing adverse conditions at the surface of asphalt layer including 
(see Figure 3);  

- Highest concentration of tensile stresses induced by heavy loads and 
high tire pressures. 
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- Highest thermal stresses and strains; due to the prevailing high 
surface temperature, and temperature gradient between daytime and 
nighttime, as well as temperature drop with asphalt layer depth. 

- Lowest stiffness at the surface asphalt mix due to the driven low 
viscosity of asphalt cement caused by prolonged exposure to high 
surface temperature. 

 The initiation of linear (environmental) cracking at the pavement surface, 
with its inherent pattern of TDC and relatively premature occurrence; 
very few years after construction. Such surface cracking can create weak 
planes triggering the initiation of alligator cracking at the surface.  

 

 

Figure 3:  Pavement Conditions, Stresses, and Initiation and 
Propagation of TDC. 

 

4. CONCLUSIVE REMARKS ON PAVEMENT DISTRESSES 

4.1. Cracking-Vulnerable, Rutting-Resistant Pavements 

The compiled data clearly indicates that cracking, among other pavement 
distresses, is the most prevalent type, which can form up to 85% thereof. 
Although being cracking-vulnerable, a great success had been achieved 
regarding the construction of inherently rutting-resistant asphalt pavements. In 
spite of the adverse sever conditions of several projects, rutting is almost absent 
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in our roads for more than 25 years, with very few exceptions. It is believed 
that the following factors may stand behind such success: - 

 Strict Requirements for Asphalt Mixes regarding; 

- Quality of incorporated mix aggregate, including use of crushed 
(angular) coarse and fine aggregates in addition to other strict 
requirements. 

- Adoption of reasonably higher Air Voids for heavy traffic category. 
The local specifications specify air voids ranges of (4% - 6%) for 
wearing and (4% - 7%) for binder mixes, whereas the corresponding 
worldwide range is (3% - 5%). 

- Strict compaction requirements for asphalt courses. 

- Load-bearing properties (i.e. stability, flow, stiffness). 

 Success in the adopted procedures in mix designs regarding the selection 
of optimum bitumen content and the prevalent intendancy of mix 
gradations. Regardless of the Averaging Approach as recommended by 
the early editions of MS-2 (i.e. average bitumen content values at Max. 
stability, Max. density and mid-air voids range), the Range Approach had 
been adopted by Arab Center for Engineering Studies (ACES) since mid 
of 1980’s. Subsequently, Range Approach had been adopted in most of 
the local mix designs, which proved to be more reliable and satisfactory. 
In addition, mix gradations tended to be almost always to the course side 
of the ‘Restricted Zone’ with the ‘knee’ over the medium-fine sand size 
(~1 mm). 

 Strict requirements imposed on granular courses (base and sub-base) 
and underlying layers, in respect to quality of materials and degree of 
compaction (e.g. 100% of Modified Proctor). 

In the other hand, considerable part of asphalt pavements was prone to the 
most rutting-opposing distress type; CRACKING. Thus, some of our roads 
pavements exhibited relatively premature (early-aged) cracking; e.g. within five 
years age. It is believed that, extremeness in local intention to avoid rutting in 
roads pavements in 1980’s among other factors, as briefed below, caused such 
cracking-susceptible pavements. 

 Beyond the abovementioned ‘justifiable shift’ in Air Voids limits (i.e. 1% 
to 2%) for heavy-traffic pavements, the following factors were of adverse 
effect: - 

- The relaxed limits and negligible weight of price deduction in the 
previous Deduction Basis (Payoff Factors). As implemented for about 
20 years, the previous Deduction Basis considered a relatively low 
weight in price deduction for mixes with air voids higher than the 
upper limit (i.e. up to 2%). 
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- The unjustifiable shift in the upper limit of some special specifications, 
where an upper limit of 8% was specified, in addition to the 
unrealistic requirements of air voids at refusal. 

 Frequent occurrence of “actual” unsatisfactory compaction of asphalt 
layers in some projects. 

 Use of the regionally-available limestone aggregates of considerably high 
absorption. Recent researches proved that asphalt absorption in high 
absorptive aggregates tends to be selective and time-dependent, which 
may in turn lead the involved mixes to be more susceptible to cracking 
and moisture damage. 

 The prevailing sever climate and heavy traffic conditions at particular 
projects, which might necessitate the use of proper type of modified 
asphalt rather than neat asphalt.  

 The general use of heavy-traffic mixes (with 1% to 2%-shift in air voids) 
for low trafficked roads. 

 Adoption of heavy compaction effort at lab (75-Marshall blows) for all 
mixes, regardless of the traffic category. 

 Incompetent construction techniques, as experienced in some projects, 
such as; 

- Mix segregation. 

- Segregated strip at mid-width of the paving screed. 

- Improper construction and compaction of laying joints. 

 Other than asphalt-related distresses (e.g. inadequate foundation, poor 
design, poor drainage, etc.). 

 Reflective cracking in overlays with the absence of using interlayer 
systems. 

4.2. Recent Trends to Avoid Premature Cracking 

In general, it is believed that the following recent local trends could enhance the 

pavement performance regarding cracking-related distresses: - 

 Tendency to specify the use of superior quality aggregate (e.g. basalt 
and granite) with strict requirements, particularly low absorption. 

 Adoption of the recent Basis for “Acceptance of Works and Pay Factors”, 
which;  

- Imposes relatively strict air voids range and considerable weight for 
deduction (i.e. 22%). 
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- Provides reliable and strict requirements for compaction, which ensure 
satisfactory and homogenous results with the highest deduction 
weight (i.e. 35%). 

 Disappearance of the abovementioned special specifications of 
unjustifiable high air voids and air voids at refusal. 

 The recent orientation to use modified bitumen instead of neat asphalt at 
some projects. 

 Routine maintenance tenders for main roads, as being implemented since 
few years. 

5. GUIDELINES FOR REPAIR AND CONSTRUCTION WORKS 

5.1. Further Suggestions to Avoid Premature Cracking 

In addition to the abovementioned recent local trends, the following suggestions 
can be advantageous to avoid premature cracking: - 

 Strict implementation of medium-light mix category specifications for 
non-heavy-trafficked roads. 

 Proper control during laying and compaction to; 

- Eliminate the segregated strip, which frequently appears at the mid-
width of the paving screed, which in turn can be vulnerable to 
longitudinal crack along the paved road. 

- Exercise proper procedures for joint construction (longitudinal and 
transverse). Specifying a joint compaction requirement, in addition to 
the existing mat compaction requirement, would be essential. 

 Implementation of proper aspects in design, construction and 
maintenance to avoid such distresses caused by other than asphalt-
related characteristics.  

 Implementation of adequate strategies for Routine and Preventive 
Maintenance. 

 Adoption of tensile strength requirements for asphalt mixes. 

 Avoidance of reflective cracking in overlays by adoption of proper 
interlayer systems. Although being used for several decades worldwide, 
very limited trials of interlayer techniques have been exercised locally, 
with variable degrees of success.   

5.2. Implications of Pavement Distresses on Repair Works 

In the last few decades, thousands of kilometers of local roads had been 
constructed, and hundreds of millions of asphalt mix tonnages had been paved. 
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Comprehensive awareness of the governing pavements distresses and 
malfunctions is essential for adoption of the proper repairs and construction of 
new pavements as well. The evident prevalence of pavement cracking, with the 
occurrence of premature cracking, necessitates a slight tuning to pavements of 
enhanced cracking-resistance. It is believed that, in addition to the promising 
local recent trends, the abovementioned suggestions can be advantageous. 
However, such tuning should not sacrifice the inherent rutting-resistance 
characteristics of our pavements; eventually, dealing with cracking can be 
relatively easier.  

The governing pattern of TDC, even for alligators, should guide strategies and 
methodologies adopted for repair works. The writer is convinced that the 
experienced maintenance strategies are somewhat inadequate and 
reconstruction, as implemented in some repair projects, can’t be justifiable. 
Accordingly, routine and preventive maintenance, which can be of a major 
concern for cracking, have been locally underestimated. Furthermore, 
reconstruction was experienced for some projects with cracked pavement. Such 
reconstruction, where well-designed repair techniques of lower cost should be 
sufficient, would be unjustifiable. Nevertheless, overlying cracked pavement 
without the use of interlayer system proved to be unwise, where reflective 
cracks appeared on the surface within very few years. 

It is essential that maintenance/repair works are to be designed in the light of 
the prevailing failure mechanism. Thus, the sector’s engineers are called for 
reevaluation of the historical understanding of mechanism and propagation 
pattern of alligator cracking. The TDC pattern of alligators, as revealed by EAS 
in some projects, should tune the traditional common image that imposes full 
removal of asphalt layers and some of the underlying layers. However, it is not 
meant that the TDC pattern should be generalized on alligators wherever exist; 
unless revealed by thorough investigation and evaluation of pavement and 
underlying layers. Should TDC pattern of alligators have been recognized, going 
down in repair for extra depth would be simply a waste of money. Otherwise, 
removal and replacement of deteriorated asphalt pavement of TDC alligators, 
where evidently recognized, should begin from the top surface and extend 
downward to the severely deteriorated depth. Such replacement depth can be 
stopped where cracking disappears or becomes of low severity level with intact, 
sound and integral pavement. Nevertheless, for reached pavement surfaces of 
outstanding cracks, use of an adequate interlayer system could be necessary 
before overlaying to avoid, or delay, reflective cracking. For pavements of TDC 
alligators with severe climate and traffic conditions, use of modified asphalt 
binder of the adequate grade would be advantageous. 

Implementation of trial sections for different new technologies (interlayer 
systems, modified binders, etc.) in projects under construction is highly 
recommended. Such trial sections, if properly conducted, documented and 
evaluated, would be very helpful in a time- and cost-effective manner. 
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Abstract 
The main objective of this study is to 
evaluate and improve the level of service 
for part of Zarqa Expressway (Autostrad) 
for two signalized intersections inside 
Zarqa city in Jordan. The first intersection 
is at Zarqa Governate and the second 

intersection is at prince Rashid Bin Al-
Hasan bus complex.                                                                                
The two intersections are located in the 
western part of Zarqa city. They have 
heavy traffic volumes, with very high 
delays and heavy congestion traffic more 
than any other similar intersections in 
Zarqa city.      
In this study, the two intersections are 
analyzed as isolated signalized 
intersections by using HCM (Highway 
Capacity Manual) and HCS (Highway 
Capacity System) computer software 
program. Also, Synchro-6 computer 
program was used for improvement 
through optimization process.  
The geometric, traffic and signalized data 
were collected during the morning and 
afternoon peak time periods. The results 
indicated that the current delay is 183 
sec/veh with Level of Service F (LOS-F) 
for the first intersection at Zarqa 
Governate and 101 sec/veh with Level of 
Service F (LOS-F) for the second 
intersection at prince Rashid Bin Al-
Hasan bus complex.  
Three alternatives are recommended to 
solve the current and future problems.  
The recommended alternatives are: 

· Increase the number of travel 
lames 

· Optimization of the existing 
traffic signal timing 

· Construct tunnel and overpass 
bridge 

It was found that the first two alternatives 
will not be able to reduce the level of 
service significantly.  On the other hand, 
the third alternative will improve the level 
of service from (LOS F) to (LOS A). The 
estimated initial cost of constructing the 
two tunnels and the over pass is about ten 
million Jordan Dinar JD with annual 

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

189



  

saving of about 0.6 million Jordan Dinar 
JD. 
 
Key Words:  Capacity, Level of Service, 
Signalized Intersections, Intersection 
Delay, Traffic Control, Peak Hour, 
Intersection Geometric Design. 
1. Introduction 
Transportation is essential for any nation's 
development and growth. Transportation 
has played a significant role by 
facilitating trade, commerce, and social 
interaction, while consuming a 
considerable portion of time and 
resources. Many organizations and 
agencies exist to plan, design, build, 
operate, and maintain transportation 
systems. The movements of people and 
goods, which is the basis of 
transportation, has always been 
undertaken to accomplish those basic 
objectives or tasks that require transfer 
from one location to another. Every day, 
millions of people leave their homes and 
travel to a workplace, office, classroom, 
or distant city (Garber 2010). 
A primary objective in highway and 
traffic engineering is to provide highway 
facilities that operate at levels of service 
acceptable to the users of those facilities. 
Regular evaluation of the level of service 
at the facilities will help the engineer to 
determine whether acceptable conditions 
exist and to identify those locations where 
improvements may be necessary (Garber 
2010, Papacostas 2008). 
 
1.1 Definition of Level of Service (LOS) 
Level of service LOS is a qualitative 
measure, ranging from A to F that 
characterizes both operational conditions 
within a traffic stream and highway users’ 
perception. The level of service LOS is 
the measure of quality of flow and is a 

measure of how well the facility is 
operating. It is both a qualitative measure 
of motorists’ perceptions of the 
operational conditions existing on the 
facility, as well as a measure of the 
density of vehicular travel (Garber 2010). 
 
Levels of different operating conditions 
are assigned to varying levels of service, 
ranging from level of service A to level of 
service F for each facility. The different 
levels of operating conditions are also 
related to the volume of traffic that can be 
accommodated by the specific 
component. This amount of traffic is also 
related to the capacity of the facility 
(Garber 2010).  
The level of service at any intersection on 
a highway has a significant effect on the 
overall operating performance of that 
highway. Thus, improvement of the level 
of service at each intersection usually 
results in an improvement of the overall 
operating performance of the highway. 
An analysis procedure that provides for 
the determination of capacity or level of 
service at intersections is therefore an 
important tool for designers, operation 
personnel, and policy makers. Factors that 
affect the level of service at intersections 
include the flow and distribution of 
traffic, the geometric characteristics, and 
the signalization system (HCM 2010, 
Garber 2010). 
 
1.2 Definition of Capacity  
Capacity is defined as the maximum rate 
of flow for the subject lane group that can 
go through the intersection under 
prevailing traffic, roadway, and 
signalized conditions. Capacity is given 
in vehicles per hour (veh/h) but is based 
on the flow during a peak 15-minute 
period. Capacity analysis involves the 
quantitative evaluation of the capability 
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of a road section to carry traffic, and it 
uses a set of procedures to determine the 
maximum flow of traffic that a given 
section of highway will carry under 
prevailing roadway traffic and control 
conditions (HCM 2010, Garber 2010).  
 
2. Problem Definition 
Zarqa Governate and prince Rashid Bin 
Al-Hasan bus complex signalized 
intersections were chosen for this study. 
The two intersections are located in the 
western part of Zarqa city. They have 
heavy traffic volumes, with very high 
delays and heavy congestion traffic more 
than any other similar intersections in 
Zarqa city.           
 
3. Study Objective 
The main objective of this study is to 
evaluate and improve the level of service 
for part of Zarqa Expressway (Autostrad) 
for two signalized intersections inside 
Zarqa city in Jordan. The first intersection 
is at Zarqa Governate and the second 
intersection is at prince Rashid Bin Al-
Hasan bus complex.                                                                                 
 
4. Study Significance 
If the objective of this study was achieved 
the following advantages can be attained:      

1. reducing the traffic congestion 
especially during peak hours 

2. reducing the cost of traveling for 
the public  

3. increasing the efficiency of the 
road network 

4. increasing traffic safety 
5. reducing the maintenance cost of 

the roads 
6. improving traffic flow and traffic 

operations, and  
7. reducing air pollution and 

preserving the environment. 

