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ABSTRACT

In recent days, limited efforts were applied to improve highway safetyin
Pa[es'tinian cities. Establishing highway safety programs is essential to
achieve this purpose. The main component in such programs is planning. Thé
main process in the planning component is the collection of accident data to
form the accident database. Then, the analysis of such database will identify
the hazardous locations. Effective countermeasures should then be applied at
these hazardous locations. These countermeasures should eliminate or
minimize the hazards of these accidents. Therefore, the application of such

highway safety program will result in safety improvements.

The police accident report form is the most important source to create the
accident database. A new comprehensivé police acéident report was
designed in this study. A new computer program “Accident” based on
Microsoft Access Software was also developed in this study. This program is
designed for a computerized data recording and filing. ltis user friendly. It

also provides options for data retrieval and analysis.

In this study, the outline of the proposed safety program for Palestinian cities

was discussed. Accident data in this study were based upon accident records
of years 1997 and 1998 for the Nablus City. Threshold values for identifying

hazardous locations were established based on these data.
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According to the established threshold values, Al-Hesba Intersection was one
of the most hazardous locations in Nablus City. A detailed study was
conducted for this intersection. Proper countermeasures were specified at this
intersection such as retime signal, police enforcement, and repainting all

pavement markings.

The results of this research showed that Palestinian _cities are in dire need for
the implementation of such a program. Therefore, developing the highway

traffic safety program in Palestine is recommended.
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CHAPTER 1

INTRODUCTION

1.1 Background

“Road accidents” are a global problem that may be caused by human factors,
vehicle factors, roadway design and traffic, and environmental conditions.
Most traffic accidents are the result of careless or hazardous behavior of
drivers or pedestrians. The probability of accident occurrence and the severity
of accidents can often be reduced by developing and implementing a highway
safety program and the application of proper traffic and roadway design

standards.

547648

1.1.1 Definition of Accidents

It was reported by United Kingdom Accident Investigation Manual, 1986, that
an accident is a rare, random, multifactor event, preceded by a situation in
which one or more persons failed- to cope with their environment. Inthe
aggregate; however, traffic accidents are numerous and often follow certain

pattems that can be identified.

Accidents reflect a shortcoming or failure in one or more components of the
driver-vehicle-roadway system. it is; therefore, important for engineers having
responsibility for the design and operation of streets and highways to monitor

traffic accident experience and to use this information in the planning,
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implementation, and evaluation of corrective action (Homburger, Hall, and

Loutzenheiser, 1996).

1.1.2 Accident statistics in Palestine
A report published in 1999 by the Palestinian Central Bureau Statistics
(PCBS) indicated that the number of roadway accidents in the Palestinian

Territories was 7,640 in 1997, of which 1,695 accidents caused tangible

losses. -

In 1998, a total of 5,945 fatal or injury accidents were reported. Section 2.1

includes more information on accident statistics.

These accidents represent economic and human losses in Palestine. So, it is
worthy to focus more attention on the causes of these accidents, and how to

minimize or eliminate them.

1.1.3 Cause of Accidents

Road accidents are attributed to three major factors. These factors are human

error, roadway conditions, and vehicle conditions.

A. Human Error

Human factors contributing to roadway accidents include:
o High speed
» Improper overtaking

e Improper turning
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e Improper stopping

e Reckless driving (carelessness)

o Driving under influence of alcohol

e Improper crossing of streets by pedestrian

e Lack of roadway maintenance

« Lack of maintenance of traffic control devices
e drivers Inexperience

e Drivers fatigue

o Spirit of adventure of adult drivers

B. Roadway Conditions
Roadway conditions contributing to roadway accidents include the foliowing:
¢ Inadequate capacity
o Inadequate an improper traffic control devices
e Fixed objects, inadequate clear zone, and improper roadway alignment
and or other geometric features
. Inadequate storm drain system for most streets

e Poorroad maintenance

C. Vehicle conditions

Vehicle conditions contributing to traffic accidents include:
o Mechanical failures
e Excessive load on a vehicle especially for heavy vehicles

e Poor maintenance of vehicles
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In addition to these factors, there are several contributing factors, which
include

o Weather conditions.

o Time of day.

« Insufficient education for both drivers and pedestrians.

1.2 Goals, Objectives, and Activities

The main goal of this project is to develop a general outline for traffic safety
program in Palestine. The proposed program consists of projects,
countermeasures, and activities to achieve a common highway safety goal. A
program may be applied to numeroué locations and may include several types
of countermeasures, which serve the same purpose. This research proposes
a program of fraffic safety to improve traffic safety conditions in Palestine.
This. research creates the basic outline for the proposed traffic safety
program. Furthermore, this research also focused on the planning
components of the proposed program. Some obstacles are expected to affect
the application of this program. Some of these obstacles are mentioned in

section 1.3.

The méin goal can be achievéd through the following activities:

« Develop a computerized systematic approach for data collection

o Effective analysis of data

« Effective remedial action for hazardous locations

« FEvaluation of mutually exclusive remedial actions (countermeasures) at

hazardous locations

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



1.3 Developing A Traffic Safety Program in Palestine

' 1.3.1 Background

The Palestinian National Authority (PNA) resumed its control over some parts
of Palestine in 1993. Traffic accident data were collected by the Israeli
government up to 1985. There is no systematic approach that deals with
improving the safety program in Palestine. This is due to several reasons
including:

1. Political reasons

2. Improper allocation of budget

3. Ineffective usage of specialized and qualified people

4. Lack of institutional infrastructure to deal with traffic problems

1.3.2 Existing Accident Recording System
Based on several visits to the Police Center in Nablus City, the existing

reporting system that deals with accidents can be summarized as follows:

A. Court Report
This report includes somewhat comprehensive information including the time
and location of the accident, w_eather and road conditions. Other information

includes driver, damages, and injuries or fatalities. However, key information

for traffic engineering purposes is lacking in this report. Figure A-1 in

Appendix A illustrates the court report
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The accident case is then sent to court and this report is used in the following

cases.

In case of vehicles-pedestrian accidents, and the injured did not give up
their rights.

In case of deaths.

In case of collision between two vehicles and there was no compromise

between the involved parties, and this accident contains injuries or deaths.

B. Closed Report
This report has the same information as the court report presented in Figure
A-1 shown in Appendix A. When the two parties involved in an accident reach

a compromise, this report is kept in the police office and is not sent to court.

C. Property Damage Only Report

This report is filled in cases of property damages where no compromise
between the involved parties is reached. The report is presented in Figure A-2
in Appendix A and is filled by a police expert. This reportis sent to court

without the need to provide an accident diagram.

D. Public Damage Report
This report is filled in the following cases (as examples):
a. The vehicle door closed on the hand of an occupant.

b. Fixed object accidents.
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1.4 Study Area

Palestine is a typical developing country located in a central location in the

Middle East. Its significance is represented by its geographic location.

This research proposes a traffic safety program for Palestine in general and
for Nablus City in particular. Furthermore, Al-Hesba Intersection in Nablus
City was identified as one of the most dangerous intersections in the city. This

intersection was used as a case study for purposes of this research.

1.5 Report Outline

This report contains ten chapters, in which Chapter 1 is the introduction to this
report, while Chapter 2 is the literature review. Chapter 3 is the methodology
| of this research. Chapter 4 discusses the importahce of accident database to
determine the patterns of accidents and their causes. Chapter 5 illustrates the
criteria used to determine hazardous locations. Chapter 6 deals with the
effective countermeasures at specified hazardous locations and relevant
engineering  studies. The techniques used for ranking the proposed
countermeasures are discussed in Chapter 7. Chapter 8 discusses the
. evaluation of applied countermeasures after their implementation, and
focuses on before-after studies. The proposed action plan for the traffic safety
program in Palestine is illustrated in Chapter 9. Chapter 10 focuses on a case
study at Al-Hesba Intersection. Finally, Chapter 11 provides conclusions and

recommendations of this study.
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CHAPTER 2

LITERATURE REVIEW

The Royal Society for the Prevention of Accidents, 1998, reported an article
titted “A first time for every thing.” The article reported that on August 17t
1896, a 44 year old Bridget Driscoll wés knocked down and killed by a car on a
terrace in the grounds of the Crystal Palace in London. The first fatal road
accident recorded in Britain, involving the driver and passengers of a motor
car, occurred on the 23 February 1899. While aftempting to turn a corner at a
speed of over 25 miles per hour (mph) the car's wheels collapsed. The
occupants were thrown out and the driver and front seat passenger were killed.
Newspapers of the day hoped that this terrible accident would convince drivers

to take greater care and keep their speed down.
The cost of road accidents in Britain in 1997 was estimated at £28,000 per
minute; this included hospital costs, property damage, police and insurance

costs, lost productivity, and a national sum for pain, grief and suffering.

2.1 International Statistics

2.1.1 In the United States of America (USA)
Homburger, Hall, Loutzenheiser, and Reilly, 1996, reported the following traffic

accidént statistics in the USA.
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1. Fatalities. Following a low of 24,000 fatalities per year during the Second

World War, highway fatalities in the United States rose almost continuously
to a peak of 54,600 in 1972. The dramatic drop of 9,000 fatalities in 1974
was primarily attributable to the energy crises, which resulted in the
imposition of the 90-kilometer per hour (km/h) national speed limit. Other
factors, including a reduction in travel, improved vehicle safety features and
the results of a continuing effort to remove physical hazards from the

roadside, and also contributed to this reduction.

Qver the past two decades, annual fatalities have fluctuated between
39,200 and 51,100; there where 40,700 in 1994. The travel-based fatality
rate decreased steadily over the past 65 years; in 1994, it was 1.1 fatality
per 1,000,000 vehicle-kilometer (veh-km). In 1994, the National Highway
Traffic Safety Administration (NHTSA) reported a fatality rate of 23.2
fatalities per 100,000 licensed drivers and 21.1 fatalities per 100,000

registered vehicles.