 
5. Methodology  
The capacity, delay and level of service 
(LOS) of the existing conditions were 
analyzed and evaluated using the 
Highway Capacity Manual (HCM-2010) 
and the Highway Capacity System (HCS-
2000) computer software program. The 
analysis extended for the future of the 
next 5 years and 10 years based on 7% 
growth rate. Four alternatives of 
evaluation were also used to improve the 
traffic flow according to the delays, 
capacity and LOS for each lane group, 
each approach and total intersection 
respectively. Synchro-6 computer 
program also was used for analysis, 
improvement, and optimization on the 
signalized and geometric conditions of all 
alternatives.  
The analysis and improvement includes 
the following: 

1. Using HCM-2010 and HCS-2000 
computer program to evaluate and 
analyze the existing traffic signal 
conditions. Also, the analysis includes 
the traffic growth for the next 5 years 
and for the next 10 years. 
2. Using HCS-2000 to analyze 
traffic signal with a prohibiting left 
turns movements from all approaches 
of the intersection. The analysis was 
conducted on the existing traffic 
signals, with constructing one over 
pass at North-South direction, and 
with constructing 2-lane 2-way 
overpasses on each direction of the 
intersection. 
3. Using Synchro-6 computer 
program to analyze and optimize the 
existing traffic signal of the 
intersection without changing the 
geometric conditions. The program 
also was used to optimize the traffic 
signal for improvement. 
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4. Using Synchro-6 computer 
program to analyze and optimize the 
traffic signal with constructing two-
lane two way overpass on each 
direction of the intersection. 

 
 
6. Study Area 
Zarqa Governate and prince Rashid Bin 
Al-Hasan bus complex signalized 
intersections are located in the Zarqa 
Governate area at the western part of 
Zarqa. The two signalized intersections 
are considered as two of the largest 
intersections in Zarqa city in terms of the 
geometric design conditions and traffic 
flow. These intersections are connecting 
Zarqa city with Amman city as shown in 
Figures 1 and 2 which are taken from 
Google earth 2013. The two intersections 
consists of exclusive right turns, three 
through lanes, and one left turn lanes in 
each four- leg approaches. 
 

 
 

Figure 1: Prince Rashid Bin Al-Hasan 
bus complex intersection from Google 

Earth 

 
 

Figure 2: Zarqa Governate intersection 
layout from Google Earth 

 
7. Related software computer 
programs 
7.1 HCM-2010 & HCS-2000 
The Highway Capacity Manual HCM 
methodology used in this analysis 
addresses the capacity, LOS, and other 
performance measures for lane groups 
and intersection approach and the LOS 
for the intersection as a whole. Capacity 
is evaluated in terms of the ratio of 
demand flow rate to capacity (v/c ratio), 
whereas LOS is evaluated on the basis of 
control delay per vehicle (in 
second/vehicle). Control delay is the 
portion of the total delay attributed to 
traffic signal operation for signalized 
intersections. Control delay includes 
initial delay, queue move-up time, 
stopped delay, and final acceleration 
delay. Each lane group and each approach 
of the intersection are analyzed 
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separately. The methodology in this study 
is based on the HCM-2010 (HCM-2010).   
The Highway Capacity Software (HCS-
2000) implements the procedures defined 
in the Highway Capacity Manual (HCM-
2010) for analyzing capacity and 
determining LOS for Signalized 
Intersections, Unsignalized Intersections, 
Urban Streets (Arterials), Freeways, 
Weaving Areas, Ramp Junctions, 
Multilane Highways, Two-Lane 
Highways, and Transit. HCS-2000 is a 
state-of-the-art Windows application with 
a comprehensive help system and the 
highest level of professional technical 
support (HCS-2000). 
7.2  Synchro-6 2003 
Synchro-6 is a complete software package 
for modeling and optimizing traffic signal 
timings. Synchro-6 implements the 
intersection capacity utilization (ICU) 
2003 method for determining intersection 
capacity, This method compares the 
current volume to the intersection 
ultimate capacity, The method is very 
straightforward to implement and can be 
determined with a single page worksheet. 
Synchro-6 also implements the method of 
the HCS-2000 and Highway Capacity 
Manual, chapter 15, 16, and 17; urban 
streets, signalized Intersection. Synchro-6 
provides an easy-to-use solution for 
single intersection capacity analysis and 
timing optimization (Synchro-6 2003).  

 
   7.3 Presynchro/Teapac 2008 

Presynchro/Teapac 2008 computer 
program prepares input and runs synchro-
6 using the standard Teapac graphical 
dialogs and traffic engineering terms for 
each signal in the arterial or network. All 
the information that is needed by 
Synchro-6 for each intersection is coded 
automatically, including the always-

complex signal timing phasing 
information. The resulting Synchro-6 
input can also be used to run its 
companion Simtraffic simulation and 
animation. Complete networks built in 
Synchro-6 can be imported into 
Presynchro so they can be further 
analyzed by other program such as Signal 
2000 for HCM capacity analysis and 
HCM-optimization, TRANSYT-7F for 
time-proven network simulation and 
optimization, NETSUM/CORSIM and 
VISSIM for robust, validated simulation 
and animation (PreSynchro/Teapac 
2008). 
 

   7.4 TRANSYT-7F 2010 
TRANSYT-7F is a traffic simulation and 
signal timing optimization program. The 
primary application of TRANSYT-7F is 
signal timing design and optimization. 
TRANYT-7F features genetic algorithm 
optimization of cycle length, phasing 
sequence, split, and offsets. TRANSYT-
7F is a complete traffic signal timing 
optimization software package for traffic 
network, arterial streets, or single 
intersections having complex or simple 
conditions (TRANSYT-7F 2010). 
 
8. Data collection 
The study procedure includes data 
collection, which is common to the entire 
program. Data preparation for the traffic 
volumes for each approach of the 
intersections were collected each 15 
minutes during two periods of time 
during the normal days. The two peak 
periods are from 7-9 AM and 1-3 PM at 
all approaches. Tables 1 and 2 present the 
sample of volume data. Figures 3 and 4 
show the existing peak traffic flow 
determined by Synchro-6 computer 
program. 
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Table 1: Traffic volume data for Zarqa 
Governate intersection 

Traffic Volume  for Zarqa Governate intersection 
  

SB NB WB EB Approach 
L T T L L LT TIME AM 
43 505 642 33 48 86 7:7.15 
48 522 670 34 51 92 7.15:7.30 
56 518 652 31 54 78 7.30:7.45 
54 528 671 36 42 89 7.45:8.00 
69 536 700 48 40 81 8:8.15 
56 548 684 35 43 86 8.15:8.30 
58 521 723 38 50 72 8.30:8.45 
61 535 708 41 45 76 8.45:9 

      PM 
47 500 700 30 25 71 1:1.15 
52 555 610 32 31 76 1.15:1.30 
56 620 746 34 28 75 1.30:1.45 
48 540 720 34 31 81 1.45:2 
42 590 815 42 35 88 2:2.15 
38 580 749 40 31 93 2.15:2.30 
37 610 550 25 30 87 2.30:2.45 
46 580 605 29 34 92 2.45:3 
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Table 2: Sample of traffic volume data 
for prince Rashid Bin Al-Hasan bus 
complex intersection 
 

Traffic Volume  for prince Rashid 
Bin Al-Hasan bus complex 

intersection 
  

NB SB2 SB1 Approach 

T L TR T TIMES 
AM 

614 132 178 400 7:7.15 

734 148 182 402 7.15:7.30 

801 154 170 503 7.30:7.45 

703 163 198 511 7.45:8.00 

769 172 225 521 8:8.15 

804 147 234 562 8.30:8.45 

783 158 240 542 8.45:9 

720 170 198 541 9:9.15 

    PM 

801 124 232 581 1:1.15 

789 115 240 554 1.15:1.30 

814 130 265 570 1.30:1.45 

826 124 238 600 1.45:2 

768 157 199 553 2:2.15 

745 115 189 532 2.15:2.30 

801 125 200 486 2.30:2.45 

788 133 205 516 2.45:3 

 
 

 

 
Figure 3: LOS and peak traffic flow for 
Zarqa Governate intersection as shown 

by Synchro-6 
 

 
 
Figure 4: LOS and peak traffic flow for 

Prince Rashid Bin Al-Hasan bus 
complex intersection as shown by 

Synchro-6 
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9. Results and Analysis 
9.1 Seynchro-6 Output Results  
Two evaluations and two optimizations 
were conducted by using Senchro-6 as 
follows:  

1. The results indicate LOS-F for all 
lane groups and the degree of 
saturation (v/c ratio) are 1.46. The 
total intersection delay is 182.6 
sec/veh with LOS-F as shown in 
Table 3. The analysis results show 
that the total intersection delays 
by using the Synchro-6 program 
are more than the analysis results 
by using the HCS program.   

 
2. Optimization the existing traffic 

signal: The output results for all 
approach are improved to LOS-A. 
The (v/c ratio) are improved to 
0.56. The total intersection delay 
is improved to become LOS-A as 
shown in Table 4.  

 
3. Constructing two overpasses on 

both directions: The construction 
of 2-lane 2-way overpass on N-S 
and E-W directions with the 
existing 190 seconds cycle length 
and one lane through and two 
lanes left-turn on each direction is 
analyzed by Seynchro-6 program. 
The results shows an 
improvement on LOS on all 
approaches (LOS-D on EB 
approach and LOS-E on the other 
approaches), and the total 
intersection delay reduced to 55.2 
sec/veh with LOS-E. The analysis 
is not showing a significant 
improvement with the existing 
traffic signal conditions.  

 

4. Constructing two overpasses on 
both directions with optimization 
of the cycle length: Seynchro-6 is 
used to optimize the cycle length 
with lead-lag phasing on the 
intersection of one lane through 
and two left turn lanes in all 
directions and with 2-lane 2-way 
overpasses on N-S and E-W 
directions. The results show a 
very significant solution to 
improve the intersection traffic 
flow. The cycle length is reduced 
to 90 seconds and the EB 
approach is improved to LOS-A, 
and the other approaches are 
improved to LOS-C. The total 
intersection delay is reduced to 27 
sec/veh with LOS-C. 
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Table 3: Synchro-6 results for the 
existing traffic signal conditions 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Table 4: Optimization by Synchro-6 of 

the existing traffic signal conditions 
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9.2 Preliminary Cost Analysis  
According to the previous traffic flow 
analysis and improvement conducted on 
the intersections, the following 
calculation is suggested as a preliminary 
benefit/cost analysis study based on 
information from the experts at Greater 
Amman Municipality and from the 
private contractors. The following two 
assumptions are used in the analysis: 

1. The total estimated cost of the  
project  = 10 millions JD 

2. the min. salary for Jordanian 
citizen = 1.5 JD per Hour 

The following is the benefit- cost 
analysis: 

· The average total intersection 
delay for the existing condition = 
182.6 sec/veh. 

· The volume of vehicles in peak 
hour=6120 vehicle at the moment 
increasing percentage of vehicles 
= 10% per year. 

· Average size of vehicles at peak 
hour over the next 20 years = 
8030 car. 

· Total delay /hour = 182.6*8030= 
1117512 sec=407.3hr. 

· The number of peak hours per day 
= 4 hours. 

· Total delay time for vehicles per 
day = 4 * 407.3 = 1629 hours. 

· Total saving per one day = 1629 
hrs *1.5 JD/hr. =2444 JD. 

· Weekly vacation = 2 days. 
· Yearly saving = 5/7 * 360 * 

2444= 628457 JD. 
· Benefit for the next 20 years with 

0 interest = 12569142 JD. 
· Therefore the B/C ratio = 

12569142/10000000= 1.2 
The analysis shows that B/C ratio is more 
than one which indicates cost 
effectiveness in addition to other benefits 

that were mentioned earlier in the study 
significance. 
 
10. Summary and Conclusions  

· The HCM, HCS, and Synchro-6 
computer programs produced very 
interesting results for analyzing, 
improvement and optimizing the 
isolated signalized intersections. 
The alternative analysis on all the 
programs shows that the LOS and 
the degree of saturation for all 
approaches were improved 
significantly.  

· The final analysis by Synchro 
shows a very significant reduction 
on total intersections delays and a 
very significant improvement on 
LOS. Other geometric design such 
as a full or partial cloverleaf 
interchange or diamond 
interchange can not be constructed 
because there are not enough 
spaces or right of ways to build 
these geometric design 
alternatives. 

· Three alternatives are 
recommended to solve the current 
and future problems.  
The recommended alternatives 

are: 
1. Increase the number of travel 

lames 
2. Optimization of the existing 

traffic signal timing 
3. Construct tunnel and overpass 

bridge 

· It was found that the first two 
alternatives will not be able to 
reduce the level of service 
significantly.  On the other hand, 
the third alternative will improve 
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the level of service from (LOS F) 
to (LOS A).  

· The estimated initial cost of 
constructing the two tunnels and 
the over pass is about ten million 
Jordan Dinar JD with annual 
saving of about 0.6 million Jordan 
Dinar JD. 

· The preliminary cost analysis 
shows that the benefit of 
constructing the proposed 
improvements is 1.2 times the 
initial cost. 

·  If the proposed improvements 
were achieved the following 
advantages can be attained:      

1. reducing the traffic congestion 
especially during peak hours 

2. reducing the cost of traveling for 
the public  

3. increasing the efficiency of the 
road network 

4. increasing traffic safety 
5. reducing the maintenance cost of 

the roads 
6. improving traffic flow and traffic 

operations, and  
7. reducing air pollution and 

preserving the environment 
 
11. Recommendations 
Based upon the results and findings, the 
following recommendations are drawn: 

1. The HCS-2000 computer program 
is a very good software to analyze 
an isolated intersections based on 
HCM-2010 without optimization 
of the traffic signals, therefore, it 
is recommended to use updated 
software SIGNAL2000/TEAPAC 
capacity that implements the 
capacity analysis techniques of the 
HCM-2010 only as level-
1analysis and adding level-2 

analysis which includes an 
optimization option that produces 
the best possible capacity analysis 
for the given conditions. 

2. The Synchro-6 computer program 
was used to analyze and optimize 
the isolated intersection without 
any combination with the HCS 
computer program, therefore, it is 
recommended to use the 
Presynchro/Teapac software 
which includes a combination of 
analysis and optimization of 
Synchro program with Signal-
2000 program for true-HCM 
capacity analysis and HCM-
optimization. 

3. The intersections was analyzed as 
an isolated intersection at the 
middle of network signalized 
intersections at Zarqa Governate 
area, Therefore, it is 
recommended to use TRANSYT-
7F computer program for 
simulation, optimization, and 
coordination of all the signalized 
intersections at the network 
system in Zarqa Governate area. 

4. Progression with actuated 
controllers is recommended to 
help traffic engineers in applying 
signal timing programs to actual 
control equipment. It provides 
guide lines for TRANSYT-7F. 

5. Constructing of overpass , tunnels, 
or trumpet interchanges at some 
intersections in Zarqa Governate 
area with a combination of a 
traffic signals are recommended to 
reduce stops, delay and fuel 
consumption on the long term 
planning. 

6. More research is needed for 
economic evaluation including the 
network system traffic at Zarqa 
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Governate area with the 
consideration of the growth in the 
traffic flow for next 5 years, 10 
years and 20 years. 
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Abstract 
 
Roads are one of the most important 
constructions that are used daily.  Similar 
to other constructions, they deteriorate 
and damage with time.  This degradation 
occurs mainly from vehicles, 
environmental effects such as frost, rain 
and exposure to different temperatures. 
Safety characteristics of pavement are one 
measure of its condition. Highway 
agencies continually monitor this aspect 
to ensure that roadway sections are 
operating at the highest possible level of 
safety. The principal measure of 
pavement safety is its skid resistance. 
In this research, the Portable Skid 
Resistance Tester, The British Pendulum 
Skid Tester, as a Non-destructive test 
(NDT), was used to measure the Skid 
Resistance of almost all the primary and 
secondary highways in the Hashemite 

Kingdom of Jordan. This is the first time 
such a study was performed on a national 
scale for pavement evaluation with an 
ultimate objective to developing 
maintenance management system for 
roads in Jordan. 
 