In 1894, multivehicle collisions accounted for 17,600 fatalities, single vehicle
crashes resulted in 16,000 fatalities, and impacts with pedestrian caused
5,600 fatalities. The remaining 1,500 fatalities occurred in collision with

railroad train, bicycles, and animals.
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2. Injuries. An estimated 3.21 million persons were injured in motor vehicle
crashes in 1994. Nearly 14 percent of these injuries were incapacitating

while the remainder was less serious.

3. Total Accidents. Because the definition of a portable accident and the level
of accident reporting vary among jurisdictions, the total number of traffic
accidents in the U.S.A is unknown. NHTSA estimated that 11.39 million

drivers were involved in 6.49 million police reported crashes in 1994.

2.1.2 In Britain

The Royal Society for the Prevention of Accidents reported that in 1901 there

were 101,000 motor vehicles in Britain, and in 1997 there were approximately
- 97 millions. Over the same period, fatal road accidents increased from 1,070 to

around 3,600 (Internet Web Site www.rospa.couk/rsfacts.htm, 1998). The number of

fatal road accidents did not increase as much as the number of motor vehicles
for a variety of reasons. In 1909, motor vehicles were not very common, but as
they grew more common, people became used to them and the dangers they
pose. Road safety education, training, and publicity were introduced to help
people cope with those dangers. The design and construction of motor
vehicles have been improved immensely so that brakes, for instance, are far

more effective.

Over the years, laws have been introduced to combat specific problems. For

example, because so many front seat occupants received terrible injuries in
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car crashes, it became compulsory to wear a seat belt in the front seat of the

car.

2.1.3 Palestinian Statistics

1. Accidents between 1968 and 1996

The availability of accident statistics was obtained from the Israeli Statistics
Center for the period between 1968 and 1996. From 1996 to present, the
Palestinian National Authority (PNA) maintains accident statistics in the

Palestine territories.

The number of accidents increased from 704 accidents in 1968 to 1,448
accidents in 1987. The fatal accidents also increased from 76 in 1968 to 169
fatal accidents in 1987. Injury accidents increased from 184 in 1868 to 710 in
1987. The summary of these statistics is shown in Table 2-1 (Palestinian

Central Bureau of Statistics (PCBS), 1988).

Table 2-1; Statistics for the Years 1968 and 1987

Source: Palestinian Central Bureau of Statistics (PCBS), 1598

The number of collision accidents was 232 in 1971, while the number of

pedestrian related accidents was 581. The number of collision accidents was

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



12

726, while the number of pedestrian related accidents was 692 in 1892, as

shown in Table 2-2.

Table 2-2: Collision and Pedestrian Related Accidents (1971 and 1992)

Source: (PCBS), 1998

The number of injuries was 1,149 in 1968. This number increased to 8,327 in
1996. This increment may be attributed to the increase in both numbers of

vehicles and habitants (PCBS, 1998).

The pedestrian related accidents were decreased from 1971 to 1992, which is
unlogical result. This may be attributed to the political reasons through Al-

Intifada in Palestinian cities

2. Road Traffic Accidents in Palestine, 1998

The number of road traffic accidents in the Palestinian territor‘ies amounted to
7,640, of which 5,607 in the West Bank and 2,033 in Gaza Strip. In the same
year, 1,695 accident brought about tangible losses. The number of road traffic
accidents that caused fatality and injury in the Palestinian territories amounted
fo 5,945 accidents in 1998, of which 4,143 in the West Bank and 1,802 in

Gaza Strip. The number of casualties resulted from those accidents reached
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8,806 (6,492 in the West Bank and 2,314 in Gaza Strip). The classification of

accidents by severity is shown in the following table:

Severity Number of accidents
Slightly injured 5,613

Seriously injured 639

Fatalities 198

The slightly injured of 5,513 (4,671 in the West Bark and 1,121 in Gaza Strip),
639 seriously injured (375 in the West Bank and 264 in Gaza Strip), and 198
fatalities (112 in the West Bank and 86 in Gaza Strip). However, the number of
fatalities was 180 in 1997 (PCBS, 1999). The increased fatality accidents can

be contributed to the increment of traffic volume.

2.2 Accident Studies

The high accident rate on United State’s highways resulted in a considerable
toss of human and econormic resoufces. It was estimated that the United
States loses over $10 billion every year as a result of motor vehicle accidents
{Garber and Hoel, 1996). Traffic and highway engineers are; therefore,
continually engaged in the design and operation of traffic control devices on
the nation's highway, with the aim of reducing the high accident rate. This
effort also involves the redesigning and reconstruction of specific highways,
which have high potential for accidents. To evaluate the success or failure of

these efforts in reducing accident, data on the frequency and severity of
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accidents are needed. The need of adequate accident data and the necessity
to reduce the high accident rate have led to emphasis on highway safety

programs.

During the late 1960s and early 1970s, the Federal Highway Administration
(FHWA) took several legislative actions that led to a significant growth in
research on highway safety. For example, in the mid-sixties, the FHWA
introduced the Spot Improvement Program, which attempted to identify
highway locations with high accident potentials. The program also provided
funds for the improvement of these locations. Also in the mid-sixties, the
Highway Safety Act was passed by congress. This act set the requirements for
states to develop and maintain a safety program through the Highway Safety

Standards.

The maintenance of such a program was assisted by the publication of the
yellow book by the American Association of State Highway and Transportation
Officials (AASHTO), which was subsequently revised. These publications
described safety design practices and polices. Funds were made available by
the USA federal government to support the efforts of state and local
government in the application of new procedures in highway safety programs.
The objectives of these procedures included the development of better
methodalogies for the collection, analysis, and evaluation of accident data.
This led to the publication of Highway Safety Improvement Program (HSIP),

which was superseded by Highway safety Improvement Program Manual in
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the late seventies. This manual advocates that each state should develop and

implement on a continuing basis, a HSIP, which has the overall objective of

reducing the number and severity of accidents and decreasing the potential for

accidents an all highway. The HSIP consists of the planning component, the
implementation compenent, and the evaluation component. Each of these
components consists of one or more processes as shown in Figure 2-1. The

tasks involved in each of these processes are discussed below.

2.3 Planning Component of the Highway Safety Improvement Program

The planning component of the program consists of four processes as shown
in Figure 2-1. These are:

1. Collecting and maintaining data

2. Identifying hazardous locations and elements

3. Conducting engineering studies

4. Establishing project priorities

The information obtained under the planning component serves as input fo the
other components, and results obtained from the evaluation component may

also serve as input to the planning component,
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Processt:
Planming Coflect and maintain

Component data

v

Process 2:
tdentify hazardous locations end
elements

v

Process 3t
Conduct engineering sfudles

v

Process 4:
Establish project priarities

A 4

A 2
Process 1:
Implementation Schedule and implement safety
Component improvement projects
Process 1:
. Determine the eifect of highway
Evafuation safety improvement
Component

Figure 2-1: Highway Safety Improvement Program at the Process Level

Source; Redrawn from Highway Safety Engineering Studies Procedural Guide, U. S,
Department of Transportation. Washington, D.C., June 1981.
(Obtained from Garber and Hoel, 1996)
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2.3.1. Collecting and Maintaining Data

Accident data are usually obtained from state and local transportation and
police agencies. The police on an "accident report form” usually records all
information ona reportéd accident. The type of accident form used differs frem
state to state, country to country, and, sometimes, city to city. But a typical
completed accident form will include information on the location of the
accident, the time of occurrence, roadway and environmental conditions at
time of accident, type and number of vehicles involved, a sketch showing the
original paths of the maneuver of the vehicles involved, and the severity of the
accident (fatal, injury, or property damage only). Figure B-2 in Appendix B
shows the Virginia accident report form (Garber and Hoel, 1996), which was

completed by the police officer investigating the accident.

Information on minor accidents that do not involve police investigation may be
obtained from routine reports that are given at the police stations by the drivers
involved as is required in some states. In the USA, drivers involved in
accidents are also sometimes required to complete accident report forms, even

though the police investigate the accident (Garber and Hoel, 1996).

Figure 2-2 illustrates a typical accident form to be filled by the motorist. The
questions are simple and straightforward and are asked in terms that most
motorists can easily interpret and answer. Police accident forms are more
detailed and call for more interpretation as to the likely contributing causes of

the accident. Central to any accident form is a diagram schematically
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fllustrating the accident. While these are often poorly done, they are principal

source of information for the traffic engineer in the study of individual accident

locations.

In many countries, police accident forms are generally sent and stored in three

different locations (McShane, Roess, Prassas, 1998):

1. A copy of each form goes to the lacal motor vehicle bureau for entry into

the computer accident data system.

2. A copy of the form is sent to the central filling location for the municipality or

district in which the accident occurred.

3. A copy of the form is retained by the officer in his or her precinct as a

reference for possible court testimony.

The pofice office has to provide clear and accurate data on the police accident
report form. The information must be provided in such a way that the person

coding the information can locate it on a map or a road network.
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A number of authorities are now beginning to include their accident data
using a Geographic Information System (GIS) or digital mapping system
(McGuigan, McBride, and Ryall, 1994; O'Day, 1993)7 This enables accident
data to be incorporated within a relational data base, allowing accident sites
to be overlaid on plans showing other geographic information, such as

highway features, traffic flows, intersection layouts, land uses, etc.

Similar efforts were done through a masters thesis at An-Najah National
University, Nablus City, Palestine (Kobari, 2000). In this thesis, a (GIS)-
oriented database using TransCAD software was developed as a tool not
only to identify the accident's !océtion, but also to improve quantitative

accident data analyses.

Central accident files are generally kept current for a period of one year.
Records should be kept for a 12-month rotating peried (McShane, Roess,
Prassas, 1998). As each month begins, the records for the same month in
the previous year are removed. This system requires more man power to
maintain but assures that at least 11 months of accident records are readily

available at all times.

A common approach to retaining records for a longer period of time is to
prepare summary sheets of each year's accident records. These may be
kept indefinitely, while the individua! accident forms are discarded after

three to five years. Table 2-3 illustrates such a summary sheet, on which all
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of the years accidents at one location can be reduced to a single coded
sheet. The form retains the basic type of accident, the number and types of
vehicles involved, their cardinal direction, weather and roadway conditions,

and the number of injuries and/or fatalities.