The survey included 38 test locations at 
primary and secondary highways across 
the Kingdom. The skid resistance 
measurement were performed on the right 
lane, truck lane. The obtained skid 
resistance survey results showed that 66% 
of the tested roads were having skid 
resistance levels lower the minimum 
acceptable levels.  
 
Since only about one third of Jordan 
national highway network is having 
acceptable surface skid resistance levels, 
it is recommended that serious actions 
and maintenance plans should be taken to 
improve road safety in Jordan. 
 
 
Key Words: Pavement performance, 
Pavement maintenance, Road safety, Skid 
resistances, Portable skid tester, British 
Pendulum Skid Tester. 
. 
 

1. Introduction 
 

The Kingdom of Jordan has a highway 
road network of about 7,909 km-
asphalted roads mostly built within the 
last four to five decades. To ensure that 
the highway network of the kingdom 
continues to serve the traffic safely, 
economically and comfortably, a 
comprehensive pavement maintenance 
management system must be developed. 
This requires periodic monitoring of 
pavement network using Nondestructive 
testing (NDT). NDT is a wide group of 
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analysis techniques used in science and 
industry to evaluate the properties of a 
material, component or system without 
causing damage to it. Pavement 
management system is used to evaluate 
important pavement properties such as 
deflection, roughness, skid resistance and 
pavement condition in terms of distress 
manifestations that are known to 
influence the pavement performance 
without damaging it [Garber and Hoel, 
2010]. In the kingdom of Jordan, there is 
no systematic and routine measuring 
pavement evaluation program to the 
relevant pavement properties for the 
entire highway network.  
 
In this study, skid resistance evaluation 
was performed on almost all primary and 
secondary highways across the Kingdom. 
 
Roads that transport people and 
commodities from one place to another 
are subjected to heavy loadings and harsh 
environmental conditions, due to which 
they deteriorate with time. The rate of 
deterioration depends on the construction 
materials used, construction and 
maintenance history, rate of loading and 
environmental conditions. Therefore, road 
performance has to be monitored to 
evaluate the rate of deterioration, need for 
maintenance and rehabilitation, and 
proper scheduling of maintenance and 
rehabilitation activities. 
 
Highway Safety, as a general term, is 
often defined in two ways—the quality or 
condition of being safe (i.e., freedom 
from danger, injury, or damage) or any of 
certain devices or actions designed to 
prevent a crash from happening [Hall, et 
al., 2009]. 
 

Worldwide, more than one million person 
is killed yearly due to traffic accidents. 
Although high percentage of these 
accidents is due to drivers errors, but 
highways have a significant effect on this 
high percentage of traffic accidents. The 
most important factor in the highways 
affecting traffic accident rates is the skid 
resistance. 
 
Skid resistance is defined as the frictional 
resistance at the tire-pavement contact 
interface. Skid resistance plays an 
important part in the safety of road users, 
i.e., the higher the skid resistance the 
lower the number of accidents, as 
indicated in Figures 1. Accidents have 
several other causes: human failure, 
defective vehicle technology, weather 
conditions, other infrastructure-related 
causes, etc. [BRRC, 2009]. 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 1. Relation between skid 
resistance and the number of accidents 
[BRRC, 2009] 
 
Accident rates increase in the rainy 
season especially after the initial rain 
showers. One of the main reasons for this 
increase is attributed to the low skid 
resistance of the highway surfaces. In 
addition, a number of the drivers do not 
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give much attention to the depth of the 
grooves in their tires treads, and their 
driving habits do not change much during 
the rain period. 
 
In general, the highway surface should 
have some sort of roughness to facilitate 
friction between the car wheel and 
pavement surface. Skid resistance is the 
force developed when a tire that is 
prevented from rotating slides along the 
pavement surface [Pavement 
Management Committee. 2011]. Skid 
resistance is a measure of the resistance 
of the pavement surface to sliding or 
skidding of the vehicle. It is a relationship 
between the vertical force and the 
horizontal force developed as a tire slides 
along the pavement surface [Asi, 2007]. 
Therefore, the texture of the pavement 
surface and its ability to resist the 
polishing effect of traffic is of prime 
importance in providing skidding 
resistance. 
 
Skid resistance is an important pavement 
evaluation parameter because: 

· Inadequate skid resistance leads to 
higher incidences of skid related 
accidents. 

· Most agencies have an obligation 
to provide users with a roadway 
that is ‘‘reasonably’’ safe. 

· Skid resistance measurements can 
be used to evaluate various types 
of materials and construction 
practices. 

 
Highway crashes are complex events that 
are the result of one or more contributing 
factors. Such factors fall under three main 
categories—driver-related, vehicle-
related, and highway condition-related 
(Noyce et al., 2005). Of these three 

categories, highway agencies can control 
only highway conditions. This can be 
done by developing and administering 
effective design, construction, 
maintenance, and management practices 
and policies. Figures 2 and 3 present 
summaries of total crashes and resulting 
fatalities in the USA between 1990 and 
2003. According to the National 
Transportation Safety Board (NTSB) and 
the FHWA, approximately 13.5 percent 
of fatal crashes and 25 percent of all 
crashes occur when pavements are wet 
(Kuemmel et al., 2000). 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Total crashes (from all vehicles 
types) on U.S. highways from 1990 to 
2003 (NHTSA, 2004). 
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Figure 3. Total fatalities (from all 
vehicles types) on U.S. highways from 

1990 to 2003 (NHTSA, 2004). 
 
 
The exact nature of the relationship 
between pavement friction and wet 
crashes is site-specific, as it defined by 
not only pavement friction but also many 
others factors. Thus, pavement friction 
and wet crashes relationships must be 
developed for the sites that are typically 
present in a given pavement network. An 
example of such a relationship developed 
for single carriageways in the U.K. shows 
that crash risk approximately halves as 
pavement friction doubles over normal 
ranges, as shown in Figure 4 (Viner et al., 
2004). 
 
 
 
 
 
 
 
 
 

 

 
 
Figure 4. Relationship between pavement 
friction and crash risk (Viner et al., 2004). 
 
2. Objectives 
The main objective of this study is to find 
the British Pendulum Number (BPN) of 
both primary and secondary highways 
across the Hashemite Kingdom of Jordan.  
This study was performed on a national 
scale for pavement evaluation with an 
ultimate objective to developing 
maintenance management system for the 
primary and secondary highways in 
Jordan. 
 
The survey included 38 test locations at 
primary and secondary highways across 
the entire Kingdom. The skid resistance 
measurements were done on the exterior 
right lane, truck lane. 
 
3. SKID RESISTANCE  
Safety characteristics of a pavement are 
another measure of its condition, and 
highway agencies continually monitor 
this aspect to ensure that roadway 
sections are operating at the highest 
possible level of safety. The principal 
measure of pavement safety is its skid 
resistance [Garber and Hoel, 2010; FWA, 
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et al., 2003]. Adequate skid resistance, or 
surface friction, is an important functional 
characteristic that influences directional 
control and stopping ability on a wet or 
dry pavement. Most agencies become 
aware of surface friction problems during 
inclement weather [Asi, 2007], when the 
potential for hydroplaning (in which the 
vehicle tire has lost contact with the 
pavement surface and is actually riding 
on a thin film of water) is high. However, 
safety can also be compromised on dry 
pavement surfaces where surface friction 
is low [Asphalt Institute, 2007]. 
 
The mechanics of skidding 

The mechanics of skidding are related to 
energy losses. If one considers a car 
skidding on a wet road surface, due to its 
weight and speed it will possess a 
considerable amount of momentum and 
will only stop once that energy is 
dissipated, i.e., the car's momentum 
energy must be transferred to the road 
surface through the interaction of tire and 
surface. The surface water that is present 
acts as a lubricant. So in terms of energy 
losses, there are two main components: 
(a) a friction component between the tire 
and the road surface, causing energy to be 
dissipated as heat; and (b) a hysteresis 
component that relates to a tire's ability to 
deform its shape around the aggregate 
particles in the road surface, and so cause 
loss of energy [O'Flaherty, 2002]. 
 

Factors Affecting Skid Accidents 

Friction demands on a pavement vary 
greatly, depending on the speed of a 
vehicle, its design, and the design and 
condition of its braking system. The skill 
of the operator also affects the potential 

for loss of control or skidding. Weather, 
especially wet pavements and the 
thickness of water film on the pavement, 
also affect the available friction. If the 
water layer on the pavement is very thick 
and the tire moves at a high speed, 
hydroplaning occurs. This phenomenon is 
analogous to water skiing and makes the 
vehicle uncontrollable [Huang, 2004]. 
The following are some of the surface 
conditions that are indicative of potential 
safety hazards: 

1. Bleeding of asphalt, which covers 
the aggregate and obscures the 
effectiveness of their skid resistant 
qualities. 

2. Polished aggregate with smooth 
microtexture, which reduces 
friction between the aggregate and 
the tire. 

3. Smooth macrotexture, which lacks 
suitable channels to facilitate 
drainage. 

4. Rutting, which holds water in the 
wheel paths after rain and causes 
hydroplaning. 

5. Inadequate cross slope, which 
retains water on the pavement for 
a longer time, reduces friction, 
and increases the thickness of the 
water layer and the potential for 
hydroplaning. 

Used Portable Skid Resistance Tester 

Portable Skid Resistance Tester or The 
British Portable Skid Tester shown in 
Figure 5 was developed in the 1950s and 
widely used to assess the slipperiness of 
road surfaces. This is often referred to as 
the Pendulum Tester. A pad of tire-tread 
rubber mounted at the end of the 
pendulum arm slides over the road 
surface on which the machine is placed. 
The stand is adjusted and leveled so that 
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as the pendulum swings the rubber slider 
makes contact with the surface for a 
distance of 125 mm [O'Flaherty, 2002]. 
The difference in height of the center of 
gravity of the slider head between the 
horizontal release position and the highest 
point of the swing after the slider has 
passed over the road is used to calculate 
the loss of energy arising from friction. 
The test conditions, which must be 
closely observed and controlled, have 
been chosen so that the values read off 
the calibrated scale of the instrument 
correspond to the Skid Resistance Value 
(SRV) of a patterned tire skidding at 30 
mi/h (48 km/h). The test is carried out 
with the pavement surface wetted in a 
standard manner, and a number of tests 
spaced at 5 to 10 m intervals are required 
to give an average value [Corney and 
Corney, 1998]. 
 
 
 
 
 
 
 
Figure 5.  The Portable Skid Resistance 

Tester. 
 
The British Portable Skid Tester is very 
useful in that it is portable, easily 
operated, and may be used both to 
measure in-situ road surfaces and for the 
laboratory determination of the Polished 
Stone Value (PSV). The equipment can  
Figure 5.  The Portable Skid Resistance 

Tester. 
 
 
 
 

 
The British Portable Skid Tester is very 
useful in that it is portable, easily 
operated, and may be used both to 
measure in-situ road surfaces and for the 
laboratory determination of the Polished 
Stone Value (PSV). The equipment can 
be used to determine wet skid resistance 
up to equivalent vehicle speeds of about 
50 km/h; the relevance of the results may 
be questioned at speeds in excess of this, 
due to the effect of texture depth on the 
retardation of vehicle [O'Flaherty, 2002; 
ASTM E303, 2013]. 
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4.		SKID	RESISTANCE	
MEASUREMENTS	
The British Pendulum Tester was used in 
this evaluation study to measure skid 
resistance at the selected test locations 
across Jordan road network. Table 1 
shows the selected 38 test locations and 
Figure 6 shows these locations on Jordan 
map. 
 
Performed Skid Resistance 
Measurements  

British Pendulum Tester was used to give 
the Skid Resistance values of Jordan 
highway network. The survey included 38 
test locations at primary and secondary 
highways across the entire Jordan road 
network. The skid resistance 
measurements were done on the exterior 
right truck lane. At certain locations, the 
test points had to be moved farther or 
closer from the adjacent point when they 
happened to fall on the entrance or exit 
ramp, or on sharp curves that made the 
locations potentially hazardous. 
 
The starting point on each test location 
was positioned by the GPS system and 
the coordinates were input on the test 
sheet. It is known that the skid resistance 
number is affected by surface 
temperature. Therefore, the surface 
temperature was also measured at each 
test location as recommended by TRRL 
[TRRL, 1969]. Table 2 shows an example 
of a filled data sheet and Figure 7 shows a 
photo during skid resistance testing at one 
of the test locations. 
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Table 1. Skid Resistance test 

Locations 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No. Location Road Intersection Roads Test No. 
1  

 
Maan- 
Aqaba 

35 812 814 35-12d 
2 35 823 826 35-13d 
3 817 35 826 817-1d 
4 5 834   Mudawar 5-5d 
5 5 810 68 5-3d 
6 90 65 90 90-1d 
7 65 70 15 65-10d 
8 15 35 844 15-14d 
9  

Karak- 
Tafileh 

35 556 624 35-8d 
10 35 50 641 35-9d 
11 65 65W 50 65-6d 
12 50 35 15 50-1d 
13 15 634 60 15-11d 
14 60 15 35 60-1d 
15 Salt 65 30W 437 65-4d 
16 30 431 423 30-4d 
17  

 
Zarka- 
Jarash- 
Ajloun 

30 40 313 30-2d 
18 20 234 25 20-1d 
19 37 35 166 37-1d 
20 236 25 35 236-1d 
21 65 171 176 65-2d 
22 20 182 55 20-5d 
23 55 172 146 55-2d 
24 25 144 35 25-2d 
25  

 
Mafraq 

10 211 5 10-2d 
26 10 217 221 10-4d 
27 15 Syrian border 232 5-1d 
28 15 274 314 15-3d 
29 212 212 223 212-2d 
30 5 10 30 15-1d 
31  

Irbid 
10 234 25 10-8d 

32 10 154 65 10-10d 
33 35 10 142 35-2d 
34 232 15 25 232-1d 
35 

Amman- 
Madaba 

40 534 15 40-4d 
36 40 436 541 40-5d 
37 35 542 522 35-6d 
38 556 15 557 556-1d 
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Table 2. Field Sheet for Skid 
Resistance Testing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 6.  Locations of measured skid 
resistance across Jordan road network. 

 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Test Date:  15 \ 6 \ 2010                                  Test time: 10:30                                  
Governorate: Ma`an        Road NO: 817-1               Deflection Test No. : 817-1      
Weather: sunny                                  Pavement temperature: 32.1 C                        
Existing structures within test location 
Al-Ash`ary Municipality \ Al-Manshyah 

Coordinate 
N: 

Coordinate 
E: 

Surface 
temperature 

BPN 
1 

BPN 
2 

BPN 
3 

BPN 
4 

BPN 
5 

Note 

30.40731 35.60396 33.4 C 55 58 57 58 58  
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Figure 7. British Pendulum Skid 
Resistance measurement at test point 817-

1. 
 

5.	OBTAINED	SKID	
RESISTANCE	RESULTS  
The main objective of this study is to find 
the British Pendulum Number (BPN) at 
both the primary and secondary highways 
across the Hashemite Kingdom of Jordan.  
At each test location, the skid resistance 
test is repeated five times, and the mean 
value of the recorded five readings is 
taken as the BPN of the test location 
[ASTM E303, 2013].  
 