On this summery sheet, codes are usually used to describe accident types

(for example, RA for right angle accidents).

The manual technique is suitable for areas where the total number of
accidents is less than 500 a year, although it may be used when the total
number of accident is between 500 and 1,000 annually. This technique;
however, becomes time consuming and inefficient when accidents total
more than 1,000 a yeaf (Garber and Hoel, 1996). At such time, a

computerized system should be used.

2.2 2. Identifying Hazardous Locations

Since accidents are rare and random, traffic safety analysis should be
based on several years of data. Separate analysis are normatly conducted
for spot locations and extended sections of road, for urban and rural
roadways, or for other conditions that could lead to different accident

experience. The following techniques may be used:
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Spot Maps

A spot map method has been one of the earliest methods for identifying
hazardous locations. This method is a simple and effective way to
determine -hazardous locations. A spot map can be marking the location of
each relevant accident on a map. The accumulation of marks at specific
location indicates that this location is hazardous (Homburger, Hall,

Loutzenheiser, and Reilly, 1998).

Spot maps (also calted pin maps) are often used by police and other public
agencies to provide a quick visual picture of accident concentration. A street
map of the city area is needed and the location of each accident is identified
through “spot” marks or pins. Some of these pins are colored to indicate the
fatality of accident. It is usually updated on a reéular (daily, weekly, or
bimonthly) basis for the entire year or analysis period. The cluster of “dots”
shows the concentration of accident locations throughout the city. Simple
manual plotting of accidents may be desirable for small cities with few high-
accident locations. Accidents can usually be placed fairly accurately.

However, this method may become quite involved and time consuming for

- larger cities with thousands of accidents each year.

Spot maps are generally kept for one calendar year. At the end of the year,
the map is photographed, and a new map is started. Special spot maps can
also be kept for specific accident classes, such as pedestrian accidents,

single vehicle accidents, drinking driver accidents, etc.
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As reported by Kobari, 2000, the GIS-based system easily allows spot
maps of large areas or with large number of accidents to be updated and
displayed on a monitor or plotted on a map. Analysts can use different
colors and sizes of graphical symbols to represent different types or severity
of accidents or to represent “multipliers” of accidents. Spot maps are very
useful for specialized situations such as pedestrian accidents or parked-car

accidents.

Number of Accidents
The simplest method for rating the safety of a group of similar locations

(e.g., urban unsignalized intersections) is fo determine which have the

highest accident frequency. Some jurisdictions use this technique to prepare |

a list of the “Twenty Highest Accident Intersections.” The failure to include

some measure of exposure is the major shortcoming of this technique.

The locations, which have the highest number of accidents, are called the
hazardous locations. The number of accidents in a given period will be
exceeding some set leve!l. This takes no account of exposure. The simplest
method for rating the safety of group of similar locations is to determine
which have the highest accident frequency (Homburger, Hall,

Loutzenheizer, and Reilly, 1996).

AII Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



25

3. Accident Rates
If reliable traffic volume data are available, accident rates provide a superior
tool for identifying hazardous locations. On a section of a road with length L
(km) and average daily traffic (ADT) of v vehicles which experienced A
accidents in a 3-year period, the accident rate R (per million.veh.kmy) is given

by:
R=Ax1,000,000/(3x365xL xv)

At an intersection or similar spot location with a total entering volume of Vg
vehicles per day, the accident rate, Rg, per million entering vehicles (MEV)

is given by:
Re = A x 1,000,000/ (3x 365 x Vg)
The average accident rate R5y, on a section of road is given by:
Ray = SUM (Ai) x 1,000,000/ (3 x 3§5 X SUM(L; x vy))

When calculating R, (the average accident rate at a location), if the rate of
accident exceeds this average then this location is called a hazardous
location. In this method, the traffic volumes of the roads orintersections
should be given. This method may yield misleading results on sections with

small amounts of travel. Some locations with high number of accidents may
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reflect high volumes and have relatively low accident rates. A small number
of accidents at a remote location with low volumes may produce a high

accident rate.

4. Number-Rate

To help guard against the shortcoming of the methods described above,
some agencies have established cutoff values for both the number of
accidents (per km/year or per intersection/year) and the rate of accidents.
This method is normally applied by first selecting a large sample of high
accident locations based on a "number of accidents” criteria. Then, accident
rates are computed and the locations are priority ranked by accident rate
(Highway Safety lmprovem_ent Program User's Manual, 1981; Homburger,

Hall, and Loutzenheiser, 1996; Ogden, 1997).

Rate Quality Control

This methodology has been adopted from the quality control techniques
used in industrial engineering. It defines as hazardous those sections or
spots with observed accident rates higher than would be expected due to
normal variation. Using the average accident rate for similar locations, a

critical rate C; is calculated for each location from:

C; = Ray + kX (Rgy/ m)12 + 1/ (2m)
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Where k establishes the level of statistical significance (k=1.645fora =
0.05) and m travel on a particular section (expressed in million veh.km); if

travel = 47,000,000 veh.km, then m = 47.

If the actual accident rate R; for a section of road exceeds its calculated
critical rate C;, itis potentially a hazardous location and deserves a further

study (Homburger, Hall, Loutzenheiser, and Reilly, 1996; Highway Safety

Improvement Program User's Manual, 1981).