Since the stiffness of the rubber slider 
varies with temperature, correction of the 
obtained BPN values were performed to 
equate the BPN values to 20ºC 
temperature using TRRL and ARRB 
correction equation [TRRL, 1969; Oliver, 
1980].   Table 4 shows the suggested 
acceptable minimum British Pendulum 
Numbers (BPN) limits according to 
TRRL recommendation for the different 
roads types [TRRL, 1969].  
 
 

 
 
 
 

 
 
 

Table 4. Suggested minimum British 
Pendulum Numbers (BPN) measured 

with the portable tester according TRRL 
recommendations [TRRL. 1969] 

 
 

 
 
 

Since all the measured skid resistance 
locations were selected on heavily 
trafficked roads, they fill in ―B category 
of the BPN suggested limits shown in 
Table 4, 55 BPN value. Figure 8 shows 
the obtained BPN values at the test 
locations.  Obtained BPN values were 
categorized according to the required 
BPN limit of 55. It can be noticed that 
whilst 34% of the tested locations are 
within the acceptable level of surface skid 
resistance, 66% of the tested locations are 
falling in the unacceptable range and are 
considered having dangerous surface skid 
resistance levels. 
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Figure 8. Obtained British Pendulum 
Numbers for all test locations. 
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6.		CONCLUSIONS		
This investigation was undertaken to find 
the British Pendulum Number (BPN) of 
both primary and secondary highways 
across the Hashemite Kingdom of Jordan. 
Based on the findings of the skid 
resistance surveys, the following 
conclusions can be drawn: 

1. 34% of the tested roads on Jordan 
road network are within the 
acceptable levels of surface skid 
resistance. 

2. 66% of the tested roads on Jordan 
road network were having 
unacceptable surface skid 
resistance levels, and are 
considered having dangerous 
surface skid resistance levels.    

3. Approximately two third of 
Jordan national highway network 
are having unacceptable surface 
skid resistance levels,  which 
suggest that actions need to be 
taken to improve road skid 
resistance levels in Jordan.  

4. The current skid resistance levels 
of Jordan highway network, if not 
improved, could have bad impact 
on Jordan economy, and endanger 
road safety.  

5. It is recommended that more 
research is needed to be done to 
evaluate the entire Jordan national 
highway network and study the 
impact of road skid resistance on 
safety, operating cost and 
maintenance cost. 

 
 
 
 
 

7.  RECOMMENDATIONS  
 
This work is considered the first step in 
generating a database for Jordan Highway 
Road Network. This type of work should 
be repeated annually or at certain selected 
frequency to update the database and 
have planned budget scenarios. 
  
Further work has to be done to set 
acceptable limits for British Pendulum 
Number (BPN) values for Jordan. 
  
Use of more advanced NDT equipment in 
evaluating highway performance 
indicators will help in getting better 
representative values.  
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 أدارة استعماالت االراضي الحضریة  وعالقتها  في التنمیة المستدامة لطرق المدن

د حالة دراسیة دینة بغدام  

  محمود موفق ھدیل.م.م

  – المعماریة الھندسة قسم    -  التكنلوجیة الجامعة                                   

alabdaa.tanmea@yahoo.com  

  ملخص البحث ...

بدراسة كیفیة  أستغالل  االراضي الحضریة  أستغالل أمثل  من خالل  تحدید  سیتناول هذا البحث    
دراسة إلمكانیات نظم أدارة أستعماالتها بأدارة حضریة متوازنة أي بتوزیع الخدمات البنى الفوقیة والتحتیة  ب

تقنین التوسع الحضري ؛في تحسین ظروف النقل داخل المدینة ومن ثم ایجاد  استعماالت األرض من خالل
بیئة مستدامة قادرة على النمو بشكل سلیم دون تعقیدات في البیئة الحضریة سواء كانت (اجتماعیة ،اقتصادیة 

  أم بیئیة) تتعارض مع نظام المدینة الحیوي و العمراني.

و الطرق المهمة في عملیة أدارة استعماالت اراضي المدینة من توضیح بعض االلیات  كما یسعى البحث الى
اجل استدامتها و تحقیق افضل توزیع الستعماالتها لغرض تحسین انسیابیة الحركة و استدامة النقل بین هذه 

  . و تحقیق تنمیة مستدامة في المدینة االستعماالت

نقل واستدامته و كذلك أدارة استعماالت االرض وسیتم توضیح مفهوم االستدامة و التنمیة المستدامة و ال   
الحضریة و عالقتها بالنقل و االهداف التخطیطیة المختلفة التي تحقق مفهوم االستدامة الحضریة البیئیة و 

االقتصادیة االجتماعیة ،وسیتوصل في نهایته البحث الى مجموعة من التوصیات في مجال أدارة البیئة 
  الستدامة.الحضریة الضروریة لبلوغ ا
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Abstract. 
Will address this research to study how land-use urban exploit optimally by 
selecting uses manages a balanced urban any distribution services 
superstructures and infrastructure to study the possibilities of management 
systems , land uses through rationing urbanization ; in improving the 
conditions of transport within the city and then find a sustainable 
environment is able to grow sound without complications in the urban 
environment , whether ( social , economic or environmental ) are 
incompatible with the system of the city and urban bio  .  

The research seeks to clarify some of the mechanisms and important ways 
in the management of city land uses in order to achieve sustainability and a 
better distribution of their use for the purpose of improving traffic flow and 
sustainability of transport between these uses and achieve sustainable 
development in the city. 

   And will clarify the concept of sustainability and sustainable development 

and transport and sustainability , as well as management uses urban land 
and its relationship to transportation and goals, planning various 
investigating the concept of sustainability, urban environmental , economic, 
social , and will conclude at the end of search to a set of recommendations 
in the field of urban environmental management necessary to achieve 
sustainability 

. 

 المقدمة .

المؤسسات االدارة ھي علم او عملیة أنسانیة أجتماعیة  علمیة  تتناسق فیھا جھود  العاملین في الدوائر و     
انیات ستخدام ممكن بامكأفضل أالمؤسسة من أجل  تحقیق كأفراد وجماعات لتحقیق االھداف التي نشأت 

لمنافع مما یولد المادیة والبشریة والفنیة المتاحة ، أما ھي لترشید  وخفض نفقات وتقلیل الكلف وتعضیم ا
نة  وأدارة أفضل منفعة باقل كلفة .  وأن فھوم االدارة  یتداخل مع عدد من العلوم والتطبقات منھا ادارة المدی

حسین المرور وغیرھا من مفاھیم  التي أستخدمت  منطلق االدارة  في تأستعماالت االرض  وأدارة النقل  و 
ل  منافع  وتطویر  تلك  القطاعات  وأیجاد  أسالیب  وطرق  نمو  وتطویر  تلك  القطاعات  لتحقیق أفض 

 وتنمیتھا .

  أدارة االرض الحضریة  تعرف بكیفیة  توزیع  أستعماالت االرض و العوامل  المحدده لھا وتتحدد
اتھا والتطور بنظریات  وقوانین التي  تبحث  فیھا  وتتعامل  معھا  فأدارة  االرض  تتغیر بتغیر  أحتیاج
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كانیة  العالمي  وزیادة  مجاالت  التقنیة   ومجال النقل  والمواصالت  ومدى  توسع الحضري للمدینة  وأم
حدیثة  فھذا وسائل النقل  واالتصاالت التوسع  ھذه المدن بسبب الحاجة  السكانیة  والنمو العمراني  ودخول 

اضي التطور  والتوسع  ولد الحاجة  الى االھتمام  وااللمام بكیفیة   أدارة الحضریة للمدینة  اي أدارة أر
التجاوزات   المدینة  وكیفیة  أستغاللھا االمثل  الذي  یولد أكفئ أفضل توسع عمراني للمدینة  وتقلیل  ن

مدن  ة  وغیرھا  فھذا یتطلب  االھتمام  بكیفیة  تنظیم أستعماالت االرض للعلى  االراضي  الزراعی
 واالھتمام بشبكة النقل  وتنمیتھا لخدمة  المدینة  وساكنیھا .

 

 

 مشكلة البحث .

ور ندرة االرض الحضریة  وعدم  كفایتھا  لسد  حاجة  أستعماالت  الحضریة  في ضوء  النمو  والتط 
 الحضري  مما یولد عسر   في ایجاد الطرق  المناسبة  التي  من خاللھا  الخروج من مأزق التوسعات

البنى الفوقیة )  الطرق  (الحضریة  الذي یولد  الضغط على  الشرایین  االساسیة للمدینة  والمتمثلة بشبكات 
 وخدمات المدینة . 

 

 ھدف البحث .

من   معرفة  دور االدارة الحضریة  للمدینة  وتأثیرھا  على أدارة  أستعماالت االرض  الحضریة  التي  
ل  وأستخدامھا خاللھا  تحقق أفضل  توزیع  لھذه المدن  بتوفیر  الخدمات  أي  أفضل  أنسیابیة  لحركة  النق

ستعماالت االرض  التي  تحقق  أفضل تنمیة  میتدامة  لھذه المدینة . بین أ  

 

 فرضیة البحث .

ذي  یقلل من التوزیع االمثل  الستعماالت االرض وتقلیل  من التوسع االفقي  وتشجیع  البناء العامودي ال
عوامل  ام  وھذه الطول الرحالت  الحضریة  والربط  االمثل  الحیاء المدینة  وتعزیز  وتفعیل  النقل الع

 تساعد  على أماكنیة  تحقیق تنمیة  مستدامة  ومتوازنة  لھذه المدن . 

 

 

 

 

  إستعماالت األرض الحضریة 
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اطق       ة بالمن ة والمتمثل ة المختلف ائف المدین اني لوظ ع المك ریة التوزی تعماالت األرض الحض د بإس یقص
لیة رویح والتس ائف الت ة ووظ ناعیة والخدمی ة والص كنیة والتجاری رق الس ط الط رق ورب میم الط وكیفیة تص
ة ات االساسیة للمدین اییر والمتطلب ى المع ة  وإن، الحدیثة بالقائمة باالعتماد عل ة للمدین ات الوظیفی ة الفعالی كثاف

تعماالت  ى شكل إس اني عل ا المك ترتبط بحجمھا وأھمیتھا االقتصادیة واالجتماعیة  وتأخذ تلك الوظائف حیزھ
ة  ي المدین ریة ف م األرض الحض ى  .)١(تتقاس ریة عل تعماالت األرض الحض وم اس ق مفھ ن أن یطل ویمك

ل  ي تتعام ة الت ات الوظیفی ن الفعالی ة م ل مجموع ي تتفاع ري والت ز الحض من الحی بعض ض ھا ال ع بعض م
ة ي للمدین ل العمران ا ضمن الھیك ھ  بمجموعھ بكات الطرق متوازن ع ش ل بتوزی ل المتمث یابي امث یط انس بتخط

وم بوضع  .للمدینة  املة تق ة تخطیط ش وإن عملیة تخطیط إستعماالت األرض الحضریة ھي جزء من عملی
ة الع تقبلیة للتنمی ورات المس ة التص ة والبیئی ة والخدمی ادیة والثقافی ة واإلقتص ة واإلجتماعی ة واإلداری مرانی

  .)٢(وتحدید أنماط استعماالت األرض المستقبلیة

  الحضریة االرض استعماالت تخطیط

 تعد. والمجتمع االقتصاد على العامة األنظمة كفاءةوفعالیة تحسین" هو األراضي استخدام تخطیط من الهدف
 ضوابط اعتماد یكون خاللھ من الذي المدى في توثر واقعة حقیقة مدینة الي القائمة  االرض استعماالت
 االرض استعمال ضوابط استخدام تستلزم  عامة اھداف خمسة Abrams““ وضع لقد، االرض استعماالت

  .)٣( العامة المنفعة لصالح
السكن ،التجارة، تعزیز استعمال االرض لغرض التطور المواتي للمجتمع ( وحمایة اماكن - ١

  الصناعة،وبقیة االستعماالت ).
 منع او ردع االستعمال الخاطيء لالرض كي الیوثر على المجتمع - ٢
 تجنب اساءة استعمال االرض- ٣
 تنظیم حاالت عدم استعمال االرض و اھمال االرض - ٤
 توجیھ اعادة استعمال االرض الغراض اكثر مالئمة - ٥

 الوظیفیة لفعالیاتھا وفقا االرض الستعماالت المكاني التوقیع نمط تحدد  متعددة ومعاییر ضوابط ھناك    
 المدینة في غیرھا الكبیرة المدینة في ایضا اإلقلیم،وھي في عنھا المدینة في متباینة بالتأكید وھي،  المختلفة
 والتحدید الوظیفیة، للفعالیة انعكاس ھو األرض استعماالت تخطیط ان. الریفیة المستقرات في او الصغیرة
 عدة خالل من واختیار االرض استعماالت تعرف ویمكن،  المدینة مستوى على الوظیفیة للفعالیات المكاني

  .    االستعماالت أفضل إلى التوصل لضمان والحاجة األولویة حسب بینھما والمفاضلة لألرض استعماالت

 ھذه الھمیة االنسان وعي وفق یتناقص او یتزاید الحضریة االرض استعماالت بتخطیط االھتمام ان یبدو
 نجد اذ،  المدینة ضمن الوظیفیة للفعالیة  االفضل التوزیع ضمن حاجاتھا لتلبیة االستجابة وضرورة االرض

 والفعالیات المدینة سكان بین الوظیفیة العالقة تحدد ان الممكن من التي المشاكل من مجموعة ھناك ان
 المشاكل االزدحام مثل  مباشرة  بصورة باالرض المتعلقة المشاكل تبدو فعندما، المدینة في المختلفة الوظیفیة

 ھذه تبدو عندما لكن،  المشاكل ھذه حل في للتفكیر وجدي واضح الدعم یكون،  البیئیة المشاكل،  االقتصادیة
 بصورة الدعم ینحسر،  ردیئة اجتماعیة خدمات، البطالة،  التضخم،  مثل مباشرة غیر بصورة المشاكل
 األسباب ھذه. االساسیة مسبباتھا وضوح لعدم، المشاكل ھذه لحل االجتماعي الضغط ضعف بسب ملحوظة

 تدفع التي األسباب معرفة أجل من ،وذلك األرض استخدام بتخطیط لالھتمام المخططین من العدید دفعت
 التجاوز یتم ولماذا أخرى؟ دون منطقة  على الطلب ولماذایتكاثرو ، أخرى على قطعة الختیار اإلنسان الفرد
  . )٤( الحضریة البیئة تشویھ الى اإلنسان یدفع األساسیالذي الدافع ھو وما االرض؟ استعماالت على

ا بالدینامیكیة تتمیز األرض استعماالت ان ً  ردة تعتبر األرض فاستعماالت المتغیرة المجتمع الحتیاجات تبع
 االجتماعیة ودورالقوى االستعماالت ھذه على الوقوف الضروري من فانھ لذلك السكان الحتیاجات فعل
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 على المختلفة األنشطة بین المنافسةوالمفاضلة خاصة المختلفة التغیرات اثر عن فضال للمجتمع واالقتصادیة
 المتسلسلة اإلجرائیة الخطوات من حزمة ھو الوظائف حركة في وفعالیتھا المدینة داخل الواقع قیم

 جمیع وتقییم دراسة خالل من لألرض امثل استخدام إیجاد بھدف وتنفیذھا إعدادھا یجري التي والمترابطة
 طبیعتھ ھي االرض استعماالت مخطط یمیز ما اھم ان. العالقة وذات والطبیعیةالقائمة االقتصادیة العوامل

 یحدد ال( انھ اال االستعماالت مختلف الى فیھ یشیر الذي الوقت في انھ حیث الفعالیات مواقع الى االشارة في
 دوما وھنا.  )وبموقعھا بھا الخاصة والمبادئ العالقات ویوضح یعطي وانما المستشفى او المدرسة موقع
 المخطط ھذا اختصاص من لیست النھا وتركھا التفاصیل الى الدخول في ینزلق وال المخطط یقف ان یجب
 استعماالت توقیع موضوع تطرح النظریات بعض ان حتى) ZONES( باالنطقة اشبھ ھي العملیة وانما

 االستعماالت توقیع یتم بعد فیما ثم وتوجھاتھا المدینة حركة لرؤیة المناطق بقیة وترك ما لمنطقة االرض
  .  )٥( الحضریة االرض استعماالت مخطط بھا یمتاز التي العالیة المرونة من نوع یعتبر وھذا االخرى

 األرض الحضریةمحددات إستعماالت 

تتعرض إستعماالت  األرض الحضریة في المدینة إلى تأثیر مجموعة من العوامل أو محددات تؤثر                
ً وتعمل تلك العوامل منفردة أو  بشكل أو بآخر في ترتیب وھیكلیة وتخطیط تلك اإلستعماالت مكانیا

ً إلى موقع المدینة ومن ھذه المحددات                  ) .٦(مجتمعة  تبعا
  المحددات الطبیعیة: .١

ؤثر         ك العوامل ت اخ وتل وجي والمن ب الجیول وتتمثل المحددات الطبیعیة بالتضاریس األرضیة والتركی
ي  ً ف ا ً مھم ا تلعب دورا ذلك فإنھ ي ل یجھا العمران ث الشكل ونس ة من حی ي المدین بشكل واضح ف
د األرض  ل تحدی ن أج ً م دا ا جی ط معرفتھ ى المخط ذا یجب عل ھ ل تعمال وحجم وع اإلس د ن تحدی

  لالزمة لإلستعماالت الحضریة.                                    ا

  المحددات اإلجتماعیة: .٢

المحتوى   ھ ب ھ وعالقت اطھ وفعالیات ھ ونش ان ببیئت ة اإلنس الل عالق ن خ ة م ددات اإلجتماعی تتوضح المح
و  ریة ھ تعماالت األرض الحض ددة إلس ھ المح ل اإلجتماعی م العوام ن أھ ھ وم ة ب ة المحیط ادي للبیئ الم

تعماال ة الخارجي  وإس ا السلوك اإلجتماعي للطبقات اإلجتماعیة  اذ یؤثر في مظھر المدین ت األرض فیھ
ة  ى معرف دورھا إل ؤدي ب ي ت ة والت اتھم بالبیئ دد عالق ة تح كما أن األفراد والجماعات یخضعون لقیم معین

را ات الرغبات واإلحتیاجات التي تحدد األھداف  وھذه تحدد إعتبارات النشاط اإلنساني والق رات والفعالی
 ) ١(كما في الشكل 

  

  

  

  تحدید إستعماالت االرض أثر الجوانب اإلجتماعیة في )١(شكل 
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    Chapin , p. 30 /المصدر
  

  ویتحدد تأثیر العامل اإلجتماعي من خالل ما یلي 

  الھیمنة والتدرج والفصل أو التكتل:-أ

ى        ة عل ویقصد بالھیمنة التأثیر الذي تفرضھ إحدى المناطق المدینة من الناحیة اإلقتصادیھ أو اإلجتماعی
تعماالت أخرى. تعمال نفسھ أو إس ا اإلس ة فمن الواضح أن مناطق أخرى لھ و متصل بالھیمن درج فھ ا الت أم

اطق ال ین من ا یخص الفصل تأثیر منطقة األعمال المركزیة ال یتوزع بصورة متساویة ب ة. فیم ة المختلف مدین
ن إستعماالت األرض والمجموعات السكنیة كرد فعل  واع م ع وتصنیف أن ة تجمی أو التكتل فیعني أن عملی

  لظھور أي نمط غیر منسجم من أنماط إستعماالت األرض الحضریة.

  التمركز والتشتت : -ب

  ات الحضریة ضمن حدود المدینة أو مركز التمركز مفھوم یعني تجمیع أو تحشید السكان والفعالی        

  حضري معین أو في منطقة اإلستعمال الوظیفي وقد یتخذ التمركز صیغة طوعیة رسمتھ عوامل التكامل

ة.  ات معین ى قطاع ي إل ي تنتم ة الت ة أو الخدمی زة اإلداری تھ األجھ ریة فرض اعي وقس انس اإلجتم والتج
ھ عكس والتشتت عبارة عن عملیة تغییر مواضع إستعماال ت أرض معینة أوسكان إلى مواضع أخرى أي أن

    ظاھرة التمركز.

  

  

  المحددات االقتصادیة:  .٣
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ي بارزاً  دوراً  اإلقتصادیة المحددات تلعب         ر أن حیث الحضریة األرض إدارة ف ي األسس من الكثی  الت
ة في تعتمد تعماالت األراضي تخصیص عملی ة إلس ى تعتمد معین د األسعار عل ي والعوائ درھا أن یمكن الت  ت

تم الحضریة األرض لسوق الحرة المنافسة ظل وفي اإلستعماالت تلك اً  التخصیص ی ى لإلستعمال وفق  األعل
  : ھي  اإلقتصادیة المحددات ضمن المؤشرات أھم وأن ).٧(  واألفضل

 : سوق األرض الحضریة -أ 

ات          ز األرض إلحتیاج ى تجھی د عل ي تعتم ة الت ریة اآللی وق األرض الحض د س دان یع م البل ي معظ إن ف
ادیة  ل اإلقتص ن العوام دد م ھ ع ؤثر فی واق ت ن األس ره م وق كغی ذا الس ریة وھ تقرات الحض و للمس النم

ي اع ف دالت اإلرتف رت مع د أش عار األرض. وق ؤثرعلى أس دورھا ت ي ب یة والت ة والسیاس عار  واإلجتماعی أس
ا كون  د علیھ ب المتزای ع الطل األراضي في جمیع المدن بأن عرض األرض في المناطق الحضریة الیتناسب م
ا  ي خواصھا وقیمتھ لع األخرى ف ا سلعة إقتصادیة تختلف عن الس ز بخاصیة كونھ أن األرض الحضریة تتمی

ي موق ألرض ف ة ل ا فالحاج ى موقعھ د عل ریة یعتم راض الحض تخدامھا لألغ ن وأن إس دھا م ن س ا الیمك ع م
   . المعروض في موقع آخر

 : قیمة االرض الحضریة - ب     
كنیة        ة الس ا الكثاف ي أھمھ ل والت ن العوام ة م ریة بمجموع اطق الحض ي المن ة األرض ف أثر قیم تت

وع اإلستعمال  ة بالنسبة لإلستثمار والضرائب ون واألسكانیة ،الموقع وخصائصھ ،عامل األفضلیة والمنافس
د ا ً التخطیط الحضري من خالل تحدی را ة لألرض وأخی لسائد في المركزالحضري، الخصائص الطوبغرافی

كنیة  دات الس داد الوح ة وإمت اطق المفتوح اطع والمن اطق التق وارع ومن عة الش ة وس ات العام ع المؤسس مواق
  ونوعیتھا. 

ة وخا دن تكون عالی ي الم ة األرض ف رة أن قیم ذي وقد تبین من خالل دراسات كثی ة ال ي مركزالمدین صة ف
ة األرض  ي قیم ر ف ود تغی ع مالحظة وج راف م ى األط ا إل ا إتجھن ة كلم ل القیم ل اإلقتصادي وتق ل الثق یمث

  ) یوضح ذلك.٢(والشكل بالزیادة أوالنقصان بمرور الزمن. 
  

  إنخفاض قیمة األرض كلما إبتعدنا عن المنطقة المركزیة )٢الشكل (

  
  

  ٦٧،ص١٩٧٧،جغرافیة المدن  / حسین،) ٨(المصدر 
  

 النقل:  -ج
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الت       رق المواص اه ط رك بإتج داد والتح ى اإلمت ریة إل اطق الحض ي المن تعماالت األرض ف ل إس تمی
تعماالت األرض  ة من إس اط معین وخطوط النقل وفي أحیان كثیرة فإن وجود الطرق والشوارع یفرض أنم

اطق الحضریة  ال وبخصائص ومواصفات ممیزة ومن المؤكد أن العدید من أنماط إستعمال األرض في المن
تعمال  اري واإلس تعمال التج ي اإلس ال ف و الح ا ھ ل كم وط النق وفرت خط تمرإال إذا ت نجح ویس ن أن ی یمك
رمن  ي كثی الصناعي الذي یأخذ في كثیرمن األحیان شكل األشرطة الممتدة على جانبي الشوارع الرئیسیة ف

 المدن. 

  للمدینة الحضریة االدارة
 واالرتقاء الرفاھیة تحقیق الى"  أساسا تھدف التي الحضریة لتنمیةا على الحضریة االدارة مفھوم یركز      

 المدن مشاكل أي  المشاكل ومعالجة   الخدمات وتدني  التدھور حالة لرفع و المدن في المجتمع بمستوى
  . للمجتمع  المقدمة  الخدمات اكتفاء وعدم  العمراني والنمو  السكان عدد زیادة عن  الناتجة

 نتیجة ھي  بالمدن تتواجد التي العملیات  اغلب ان حیث  بمساعدتھا یتم والتنفیذ والتصمیم التخطیط  ان أذ   
 التعرف سیتم أي المشكلة لحل  لھ المخطط بتطبیق  حال واقع یحقق ھدفھا أي حلھا ومطلوب مشاكل  وجود
  حاجة سد ھي خصائصھا  أھم من الن الحضریة باالدارة ودورة التخطیط  عملیة في أدارة اھمیة على

 لسد فیھا العجز ومقدار متوفرة وامكانیات خدمات من موجود لما  الحضریة بالمناطق  توازن وجعل
  .) ٩( للمنطقة ومتوازنة متكاملة بیئة وخلق للمنطقة  الحضریة متطلبات

 متعددة مشاكل یسببان والخدمات االقتصادیة النشاطات وجذب الحضریة المناطق في السكان تركز وأن
 التجمعات التوسعات عن ذلك یرافق عما" فضال)  والتحتیة الفوقیة.(  االرتكازیة البنى على وضغوط
  .  وامنیة وبیئیة اجتماعیة مشاكل من تخلفة وما الحضریة

 المركزیة باالدارة المتمثلة العلیا المستویات على كانت سواء حكیمة ادارة وجود الحالة تلك  وتتطلب      
 في  نوعیة قفزة بتحقیق مطالب منھا كل حیث. المحلیة باالدارة المتمثلة)  االدنى(  دنیا مستوى على او

  المیدانیة الدراسات وأعتماد  والتخطیط بالتنظیم وفعالة حدیثة مناھج واستعمال عملھا وادارات اسالیب
 النقل لطرق  الممكنة یناتالتحس على والتعرف  وغیرھا  النقل كستراتیجیة  الالزمة ستراتیجیات واعداد

 توزیعات او  المدن تجمیل ستراتیجیة او   المختلفة  المناطق بین الوصول سھولة عملیة على یساعد مما
 الحضریة المواقع مستوى رفع في الكبیر االثر ذات ستراتیجیة تحقق التي  المختلفة  االرض أستعماالت

  . )١٠" ( عمرانیا

  

) ١١( اساسیات أدارة االرض  

 و یتبنون ان ینبغي مدیریھا و االرض مستخدمي االرض الدارة متكامل اسلوب في الناجح لإلسھام    
 :فعالیاتھم حیاة لدورة عمل كخطط التالیة المباديء یطبقون

 واالجتماعیة البیئیة( التراكمیة واآلثار والمخاطر والمنافع للقیم تقییمھا في ومتوازنة شاملة تكون أن - 
 على تركز تبقى حین في فیھا، النظر یجري التي التشغیلي للجدول الصلة ذات والمبادالت) واالقتصادیة

  .البصمة.تاثیرات.نم.الحد
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 والشراكات والعالقات المناسب، الوقت في المشاركة من استباقي بشكل تسعى وشاملة، تعاونیة تكون أن - 
  . المشاركین بین المستدامة

 یتعلق فیما القوامة أخالقیات تبرھن و تعزز والتي وأفعالھم، قراراتھم عن ومساءلة مسئولة تكون أن - 
  .والموارد باألراضي المرتبطة القیم على بالحفاظ

 االتجاه ھذا وتعكس والقرارات، والخطط التوجیھیة السیاسات خالل من المقدمة االتجاه مع متسقة تكون أن - 
  .أنشطتھا في

 من المحتملة للعواقب أفضل فھم في المعلومات تسھم ،اذ الصلة ذات والعلوم بالمعارف علم على یكونوا - 
  .وحكیمة واعیة لقرارات األساس ویوفر المطروحة، الخیارات

 المعلومات في الثغرات تحدید مع مستمر، بشكل والعملیات األدوات لتحسین التكیفیة اإلدارة استخدام - 
  .الشواغر ھذه لملء والسعي االحتیاجات من وغیرھا

 والمسؤولیات األدوار ھذه االراضي، استخدام ادارة نتائج بتحقیق المتصلة والمسؤولیات األدوار معرفة - 
  .المناسب الوقت في وتقوم والمدیرین، األراضي مستخدمي لجمیع بوضوح تبلغ شفافة،

  المستدامة التنمیة

 تفي التي الفرضیات وتطویر االفتراضي الواقع تنمیة توظیف في كافة السبل وضع ھي التنمیة
 یرتبط بما احتیاجاتھا تلبیة في األجیال قدرة على المساومة دون الحاضر بضروریات

   عام بحث.  المستدامة التنمیة باستراتیجیات

 في شخص لكل للحیاة نوعیة افضل تحقیق من التاكد كونھا في عنھا التعبیر یمكن المستدامة التنمیة وان
 النمو تحقیق في تھتم انھا حیث) .  كفایتھم اي المجتمع متطلبات سد(  القادمة لالجیال و الحاضر الوقت

 الظرر الن ذلك و المستطاع، قدر البیئة تحسین او المحافظة مراعاة مع ، الحیاة معاییر باعلى االقتصادي
 التنمیة اولویات من و الحیاة، نوعیة و االقتصادي المستوى تدني الى یؤدي سوف اجال ام عاجال البیئة في

 طابع ذات یجعلھا ما ھذه و للنخبة فقط لیس و للجمیع متاحة البیئیة و االقتصادیة المنافع تكون ان المستدامة
 تحقیق في  والمجتمع)  والمحلیة المركزیة(  الدولة مسؤولیة اھمیة بین وربط ) فراس بحث ( اجتماعي

    .   استدامتھا لتحقیق مشترك بعمل للتنمیة االساسي التكوین في والتداخل الترابط یكون اي المستدامة التنمیة
 الطاقة،: مثل بقضایا االستدامة تھتم ما غالبا اذ تمثلھا، ان و عنھا تعبر ان یمكن اوجھ عدة لالستدامة
 االرض باستدامة البحث سیھتم وھنا االستدامة حقول من غیرھا و االرض و البیئة المجتمع، االقتصاد،

 باستھالك بالترشید عنھ التعبیر یمكن و Sustainable land المستدامة االراضي.  واستعماالتھا
 و جیدة أدارة ادارتھا خالل من الخصبة الریفیة االراضي من لھا المجاورة تلك ام الحضریة سواء االراضي

  .  )١٢(  الالحقة االجیال بحصة المساس دون دیمومتھا و الحالیة لالجیال المنافع افضل لتحقیق ذلك