Rating by Accident Severity

Past accidents are weighed according to their severity to produce an index
being used as the selection criteria. This method involves listing each
accident occurring at a site under one of three severity classes: ‘fatal (F),
personal injury (Pl), and property damage (PD). Several weighing scales
have been used, but a typical one is given as (Garber and Heel, 1996):
Fatality =12

Personal injury =3

Property damage only = 1

The disadvantage in using this scale is the large difference between the
severity scales for fatal and property damage accidents. This effect canbe
reduced by using lower weight for fatal accidents, especially at locations

where fatal accidents are very rare in comparison with other accidents.
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7. Pot_ential Accident Reduction

This is the difference between the observed and expected accident
experience calculated from the site and ftraffic flow characteristics. The
selection criteria are to select sites which will maximize the accident
reduction if their accident history can be reduced to the expected value

{Ogden, 1986).

Expected Value Nethod

It is a mathematical method used to identify locations with abnormal
accident characteristics (Garber and Hoel, 1996). The analysis is carried out
by determining the average number of a specific type of accident occurring
at several locations with similar geometric and traffic characteristics. This
average', adjusted for a given level of confidence, indicates the expected
value for the specific type of accident. Locations with accident values higher
than the expected value is considered as over-representing that specific

type of accident. The expected value can be obtained from the equation:

E,=X5 £ ZS
Ey = Expected Value

Xav = Average number of accidents per location
S = Estimated standard deviation of accident frequency
Z =The number of standard deviations corresponding to the required

confidence level.
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2.3.3. Conducting Engineering Studies

After a particular location has been identified as hazardous, a detailed
engin-eering study is performed to identify the safety problem. Once the safety
problem is identified, suitable safety-related countermeasures can be

developed.

The first task is to analyze accident data; the second task is to perform the
physical condition of the site; finally, the third task is to conduct the cause of
accident analysis to determine the specific safety deficiencies at the study site

(Garber and Hoel, 1996).
The output of this process is a listing of safety improvement projects for each
site which should be pricrity ranked before implementation {Highway Safety

Improvement Program User’s Manual, 1981)

Details of conducting engineering studies are also discussed in Chapter 6.

2.3.4. Establishing Project Priorit:_'es

The purpose of this task is to determine the ecanomic feasibility of each set of
countermeasures and to determine the best alternatives among feasible
mutually exclusive countermeasures. The benefit cost ratio will be applicable to
specify the best countermeasure. Benefits can be evaluated by the number of

reduced accidents. Cost can be determined from the costs of constructing and
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operating the proposed countermeasure. The NHTSA recommends the costs

of each accident severity (Garber and Hoel, 1996).

In these steps, projects are ranked and selected. Economic analysis is also
conducted. Details of ranking, selecting, and economic appraisals of projects

and appropriate measures for Palestinian cities are discussed in Chapter 7.

2.4 Implementation and Evaluation

The implementation of the proposal selected is the next step. The evaluation
component involves the determination of the effectiveness of the highway
safety improvement. 1t is required to collect data before and after the
implementation to determine the exisfence of the benefit. The importance of
this task appears when using these data at other similar projects (Garber ahd

Hoel, 1996).

The evaluation techniques include controlled experimentation, control sites,
time trend comparison, and before-and-after analysis (Ogden, 1997; Box and

Oppenlander, 1976; Andreassen, 1989; Hutchinson and Mayne, 1977).

Details of these techniques and their applicability to safety study in Palestinian

cities are discussed in Chapter 8.
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2.5 Road Safety and Programs

Management of road safety becomes a major challenge, and different
countries have responded to this challenge in different ways. As an example,
there are three approaches to this challenge in the United Kingdom, Australia,

and the United States (Ogden, 1997).

2.5.1 United Kingdom
The Government in 1987 set a target of reducing road casualties by one third
by year 2000 compared with the average for 1981-85 (Department of

Transport in U.K, 1987).

This suggested that such a plan had seven components:
¢ Planning

o Information

» Engineering

+ Education and Training

e Enforcement

+« Encouragement

e Coordination of Resources

These plans were on place, and local authorities in Britain were well attuned to
the philosophy and implementation of road safety programs (Brownfield,
1993). Importantly, they had the legislative requirement to:

e Carry out a program of measures designed to promote road safety
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Carry out studies into accidents

L ]

*

In light of those studies, take measures to prevent accidents

In constructing new roads, take measures to reduce possibility of accidents

when the roads come into use

Carry out road safety audit on new road proposals

2.5.2 Australia
In Australia, a national strategy with the aim of reducing road crashes and their
human and economic costs in real terms during the 1990s and into the next
century has been prepared (Federa! Office of Road Safety, 1992). The strategy
developed specific goals (e.g. to reduce road fatalities to 10 per 100,000
population by 2001 with corresponding in injury) and specific pricrities. To
achieve this target, there were eight straiégic objectives:
» Major stakeholder ownership and participation in road safety
» Road safety as a major public health issue
« Road safety as a major economic strategy
+ Road safety as a priority in the management of transport and land