  .واالستدامتھا الحضریة االرض أدارة تواجھ التي التحدیات

 نوعیة ان و الحضریة، المناطق في یعیشون األوروبي االتحاد في مواطنین خمسة كل بین من اربعة ان     
 و فیھا العمل یتم التي األماكن ھي فالمدن ، وضیفتھا و المدن علیھ تبدو ما على یعتمد بیئتھم ونوعیة الحیاة
 الحضریة المناطق ھذه ،وان المختلفة االنشطة من ذلك غیر و العمل فرص فیھا تتوفر و استثمارات إجراء
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 الذي فیھا الحضریة االراضي أدارة و توزیع و بتنضیم یتعلق فیما المشاكل و التحدیات من مجموعة تواجھ
 الذي و المفرط الحضري التوسع و الحضریة االرض استنزاف بینھا من الحضریة المشاكل من كثیر اوجد
 واالزدحام المرور حركة وحجم الھواء، نوعیة تدني مثل مختلفة مشاكل ایجاد في الرئیس الدور لھ كان

 والمناطق والریاضة واللعب الھادئة المناطق وندرة المحیطة الضوضاء من عالیة مستویات المرتفعة،
 االمتداد لحضریة المناطق في الدفیئة، غازات انبعاثات من عال ومستوى المبنیة، البیئة إھمال الترفیھیة،

 على كبیرة آثار ولھا خطیرة البیئیة التحدیات ،ھذه الصحي الصرف ومیاه النفایات من كبیرة كمیات وتولید
  .) ١٣(  االقتصادي واألداء البیئة في ، الصحة

. العمرانیة التنمیة  

  ومعطیات متطلبات  یشمل حیث االنساني او  المكاني او  الجغرافي الحیز یغطي  مفھوم ھو      
  بمتطلبات  االھتمام ھي العمرانیة التنمیة ان حیث بینھما والتنسیق  والخدمات  العامة المرافق ومتطلبات

  ثالث تحقق العمرانیة التنمیة ان بمعنى  والمكان النفس عمران اي والعمران والعمران واالنسان  المكان
 بذلك المعنیة االدارة وایجاد  لتحقیقھا التمویل وتوفیر  االنسانیة والتنمیة المكانیة تنمیة ھي انسانیة متطلبات

 متطلبات تحدید الى الیصل  العمراني المخطط ان حیث العمراني للمخطط  مكملة  العمرانیة التنمیة فتعد
  تمویلھا واسلوب  لھا  المالي الدعم وتوفیر  وتوفیرھا )  والتحتیة الفوقیة البنى(  خدمات من المجتمع
 لتلك  العمرانیة بالتنمیة االھتمام ثم المراحل ھذة تكوین  بعد اال   بھا  المعنیة  القطاعات بین والتنسیق
 ومسؤولیة لدور الصحیح الفھم  غیاب ظل في اھدافھا تحقق  أن التستطیع العمرانیة فالتنمیة،  المرحلة

  التنمیة تحقیق في  دور لھا  المركزیة فاالجھزة الدولة وتركیب  منظومة  ضمن  االداریة المستویات
  واالدارات  لھا الالزم  التمویل  توفیر على   والعمل  التنمویة  السیاسات رسم في ذلك یتمثل و العمرانیة
 بتنفیذھا  المعنیة  لمحلیةا  االجھزة مختلف بین والتنسیق  االولویات بترتیب  معنیة  المحلیة واالجھزة

)١٤(.  

) . ١٥( العمرانیة التنمیة معوقات  

  . األراضي الستعماالت مالئم عمراني نظام وجود عدم.١ 

 بشأن الحكومیة القرارات مثل المدینة احیاء في التخطیطیة النواحي الفئة ھذه وتغطي
 وانعدام والمتعرجة الضیقة والشوارع األراضي واستخدامات البناء أنظمة في التغییر

 األداء قصور مثل المسكن في المعماریة الجوانب تغطي كما الحي في المفتوحة المناطق
 ونقص وتردي صیانتھا تكالیف وارتفاع المباني وتھالك.  المساحات ونقص الوظیفي

 داخلیة ةوأفنی وارتدادات وجود وعدم.  بانيللم االتشائیة الحالة وتردي المساحات
 بین والربط للسیارة كاراجات وجود وعدم األفقي و الراسي التوسع في وصعوبة
 .   للمدینة العمراني التوسع ومعالجة بالقدیمة الحدیثة لالحیاء والثانویة الرئیسیة الشوارع

  . للمدینة م عا تنظیمي توجیھي مخطط غیاب.٢

 بحیث البناء ضابطة-  --  نظام وتعدیل للسكن وتقني مالي دعم وغیاب للمساكن المستمرة الصیانة غیاب.٣
  . المستدامة التنمیة مع یتالءم بما الوجائب نظام وتحقیق الصیانة أعمال مع مل التعا في مریحا یكون
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 البناء عملیات وتنظیم أسسب االلتزام عدمو  والخدمیة التاریخیة المباني لحمایة قانونیة قاعدة غیاب.٤
  . منتظم الغیر العشوائي النمو من والحد المدینة حدود ضمن

 وحمایتھا المدینة خدمات بتوفیر  المختصة الجھات من لكل اداریة ومسؤؤلیات مھام تحدد خطة وضع .٥
  . واستدامتھا

  . المباني ارتفاعات تحدید في المبنیة البنیة وانسجام العمراني الطابع لحمایة مناسبة تنظیمیة أحكام غیاب.٦

  . تنمویة ومشاریع استاتیجیات لتنفیذ قروض ومنح مستمرة تمویل مصادر توفیر.٧

  . معینة جھات بھا تساھم مشترك قطاع احداث مبدأمشاركة تأكید.٨

  . والتطویریة التنمویة بالمشاریع القیام على المواطنین لتشجیع اقتصادیة حوافز توفیر.٩

 بیئیة وعمرانیة تنمویة استراتیجیات تنظھا التي والتغییر التجدید عملیات بین مستقر توازن غیاب.١٠
  . واقتصادیة

  .المجتمع مشاركة غیاب.١١

 من  ریعتب حیث،  للمدن الحضریة لالدارة  المھمة االمور من  النقل شبكة وتحدید النقل بأن  یتبین - 
  االساسي والمكون  لھا  الحضریة االرض أستعماالت  وأدارة المدینة  تكوین على التعمل  المحددات
 ضريالح النقل وما النقل مفھوم ما معرفة  یتطلب فلھذا،  توسعھا مع  القائمة  المدینة وربط  لتوسعھا
. للمدن واستدامتھا  التنمیة في ودوره وأھمیتھ  

  . النقل مفھوم

 دوراً  یؤدي اذ الحضریة المنظومة في الحیوي الشریان یعد فھو التحتیة البنى الخدمات اسس  احد ھو       
 أنھ في للنقل األساسیة الوظیفة وتتجلى.  بعینھا الحضریة المنظومة ھو بل للمدن العمراني الھیكل في أساسیاً 
 تمثل التي االماكن من غیرھا و الترفیھ و التسوق و التعلیم و العمل ومكان المسكن بین الوصل حلقة یوفر

 تتعلق رحالت ھي المدن داخل الرحالت من %٥٠ من اكثر ان وجد وقد الرحالت، جذب مناطق
 السكان بین العالقة ربط خالل من المدن داخل خاصتا األھم تمثل التي الناس حركة یعد فأنھ.بالعمل

 ضعف و االرض استعماالت توزیع سوء الى العمراني النمو او النھضة أدت وقد ،  األرض واستعماالت
 مشكالت ومنھا الحضریة المشاكل من العدید وجود إلى العالم مدن من الكثیر بھا مرت التي فیھا االدارة

 الرحلة زمن زیادة و المروریة واالختناقات الشوارع بازدحام رئیسي بشكل المتمثلة الحضري النقل
 تحقیق من البد كان المشكالت ھذه ولحل . والسمعیة البصریة أشكالھ بكافة البیئي والتلوث والضوضاء

 مكمالن األرض واستعماالت المواصالت من فكل األرض واستعماالت للمواصالت متكامل تخطیط
  .)١٦( االخر البعض لبعضھما

 .النقل  وعالقتھا بمنظومةإدارة إستعماالت األرض الحضریة  
 لمدینةا تصمیم اساس وأنھا الحضریة األرض إلستعماالت األساسیة العناصر من النقل منظومة تعتبر        
 والیمكنھا وتنمو تتطور أن للمدن الیمكن النقل بدون إذ الوظیفي الجانب ھما جانبین من األھمیة تلك وتكمن

) .....الصناعیة التجاریة، السكنیة،( لإلستعماالت بالنسبة الصعب من ویصبح البعض بعضھا مع تتفاعل أن
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 فیتمثل اآلخر الجانب أما. والبضائع األشخاص حركة بدون المدینة داخل وظیفتھا تؤدي أن األخرى
 والشوارع الطرق تشمل النقل ألغراض األرض وإستعمال. اإلستعمال لھذا تخصص التي بمقداراألرض

 تلك أن إال المدینة مساحة من) %٢٥- ٢٠( من نسبة وتشكل والمطارات الحدید وسكك السیارات ومواقف
 المناطق نمو ھو الحضري فالتوسع .ووظیفتھا الشوارع أنماط وحسب المدینة حجم إتسع كلما تزداد النسبة

 تجھیزه الى یحتاج التوسع ھذا مثل ، المتضام الطبیعي الحضري للنمو المكانیة الحدود وراء ما الى السكنیة
 أدارة فأن السكان كثافة معدالت بانخفاض تمتاز التي المناطق لتلك المختلفة الحضریة المنافع و بالخدمات

 یكن لم ان متقاربا معنا تعطي مفاھیم كلھا الحضریة االدارة او االرض استعماالت أدارة او المدینة اراضي
 مباشرة بصورة النقل یؤثر و المدینة في االرض استعماالت توزیع و ترتیب اعادة و تنظیم كیفیة في واحدا

 فعالیاتھم بدوافع االشخاص حركة في یتجسد المدینة في التفاعل ان اذ بھا یتأثر و ھذه التوزیع عملیة في
 في التخطیطیة للعملیة الخاضعة المتغیرات من العدید تتضمن ،والتي واالجتماعیة منھا االقتصادیة وغایاتھم

 مع الوظیفیة وعالقاتھ النقل وظیفة مفھوم خالل من النقل كثافة اتجاھات ورسم الحركة ھذه تفسیر
 االقتصادي النشاط لخدمة الوظیفي اداءھا وتطویر النقل حركة وفاعلیة دیمومة في االرض استعماالت

  . ) ١٧( السكان وحركة

 وفعالیاتھ السكاني للتجمع مركزاً  لكونھا النقل طرق فیھا تتشابك عقدة شكل على المدینة تمثیل ویمكن
 لھذه اإلقلیمیة العالقات تأثیر في المھمة المقاییس من تعد التي النقل حركة كثافة على ینعكس ،وبما المتنوعة

 و المدینة بین االقتصادي والتبادل التفاعل حاالت مقیاس ھو النقل طرق في التشابك ھذا .تلك او المدینة
 بدوافع االشخاص حركة في یتجسد التفاعل ،ھذا بینھما المتبادلة والعالقات الوظائف مختلف في اقلیمھا

 للعملیة الخاضعة المتغیرات من العدید تتضمن ،والتي واالجتماعیة منھا االقتصادیة وغایاتھم فعالیاتھم
 وعالقاتھ النقل وظیفة مفھوم خالل من النقل كثافة اتجاھات ورسم الحركة ھذه تفسیر في التخطیطیة

 النشاط لخدمة الوظیفي اداءھا وتطویر النقل حركة وفاعلیة دیمومة في االرض استعماالت مع الوظیفیة
 على مباشر بشكل سیؤثر المدینة داخل االرض استعماالت مواقع تغیر عملیة ان.السكان وحركة االقتصادي

 ،اذ المدین الى الداخلة الحركة انماط تغییر على ذلك امكانیة عن ،فضال المدینة داخل وكثافتھا الحركة شكل
 فیھا المتاحة الموارد و االراضي فیھا نستخدم التي للطریقة المخطط الستراتیجي النھج ھي االرض أدارة ان

 تخطیطھا و االراضي أدارة بعلم باالستعانة االراضي استخدام كفاءة خالل من تتأتى المتكاملة االرض أدارة
 الحضریة االرض أدارة تھدف و الحضریة الفعالیات مختلف حیاة دورة لكامل التقییم و القرارات اتخاذ و

 التنظیم ھذا خالل من تتكامل اخرى ثانویة اھداف عن فضال المدینة في االرض استعماالت تنظیم الى
 یمكن التي) .١٨( التخطیطیة القضایا من مجموعة و بالنقل االھداف ھذه تتعلق االرض الستعماالت

  .التالي بالجدول تلخیصھا

  االهداف التخطیطیة العامة  التاثیر على النقل  عوامل استعماالت االرض

  سهولة الوصول -

  زیادة في كثافة االستعماالت -

  استعماالت ارض مختلطة -

  التركز في االنشطة -

  التقلیل من ملكیة المركبات - 

  التقلیل من مسافة الرحالت - 

  زیادة في رحالت المشي و الدراجات - 

  زیادة االعتماد على النقل العام - 

  تخفیف الزحام المروري - 

  تقلیل كلف انشاء الطرق و المواقف - 

  تقلیل االستهالك للمركبات - 

تطویر الحركة لغیر مستخدمي  - 
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  ربط المناطق بمسارات النقل -

  تنتظیم تصامیم الطرق -

توفیر ظروف مالئمة لرحالت -
  المشي و الدراجات

  تحسین ظروف خدمات النقل العام -

  تجهیز و أدارة لمواقف المركبات -

  تصامیم موقعیة جیدة -

  أدارة الحركة -

  ملةبرامج نمو ذكیة و متكا -

  زیادة المشاطرة بالركوب - 

  تفعیل نظم االتصال الحدیثة - 

  رحالت قصیرة - 

  المركبات

  مرور امن - 

  الحفاظ على الطاقة - 

  تقلیل االنبعاثات الملوثة - 

  تحسین الصحة العامة - 

  تحسین المناطق السكنیة - 

  تحسین التفاعل في المجتمع - 

  / المصدر . الباحثالتخطیطیة العامةعوامل استعماالت االرض المختلفة وتاثیرها على النقل واالهداف 

  

   النقل.التخطیطیة الدارة االرض وعالقة بشبكةاالهداف 

 في یساعد ان یمكن  عنھا الناجم الرحالت سلوك في والتغیر االرض استخدامات أدارة ستراتیجیات أن    
 ھذه بعض یبین التالي الجدول ، التخطیطیة االھداف من العدید الى الوصول و المشكالت من العدید حل

 تختلف االثار ھذه االھداف، ھذه بلوغ في االرض استخدامات أدارة ستراتیجیة قدرات یناقش و االھداف
 خالل من ینتج االخر بینما ، المركبات لملكیة التقلیل من تنتج االثار بعض المثال سبیل على ، طرق بعدة

 المركبات، رحالت من االجمالي في التغیر من ناجم وغیرھا عام، بشكل المركبات استخدام من التقلیل
  .) ١٩( الذروة وقت المركبة في الرحالت تخفیضات من أساسا ینتج اآلخر والبعض

  تاثیر استراتیجیات ادارة استعماالت االرض  االهداف التخطیطیة

  التخفیف من الزحامات
،لكــن بتقلیــل حصــة المركبــة مــن ســتراتیجیة تزیــد الكثافــة العامــة و ترتفــع معهــا معــدالت الزحامــات 

اـلرحالت و تقلیــل كلــف الزحامــات االقلیمیــة الكلیــة ،نظــم ادارة اســتخدامات االرض یمكــن ان تقلــل 
  من كمیة الزحامات السابقة لكثافة معینة.

التقلیل من كلف المواقف و 
  الطرق

 مرافـق تقلیـل كمیـةتكـالیف البنـاء، ولكـن المنشـأة و  تصـمیم زیـادةتعمل علـى   بعض االستراتیجیات
  .التكالیف الكلیة یقللذلك المطلوبة و  الطرق ومواقف السیارات

ربمى تزید من بعض كلف التطویر و تقلـل االخـرى لكنهـا تقلـل مجمـوع كلـف النقـل لالسـرة بشـكل   وفورات للمستهلك
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  عام.

  تحسن كبیر في خدمات بدائل النقل (المشي،الدراجات،النقل العام)  خیارات النقل

  سالمة على الطرقال
الكثافـة المروریـة تــزداد و یضـعف التـردد فــي الـرحالت و لكـن تقــل شـدة الحـوادث الــذي یـؤدي الــى 

  تقلیل ضحایا حوادث المرور

  األراضي.استهالك و ، التلوث وانبعاثات استهالك الطاقة نصیب الفرد من یقلل  حمایة البیئة

  النشاط.و  وركوب الدراجاتالمشي  زیادة كبیرة في یمیل إلى  الصحة البدنیة

  تماسكه.واالندماج االجتماعي و  للمجتمع الجمالیة زیادة یمیل إلى  التفاعل االجتماعي

  / المصدر .الباحث فعالیة استراتیجیات ادارة استعماالت االرض

   .ه أدارة االرض الحضریة واالستدامتهاالتحدیات التي تواج

وفر و استثمارات إجراء و فیھا العمل یتم التي األماكن  من ھي ةنیمدال      ا تت ر و العمل فرص فیھ ك غی  ذل
ن طة م ة االنش ذه ،وان المختلف اطق ھ ریة المن ھ الحض ة تواج ن مجموع دیاتال م اكل و تح ا المش ق فیم  یتعل
ا من الحضریة المشاكل من كثیر اوجد الذي فیھا الحضریة االراضي أدارة و توزیع و یمبتنظ تنزاف بینھ  اس
ذي و مخطط الغیر الحضري التوسع و الحضریة ضاالر ان ال ھ ك دور ل رئیس ال ي ال ة مشاكل ایجاد ف  مختلف
تویات المرتفعة، واالزدحام المرور حركة وحجم الھواء، نوعیة تدني مثل ة مس  المحیطة الضوضاء من عالی

اطق والریاضة واللعب الھادئة المناطق وندرة ة، والمن ال الترفیھی ة إھم ة البیئ ا المبنی اك و ،وغیرھ د ھن  العدی
ل االستدامة، تحقیق مع یتعارض فیما النقل قطاع یسببھا التي المشاكل من ات ،السالمة الحوادث مث  ،االختناق

  :)٢٠(وغیرھا البیئة ،تلوث المناخ الوقود،تغیر ،واستھالك

ع. مستدامة لیست مستخدمھ یقتل الذي النقل نظام أن المقبولة المنطلق یكون أن ینبغي: الحوادث - أوال     وم
ي المركبات من واإلصابات الوفیات تدرج أن في یرغبون ال القرار صناع من العدید ذلك،  التفاضل حساب ف

الم في المركبات أسطول أن على تدل المؤشرات. االستدامة مناقشة وراء الكامنة والتكامل ا عن مسئول الع  م
ر من وھي ملیون ٧٠ حوالي واإلصابات عام كل وفاة حالة ملیون من یقرب أثیرا المرور مشاكل أكب ى ت  عل

ادة الحوادث نسبة تزداد ،اذ البشریة السالمة دن واتساع التحضر بزی ا الم ى إضافة(  عموم ة ظروف إل  البیئ
ي الحوادث عن فضالً )  والعواصف والریاح االمطار مثل أتي الت  وال ، المرور وقواعد آداب تجاھل نتیجة ت

ة بصورة الحوادث مشكلة على القضاء یمكن ھ إال نھائی د االدارة و التخطیط یمكن ان ا للح ل منھ ددھا وتقلی  ع
  .مستویاتھا وتخفیف

ؤتمر وصف: االزدحام – ثانیا     ي الم وزراء األوروب ل ل ام النق ذي" المرور حال في االزدح و ال وف ھ  وق
نخفض وتدفق للمركبات عالي تركز مع جدید من وانطالقھا المستمر المركبات ة م د للحرك ام ویع  من االزدح

ارا الحضري النقل مشكالت أكثر ي انتش دن ف ة الم ي خاصة العربی ات ف ذروة أوق وم من ال ات وھي الی  األوق
ي ا یسعى الت ون فیھ ال الموظف ى للوصول والعم م إل ي أو ، عملھ ت ف اء وق دوام انتھ ي  ال م وف ان معظ  األحی
ة وضعف االرض استعماالت توزیع سوء االزدحام سبب یكون دم الطرق لشبكة االستیعابیة الطاق اءة وع  كف
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ل نظام ي النق ة ف ة االحتیاجات تلبی بة المطلوب م بالنس رور لحج دن ضمن الم ث ، الم ة سرعة تصل حی  حرك
ي المرور ر ف ن كثی ات م ذروة أوق ین ال م ٥-٤ ب ذي األمر ، ساعة/ ك ؤدي ال ى ی ر ضیاع إل ن الكثی ت م  الوق
  . والجھد

 االستیعابیة للطرق ذات المرور غیر المنقطعمنحنى 

 

وث - ثالثا    ي التل ھ ویقصد: البیئ واع مختلف ب وث ان ة التل وائي(للبیئ ر من إن اذ)بصري ، ،ضوضاء ھ  اكب
واء تلوث أخطار ھي المدن في البیئة في الضارة النقل وسائل أخطار ي الھ زداد  الت اد ت راق بازدی ود احت  الوق

ى تالف عل ھ اخ ن أنواع ف وم احنات مختل ات الش و ، والمركب ر وھ ل ام كل حاص ر بش ة كبی ام نتیج  االزدح
دني یر، سرعة وت ة الس ي خاص اطق ف ریة المن ي الحض زداد الت ا ت ة فیھ كانیة الكثاف ي الس دن ف  یصل اذ ، الم
وث ى التل داد إل رة اع ن كبی اس م ات الن رة وبكمی ي كبی ت ف یر وق الي قص دد وبالت حة یھ ة الص ة العام  والبیئ

ة كل الطبیعی ر بش ا كبی اء ام ي الضوض وات فھ ة األص ن المنبعث ة م رور حرك ة الم تعمال نتیج واق اس  أب
ا العجالت واحتكاك والفرامل السیارات ي األصوات من وغیرھ ا تسبب الت  األعصاب على وضغطاً  إزعاج
  .  المشاة أو الطرق من القریبة العامة المرافق ضمن المتواجدین أو المنازل لساكنین

  

  تولد ثاني اوكسید الكاربون تبعا الى السرعة
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ا    ود استھالك -رابع ل: الوق نفط النق یران وال ا یس ى جنب ب إل ل جن د ،فالنق كل یعتم ا حصري بش ى تقریب  عل
ة مقارنة) ٪٩٦(بنسبة و النفط ة وسائل ببقی لم ،ومن الطاق ھ المس ا ب ة في أن عموم ك نحو أو سنة مائ  من ذل

 .النفط من برمیل تریلیون ١ من یقرب ما استخدم قد العالم فإن كوقود، البنزین باستخدام السیارات

  )٢٠٠٦-١٩٥٦استهالك الوقود في الوالیات المتحدة بحسب القطاعات (

  

  

  ، الوالیات المتحدة األمریكیةنقل الركاب وسائط في الستهالك الطاقة النسبیة

  

. المستدامة بالتنمیة وعالقتھا  النقل شبكة  

  حتمیة حالة المركبة وجود أن حیث   المستدام النقل یسمى وسیاستھ  النقل تخطیط  بمجال  االھتمام أن    
،  وغیرھا والحوادث  والتلوث  كاالزدحامات  مشاكل من  لھا لما الرغم على  العالم نطاق على  وضرورة

  حیث  الرئیسیة بالشبكات  وربطھا  المستمرة وادامتھا  وتطویرھا  وتوسیعھا  بالطرق  االھتمام  فیتطلب
 نمو وتحدید  االرض استعماالت وتنظیم  وتوسیعھا الطرق  اضافةب ھو تكون النقل  المشاكل  اغلب بحل

  وبعملیة بھ واالھتمام المستدام النقل ھو  فروعھا وبأحد المستدامة بالتنمیة االھتمام وان. العشوائي المدن
 من  الناجمة البیئیة  االضرار تسبب التي النقل مشاكل من  تقلیل الى والسعي  وتنظیمھا  النقل  التخطیط
 النقل مبادئ بوجود تكتمل حیث المستدامة للتنمیة االساسیة المكونات احد یعد النقل  وسائل  أستخدام
  . وھي ) ٢١( المستدام
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من باقل وقت وكلفة ممكنه إن الوصول إلى األشخاص واألماكن والسلع والخدمات  تأمین الوصول: -أوال    
  .األهمیة االجتماعیة واالقتصادیة لرفاهیة المجتمعات 

وتساهم تحقیق العدالة االجتماعیة: تعد نظم النقل عنصرا هاما من عناصر االقتصاد القومي ،  - ثانیا    
مباشرة في بناء المجتمع وتحسین نوعیة الحیاة ، وبالتالي ینبغي على الدول توفیر نظم النقل التي تحقق 

 العدالة االجتماعیة واإلنصاف بین المدن واألقالیم ، ولكافة المناطق الحضریة والریفیة على السواء .

في المدن  في أنظمة النقل المختفةینبغي توفیر شروط الصحة والسالمة العامة  الصحة والسالمة: –ثالثا    
نظم النقل بطریقة غیر مضرة بالصحة العامة وتحقق الرفاهیة االجتماعیة تصمیم وتشغیل ، اذ البد من 

  وتحسین نوعیة الحیاة في المجتمع . للسكانوالسالمة 

رة تساهم األنشطة البشریة في تدمیر الموارد الطبیعیة أو استهالكها بمعدالت تفوق قد جودة البیئة: -رابعا   
الطبیعة على إعادة تجدیدها أو استبدالها ، كما تزید الضغط على البیئة وقدرتها المحدودة في استیعاب 

  النفایات ، وفي هذا المجال ال بد من بذل الجهود نحو تطویر نظم نقل تتقید باالعتبارات البیئیة التالیة :

ت تجدیدها ، واستخدام الموارد التأكد من أن معدل استخدام الموارد المتجددة ال تتجاوز معدال - ١
  المتجددة ضمن الحد األدنى .

والمناخ اذ ینبغي سد احتیاجات النقل دون تولید االنبعاثات التي تهدد الصحة العامة ، منع التلوث: - ٢
 ة العملیات اإلیكولوجیة األساسیة.والتنوع البیولوجي  وسالمالعالمي ،

عاثات والمخلفات والملوثات السطحیة، إضافة إلى الحد من النفایات :وذلك عن طریق تقلیل االنب - ٣
الحد من النفایات المتولدة من تغییر وسائل النقل والمركبات والحافالت و غیرها من وسائل النقل 

 المنتهیة الخدمة أو المتوقفة عن . 

ضمان وجود إدارة طوارئ ضمن مكونات نظم النقل المعمول بها من أجل االستجابة ألیة حوادث  - ٤
 ممكن أن تؤدي إلى كوارث بیئیة. 

 . على النقل الحد من استهالك الوقود األحفوري والتقلیل من االنبعاثات من خالل كفاءة إدارة الطلب - ٥

بدیلة المبتكرة التي تساعد على تحسین كفاءة ینبغي مواكبة التطور والبحث العلمي للتكنولوجیات ال - ٦
 النقل وحمایة البیئة وتشجیع استخدام الطاقة البدیلة والمتجددة .

وعلى ینبغي أن تكون نفقات نظم النقل المستدامة فعالة من حیث التكلفة ، الجدوى االقتصادیة:  -خامسا    
صناع القرار في مجال النقل إیجاد نظام حساب للتكالیف اإلجمالیة والمتكاملة ، بحیث یعكس الحقیقة 
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ف اإلجمالیة بما فیها التكالیف على المدى البعید ، وذلك من أجل االجتماعیة واالقتصادیة والبیئیة للتكالی
  تحقیق معیار المساواة والعدالة في الدفع من قبل مستخدمي وسائل النقل مقارنة مع التكالیف اإلجمالیة .

  

  .كحالة دراسیةأدارة استعماالت االرض الحضریة في مدینة بغداد 

یجاد توازن وظیفي وسلوك مثالي لعناصر النسیج الحضري التي إذا كان  هدف التصمیم األساسي هو ا    
تصب كلها في راحة اإلنسان ،فان الذي حدث الستعماالت ارض المدینة من تغیرات عشوائیة أفقدت الفرد 
الحضري لراحته وأربكت وظائف مدینته  ، في وقت كان بإمكان اإلدارة الحضریة السیطرة على استعماالت 

توجیهها بما ینسجم مع ما صممت علیه، إال أن سیاسة هذه اإلدارة كانت من المساهمین  األرض والتحكم في
وبفاعلیة على إرباك استعماالت األرض في مدینة بغداد ،خاصة وان لهذه اإلدارة عدة خیارات منها سیاسة 

أو أن تتدخل كمنظم ومخطط في حالة اشتداد المنافسة بین   Zoningتحدید االستعماالت بعملیة التنطیق 
االستعماالت المختلفة على األرض للسیطرة علیها .أو أن تلزم نفسها بالقوانین الساریة ذات الصلة بشان 

  توزیع وتنظیم وتسمیة االستعماالت الحضریة .

د أول    ها من قبل المصمم االنكلیزي تجدر اإلشارة إلى أن مدینة بغداد خضعت إلى خمس تصامیم ،اعّ
ویلسن في بدایة العشرینات من القرن الماضي وكان آخرها التصمیم األساسي الذي أعدته شركة بولسیرفس 

) J.C.C.Fثم أعید النظر فیه من قبل الشركة االستشاریة الیابانیة (  ١٩٦٥البولونیة والتي بدأت به عام 
حیزا واسعا من أعمال شركة بولسیرفس یمكن أدراجها وشغلت مخططات استعماالت األرض   ١٩٨٢عام 

  باالتي:

أجراء المسوحات الالزمة لوظائف المدینة المختلفة (استعماالت األرض)من اجل تنفیذ المرحلة  - ١
  األولى.
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عادة تنظیمها وتوزیعها  - ٢ ٕ معالجة الزیادة المطلوبة في مجاالت االستخدام السكني والكفایة الصناعیة وا
لتوزیع المراكز التجاریة وانتاج نمط جدید للمراتب التجاریة واإلعمال المرتبطة ووضع صورة أفضل 

بها ،وحسن توزیع المناطق الخضراء والفضاءات المخصصة للتسلیة ،وینسب األمر كذلك على 
  .تطویر الخدمات االجتماعیة المختلفة وضمان حسن توزیعها بصیغة متكاملة ومتوازنة

عادة النظر في سیاسة رفع الكثافة السكانیة للم - ٣ ٕ دینة في بعض أنحائها تجنبا للنمو العشوائي الواسع وا
من السكان  %٢٠اإلسكان واألخذ بمبدأ الكثافة السكانیة وزیادة السكن العمودي بحیث یستوعب 

 وتحدید مواقع السكن ضمن الهیكل العمراني للمدینة.

ة الحفاظ على مخططاته ودقة تنفیذها ،إال وبالرغم من أهمیة التصمیم لمدینة هي بحاجة ألیه ، وضرور 
إن تغیرات عشوائیة كبیرة مخالفة لروح التصمیم قامت بها أمانة بغداد وطالت مختلف مناطق المدینة 

 یمكن حصرها باالتي:

 على مستوى إحیاء المدینة  -أ

ة ، جنینة وغزالیة الترفیهیة إلى استعماالت سكنیة في األحیاء اآلتیة:العامریتغیر استعماالت األرض  -١
، مقاطعة الخر ،بزایز الصلیخ ،بزایز الثعالبة ،الداودي ،البو شجاع ،ابو المعالف ،البتاویین 

  ،السالم،كرادة مریم ،العطیفیة.