Use
» Safer vehicle, safer roads, and safer road users
+ Integrated framework for road safety planning and action
» Strategic research and development program

« Rationalization of federal and territory programs
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2.5.3 United States

In the United States, the mosf recent initiative related to road safety
management at the national level has been the requirement within the 1991
Interzﬁodal Surface Transportation Efficiency Act (ISTEA) that states must
develop management systems for seven areas related to highways, including
the preparation of a safety management system (SMS), by October 1994 and
be fully operational by October 1996. The program includes:

e Coordinating safety programs

Investigating hazardous safety problems

Early consideration of safety

[dentify safety needs of special user groups

Maintaining and upgrading
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CHAPTER 3

METHODOLOGY

3.1 Introduction

The main objective of this research is to improve traffic safety in Palestinian
cities. This objective can be achieved through the development and
improvement of highway safety program. in this research, general outlines of

such program will be determined.

In Palestinian cities it is very essential to adopt a highway safety program. A
clear and effective program was defined by Federal Highway Administration
(FHWA). The Highway Safety Improvement Program (HSIP) consists of
components for the planning, implementation, and evaluation of safety
programs and projects. This research focuses on the planning component to
be adopted in Palestinian cities. 'l"he proposed (HSIP) must suit the conditions

of Palestinian cities.

2.2 Methodology for Highway safety Planning Components

The main components of the planning process of the highway safety program
and methodologies for developing such a program for Palestinian cities
consists of four major processes, these are:

1. Collecting and Maintaining Data

2. Identifying Hazardous Locations
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3. Conducting Enginzering Studies

4. Establishing Project Priorities.

In this research these four processes with the evaluation process will be

discussed.

The me{hodology of this research is based on the following items:
1. Review existing international planning and evaluation processes.
2. Select the steps and techniques, which suite the Palestinian cities.
3. Determine the values and thresholds related to these processes through

the analysis of available data.

3.2.1 Collecting and Maintaining Déta

Every state should collect and maintain the data of accidents to form the
database. The main source of these data is the police accident reports.
Several forms will be reviewed in this research. A new police accident report
will be presented in this research to be adopted for Nablus City in particular as

well as other Palestinian cities.

international efforts of collecting and maintaining data will be reviewed. The
applicability of specific items in these efforts for Palestinian cities will be

examined,
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Necessary modification will also be applied to make this process suitable for
Palestinian capabilities. The manual versus computerized data recording

system will also be examined, and suitable measures will be identified.

3.2.2 Identifying Hazardous Locations

The locations of abnormal accident occurrence at sites called hazardous
locations (HL). Several techniques for identifying HL will be reviewed in this
research. The most appropriate measures for Palestinian cities will be
determined. The threshold values for links and intersections based on
roadway tlasses will be calculated on intemational methods appropriate for

Palestine.

3.2.3 Conducting Engineering Studies

After determination of hazardous locations, these sites should be studied and
ana!yzéd to determine the potential countermeasures. Methodology for
analyzing accidents will be identified. The most appropriate steps for Palestine
will be determined. New forms to be used for Palestinian cities will also be

developed.

3.2.4 Establishing Project Priorities

The purpose of this process is to determine the economic feasibility of each
set of countermeasures and to determine the best alternative among feasible
mutually exclusive countermeasures. This involves the use of many of the
techniques discussed in this research. The preferable techniques for

Palestinian cities will be suggested.
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3.2.5 Evaluation

Techniques must be established to evaluate the effectiveness of treatments
for the hazardous ic>catlcmsT Available. technigues will be reviewed and the
most appropriates ones will be identified. Specific steps and numerical values

for Palestinian citias will aiso be developed and determined.

The action plans of the highway safety program for Palestinian cities will be

summarized

The processes of the planning and evaluation component are clarified in

Chapters 4, 5, 6, 7 and 8.

The application of the developed highway safety program will be conducted at
one of the most hazardous locations in Nablus City. The purpose of this case
study is to illustrate the implementation of appropriate steps proposed in this

progran.
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CHAPTER 4

COLLECTING AND MAINTAINING DATA

4.1 Introduction

1.

In order to further improve the safety of the highway system, traffic engineers
must have information and data on the location, frequency, severity, and types
of accidents that are occurring. There can be no hope of determining why such
accidents occur, and of developing corrective measures, unless details

describing their occurrence are recorded.

The study of traffic accidents is fundamentally different from that employed to
observe cther traffic stream parameters. Because accidents occur relatively
infrequently, and at unpredictable times and locations, they cannot be
objectively observed as they occur. Thus all accident data come from secondary
sources; motorist and police accident reports. A system for gathering, storing,
and retrieving such information in a useful form must be carefully designed and
monitored to provide the traffic engineer with the data needed to properly

evaluate and correct traffic deficiencies.

Such information base must allow the following critical analysis to take place.
Identification of locations at which unusually high numbers of accidents

OCCuUr.
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2. Detailed functional evaluation of high accident locations to determine
contributing causes of accidents at the location.

Development of general statistical measures of various accident-related
factors to give insight into general trends, common causal factors, driver
profiles, and similar information.