تغیر الحدائق و المنتزهات إلى مدارس في كل من اإلحیاء :الوزیریة ،بزایز الثعالبة ،الصلیخ   -٢
 ،السالم ،النعیریة والكیارة.

تحویل المناطق الخضراء إلى استعماالت حكومیة عامة كما في أحیاء ،العامریة ،بزایز الثعالبة  -٣
 ،الصلیخ ومنطقة السكك في الشالجیة.

تحویل الحدائق إلى مواقف للسیارات والى شوارع للمشاة وللسیارات في كل من أحیاء :العامریة   -٤
 یین. والضباط (مقاطعة الخر) وشارع المشجر في البتاو 

تغیر استعماالت األرض التعلیمیة إلى سكنیة كما في أحیاء :الثورة ،الشعب ،النور ،أور ،وبالتالي  -٥
 حصول نقص في عدد المدارس  في هذه المناطق.

The Fourth Jordan International Conference and Exhibition for Roads and Transport 
“High Priority Issues in the Future Transport Sector”, March 2014 

232



تغیر المناطق المقررة كأسواق ضمن المناطق السكنیة إلى استعماالت سكنیة في أحیاء : الخضراء  -٦
،بسبب أطالق األسواق على الشوارع الرئیسة وعدم الحاجة لها كما جاء في  ،العامریة،كرادة مریم، زیونة 

 قرار مجلس أمانة بغداد.

تحویل العمارات السكنیة إلى فنادق في مركز المدینة وتحویل المناطق التجاریة وأالعمال إلى  -٧
قامة جوامع على مناطق استعماالت أخرى ،وتحویل األسواق إلى استعماالت حكومیة في الدورة  ٕ ،وا

مخصصة لألسواق وللسكن في الداودي والعامریة والكرادة ،وتحویل الدور السكنیة إلى محالت تجاریة 
 وورش صغیرة لمختلف اإلعمال في المناطق القدیمة والمركزیة من مدینة بغداد .

االجتماعیة وقطاع الخدمات هذا مع أن التصمیم األساسي للشركة البولونیة أكد على تحسین الخدمات      
بشكل عام لتوفیر فرص العمل للسكان و خصوصا داخل المناطق للتقلیل من رحالت العمل الیومیة من جهة 
ولخدمتهم من جهة أخرى .وتدخل التجارة واإلعمال ضمن قطاع الخدمات من حیث توفیرها الخدمات 

یواجه الطلب لنمو فعالیات التجارة واإلعمال ،على التجاریة .فقد تم اقتراح توفیر مساحة كافیة من التصمیم ل
أن تكون المؤسسات الجدیدة كبیرة كالسوبر ماركت والمخازن التجاریة واألسواق الكبیرة المخصصة لالستعمال 
التجاري ،ویسري هذا التوجه على بقیة الخدمات االجتماعیة كالمرافق الثقافیة والخدمات الصحیة والتعلیمیة 

د واإلطفاء والمنتجات النفطیة والخدمات اإلداریة ،و هذا ما یساعد على تقلیل الرحالت المتعلقة وخدمات البری
  بالعمل و التسوق الیومي ولو بشكل نسبي ،بسبب توفر فرص العمل القریبة والخدمات المختلفة القریبة

  على مستوى شوارع المدینة  - ب

ستعماالت األرض السكنیة إلى استعماالت تجاریة تمت في شوارع مدینة بغداد تغیرات شاملة في ا    
وسیاحیة ومكاتب أعمال .وبدء التفكیر في مثل هذه التغیرات من قبل األمانة عندما قام أصحاب األمالك 
قامة عمارة  ٕ الواقعة على جانبي الشوارع بتحویل دورهم السكنیة إلى استعماالت تجاریة ومكاتب أو بیعها وا

دون الحصول على موافقة مسبقة من األمانة ،متجاوزین بذلك على االستعمال تشغل هذه االستعماالت 
یة فرز القطع السكنیة وبعد أن صدر القرار الخاص في إمكان،الحقیقي لهذه األمالك وفقا للتصمیم األساسي 

م متر مربع والذي بموجبه زادت الكثافة السكانیة ضمن مدینة بغداد ،بحجة قلة األسواق وعد١٢٠بمساحة 
تشیید المناطق المخصصة لألسواق ،والحاجة الیها في مختلف مناطق المدینة تم إطالق األسواق الرئیسة 

  والثانویة في المدینة .
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  ...أما اآلثار التي ترتبت على هذه التغیرات یمكن إجمالها باالتي

سیطرة أصبح من الصعوبة بمكان السیطرة على عملیة تنفیذ خطط استعماالت األرض بأسالیب ال - ١
واإلفراز ومالحق البناء واإلسكان وأنظمة أرشاد وتوجیه خطط استعماالت األرض التي أوصى بها 

  التصمیم األساسي .
ترتب على التغیرات مشاكل مروریة تمثلت باجتذاب شدید لحركة المرور نحو االستعماالت الجدیدة  - ٢

لمرور والمشاة فضال عن ،وما یتولد عنه من ازدحام مروري وحوادث دهس وتداخل بین حركة ا
 الضجیج والتلوث الناتج عن الكثافة المروریة .

عد بین تخطیط استعماالت األرض وتخطیط النقل من  - ٣ ّ أدت التغیرات العشوائیة إلى أرباك النسق الم
جهة والتخطیط البیئي من جهة أخرى ،وكذلك إجهاض عملیة تخطیط النقل التي ترتب علیها تولد 

 ات أو تخصیصها على شبكة الشوارع وتوزیعها على أنماط النقل .الرحالت بین القطاع

تجدر اإلشارة إلى انه باإلمكان تجاوز هذه اآلثار في حال تطویر األسواق ضمن القطاعات السكنیة     
،خصوصا وان  ومراكز اإلحیاء السكنیة ،لكون اغلب الناس یفضلون التسوق منها لسهولة الوصول الیها

ول نحو المراكز التسویقیة (التوجه في معظم  ) ضمن الحي والقطاع Shopping Centersدول العالم تحّ
  السكني ومركز المدینة ،إلى جانب إقامة المراكز التسویقیة اإلقلیمیة  .

ومع ما تضمنه التصمیم األساسي  من شمولیة ومطاطیة في استیعاب ومعالجة ما یطرأ من مشاكل    
ه ومسح األراضي الفارغة التي یمكن استخدامها للتطویر الحضري ،أكدت في وتطورات أثناء التنفیذ وبعد

من قبل االستشاریین  سكوت ویلسون كیر كباتریك  المعدة الوقت ذاته الدراسة الشاملة للنقل في مدینة بغداد
على حقیقة الترابط العضوي بین الفعالیات البشریة والحركة التي تنجم عنها  ١٩٨٣وشركاءهم عام 

،والفعالیات البشریة هذه تتمثل بحجم وكثافة استعماالت األرض في المدینة ومستوى الخواص االجتماعیة 
دراسة في ذلك على تغیرات أساسیة تمثلت بالسكان والقوى العاملة ومستوى واالقتصادیة للسكان واستندت ال

 الدخل وملكیة السیارة. 

  .استراتیجیات التخطیط المستدام الستعماالت األراضي والنقل في مدینة بغداد 

ویضم تخطیط استعمال األرض المستدام التوجهات التي تمثل بعدي تخطیط استعمال األرض (التخطیط 
  ئي والمخططات) واالستدامة (االستدامة البیئیة واالقتصادیة االجتماعیة).الفیزیا
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وكما عرفنا في كون االستدامة هي لتحقیق حمایة المصادر الطبیعیة على المدى الطویل واالستخدام    
األمثل لها وهي (االستدامة البیئیة)، إضافة لالستدامة االقتصادیة االجتماعیة بأن توافق احتیاجات 

وهنا البد أن ندرك أن انشاء طریق ال یمكن أن یكون هدفا بحد ذاته والمستقبلیة، موحات األجیال الحالیةوط
فالطرق تنشأ لخدمة حركة السیر والمواصالت والتي هي مستمدة من استعمال األرض المحلیة سواء من 

كة الطرق كشكل ومن خالل هذا فإن تخطیط شب، حیث الموقع أو نوع النشاط الذي تعمل على خدمته
الستعمال األرض، یعتمد بشكل قوي على استعماالت األرض األخرى والتي تحدد الكثافة المرغوبة للشبكة 
والسعة والقدرة االستیعابیة ألطراف الشوارع والمناطق المحاذیة للشبكة من أرصفة وغیرها و كذلك نوع الحركة 

  على الطرق.

الطرق تعتمد على أن یتم رصف الطرق الترابیة الموجودة وغیر  ولقد كانت الطریقة التقلیدیة لتخطیط   
المرصوفة فیما كانت تلك الموجودة والمرصوفة توسع أو حتى یعاد بناؤها لتحسین استیعابیة الطرق و من ثم 

هذه الطریقة في التخطیط "تتبع ، سهولة الوصول للمناطق المختلفة إلى جانب فتح طرق جدیدة مرصوفة
  وهي تعتمد على ربط الشوارع ولیس على الشبكة المحلیة أو اإلقلیمیة.  حركة السیر".

والعدید من الطرق الصغیرة تحصل على مقاییس ، تضیعما  وكنتیجة فان الهیكلیة في هذه الشبكة غالبا    
  تقنیة عالیة بحیث تصبح منافسة للشوارع الرئیسة.

ل المتعلقة بالمرور من خالل اعتماد أدارة المرور في في التخطیط فیهتم بحل المشاك اما االسلوب االمثل   
الطرق الحضریة بمستویاتها المختلفة و تنظیم استعماالت االرض و ادارتها بحیث یقل الطلب على الرحالت 
االلیة بشكل عام و رحالت المركبات الخاصة بالذات ،و كذلك من خالل مراعاة العالقات بین الطرق 

لیة وطرق وصولها) والطرق الرئیسة (الطرق السریعة والطرق الحرة السریعة) في الصغیرة (التجمعات المح
وللحصول على نظام مرور فعال وآمن ال بد من عمل تصنیف وظیفي لشبكة الطرق یعتمد على  الشبكة 

جرد ومسح للوضع الحالي یشمل كل من الوظیفة، أحجام المرور، السرعات، حوادث المرور ، قدرة الطرق 
اإلقلیمیة والتغیرات المحتملة في  النقلعابیة المقبولة، الشكل الهندسي، مع أخذ كل من مخططات االستی

  بالحسبان. الرحالتاستعماالت األرض وأحجام 
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  االستنتاجات والتوصیات . 

  االستنتاجات 

ي .١ ریة وھ ع االرض الحض رة م ل مباش ي تتعام دوائر الت ة ال ریة وخاص ي االدارة الحض ؤ ف اك تلك ھن
تعماالت االرض الحضریة  ة اس ذ ومتابع ال التخطیط والتنفی ي مج ي ف دیات والتخطیط العمران ر البل دوائ

 والتصرفات العقاریة علیھا.
  توسیع التصامیم االساسیة للمدن لم یكن مبنیا على اساس تخطیطي سلیم یأخذ بنظر االعتبار حجم .٢

  جنسھا وطبیعة استثمارھا ومع عدم السكان ونسبة النمو ومحددات التوسع وأصناف االراضي و
  وضوح في تصور الحاجة الحقیقیة  للتوسع لألغراض السكن ومع غلبة القرار السیاسي على الرأي

ي  التخطیطي وإخراج مساحات واسعة من االراضي من ملكیة البلدیة وتحولت الى قطع اراضي سكنیة ف
  التحتیة.و الفوقیةمناطق ال تتوفر فیھا اي نوع من الخدمات والبنى 

دة٣ ریة مقی أة  االرض الحض عاتھا  وتھی ل توس ا جع دن مم و الم تقبلیة لنم رة المس ي النظ ور ف           . ا لقص
  بمحددات وانتشار العشوائیات بالرغم من ان المشرع قد وضع بید المؤسسة التخطیطیة

  واإلدارة الحضریة قانون حدود التصحیح للسیطرة على البناء وتصحیح صنف االرض في محیط 
  المدن  وللمسافات التي حددھا القانون المذكور. 

  . عدم االھتمام بمستوى الخدمات  واعطائھا الدورھا مقارنتا بمقدارالنمو السكاني والعمراني للمدینة ٤
یح . عدم تفعیل دور النقل العام  واال٥ ي تت ل الت وفیر وسائل النق دوره .بت ة ب ة الجماھیری ھتمام بھ والتوعی

  .ھذا االستخدام 
ات ٦ ق متطلب ل مستدام یحق . ان االھتمام بالنقل یكون اما بتوسعة الطرق او صیانتھا وال یوجد تخطیط نق

  المجتمع  وسد حاجتة من الخدمات . 
  التوصیات  

ریة (.١ ألدارة الحض توى االداء ل ع مس ن ادارة االرض رف ؤولة ع ي) المس یط العمران دیات ،التخط البل
ة  ي تأدی ة) ف ات الجغرافی م المعلوم وب ونظ تخدام الحاس ة (اس م االدارة الحدیث تخدام نظ ریة ،واس الحض
ن  اذ م ل للنف ورد قاب وم ان االرض م ق مفھ ع االرض وف ل م ة وان تتعام ة والفنی ام االداری ف المھ مختل

ا خالل تغییر جنسھا واستثمار ة لھ ق الحاجة الفعلی تم تخصیصھا وف ا وان ی ب المحافظة علیھ ھا مما یتطل
 ومتابعة التصرفات العقاریة لتحقیق االستثمار الصحیح لھا.

ة .٢ ة المختلف ة و الخصائص العام توفیر البیانات الكافیة و المعلومات التفصیلیة بالنسبة للحجوم المروری
رائط  ل خ رحالت مث ي ال ؤثرة ف ادیة الم ة االقتص ائص االجتماعی یلیة و الخص تعماالت األرض التفص اس

ي  ة ف ات الھام روریة و المتطلب ور الض ن االم ة ، م رات المھم ات و المؤش ن البیان ا م كان و غیرھ للس
  عملیة ادارة و تحسین النقل و المرور في المدینة

ة.٣ ود موافق تعماالت االرض اال بوج ر اس اوزات  وتغیی ة التج یم عملی ات  تنظ ل الجھ ن قب میة م رس
ي الحاجة  ا یلب اطق مم بعض المن المختصة التي تتم من خالل اعادة تصمیم تفاصیل استعماالت االرض ل

 الفعلیة للسكان وینظم فعالیاتھم
  التقلیل من المسافات (لزیادة اإلنتاج المحلي لیلبي االحتیاجات المحلیة، التوظیف المحلي للمھارات.٤    

ة وتقل     ة المحلی ة مختلط ة تنموی اع سیاس ل، إتب ت والعم ین البی افة ب ل المس  Mixed Land Useی
غیرة  دات الص ي البل ة ف ادة التنمی الت العمل وزی ب رح رة لتجن ف الكبی ز التوظی ي مراك ادة السكن ف وزی

  . لتقلیل االعتماد على المدن الكبیرة إلى جانب إیجاد مجتمعات جدیدة متوازنة)
یط الن٥ ام بتخط وین . االھتم وذج لتك ا كنم دول واتخاذھ دى ال امیم ل ن التص تفادة م تدام واالس ل المس ق

  مخططات مثیلة بھا لمعالجة المشاكل القائمة او التي ستحدث مستقبال" . 
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