Developments of procedures that allow the identification of hazards before

large number of accidents occur.

Accident data-collection and record system accomplish the first three of these

important requirements.

4.2 Accident Filing System

The ultimate basis for all accident data and information is the individual accident
report. Every state or country requires that any motorists invalved in an accident
in which property damage in excess of a stated limit occurs must report that
accident to the country, state, or city motor vehicle bureau. In addition, more
serious accidents, particularly those involving injury or death, will be investigated

by a police officer, who will also file an accident report.

The police accident report is very useful; as often the officer has been trained in
filing these out and is an impartial observer of the accident. Motorists’ forms are
clearly not unbiased, and various participants in the accident may turn in

markedly different versions of the facts.
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4.2.1 Manual Filing System

All motorist accident report forms are sent to the central motor vehicle bureau
and are entered into the state’s central computer accident data system. In many
countries, police accident forms are generally sent and stored in three different
locations: the motor vehicle bureau, a central filling location for the municipality
or district in which the accident occurred, and a copy is retained by the officer in

his or her precinct.

The central municipal or district accident file is frequently the traffic engineer's
most useful source of information for the detailed examination of high accident
locations. The state andfor municipal computer files are most useful for the

generation and analysis of general statistical information.

Central files may be administered in a variety of ways. Often a single filling
system is centrally maintained for a city, government, or region. In larger areas,
separate files may be maintained for various subdivisions of the jurisdiction. A
traffic department may maintain such systems, a separate agency established
for the purpose, or by a police department. In the latter case, a separate traffic

division is often established within the palice agency.

The following systematic approaches are the basic items in collecting and

maintaining data:
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A. Location Files

The engineer should be able to retrieve reports of all accidents occurring at a
specific location over a specified time interval. This allows patterns in the
types, times, and circumstances of accidents occurring at the tocation to be

examined.

The police office has to provide clear and accurate data on the police
accident report form. The information must be provided in such a way that the
person coding the information can locate it on a map or a road network. Thus
the information ideally is of the form “m meters north-east of the intersection
of X street and Y street”, or “outside Number n, Z Street”, or at location a.b
meters on Highway A (where a and b are specific distance markers on the
highway). Information like “3 Km east of town B”, or incomplete information
like “between town C and town D”is not helpful. Some sites are difficult to
code precisely, for example, sites within 2 roundabout. Various reference
methods in use for location of accidents were described by Zegeer, 1982,

547648
The coder's task, having received the accident report form with the location
information on it, is to translate that information onto a referencing system.
There are two basic options (Ogden, 1996):

1. A coded road network, where each node (intersection) is numbered,
accidents at nodes are coded according to the relevant node number, while
these between nodes (mid-block or link accidents, or accidents at minor,
un-numbered intersection) are codad with reference to the adjacent

node(s).
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2. A grid reference system, based upon a national gecgraphic grid.

Although a street numbering system is outside this thesis, it is recommended
that each node or link must be numbered. The location at mid-block can be
determined by the number of each street or by the name of each street, the
number of link, the number of node, and the distance with the direction from
the numbered node. An example; suppose an accident occurred at Faisal
Street at a distance of about 20m to the east of node number 5. This can be
summarized as (Faisal, 5, 20 east). It can be abbreviated as (Street name,

Node number, Distance with direction from the nearest node) or (St, N, L).

B. Retention of Records

As discussed in the literature review, centfat accident files are generally kept
for a 12 months rotating period.

After removal of records from the _active file, they should be retained ina
“dead-file” system organized exactly inthe same way as the active file for a
period of three to five years. To preserve space, such records may be
microfilmed. After three to five years, most accident records will be discarded,

or removed to a warehouse location.

C. Accident Summary Sheets

The accident summary sheet was discussed in the literature review. In this
summary sheet the basic type of accident, the number and types of vehicles
involved, their cardinal direction, weather and roadway conditions, and the

number of injuries and/or fatalities.
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The use of summary sheets is recommended for Palestine. A proposed
summary sheet for Palestine is shown in Table 4-1. This table is easy to use,
has comprehensive data, and abbreviates ali information in a small space.
This data -is used for analysis objectives. The suggested abbreviations are

presented in Table 4-2.

The analysis of this data leads to determining the overrepresenting type of
accident. Besides, the causes can also be determined. Therefore, the most

suitable countermeasure is applied to minimize the hazards at this location.

4.2.2 Computer Recording System

In the computerized recording system of accidents, each item of information
on the accident report form is coded and stored in a computef file. This
technique is suitable for areas where total number of accidents per year is
higher than 500. With this technique, facilities are provided for storing a large

amount of data in a small space.

The computerized technique also facilitates flexibility in the choice of methods
used for data analysis and permits the study of a large number of accident
locatioﬁs in a short time. There are; however, some disadvantages
associated with this technique. These include the high cost of equipment and
the requirement of trained computer personnel for the operation of the

system.
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Table 4-2: Codes and Abbreviations to be Used in a Summary Sheet

Traffic Control

Stop sign (SS)
Yielding sign (YS)
Traffic signal (TS)
Policeman (P)

No control (NC)

Type of Accident

Vehicle-Vehicle coltision (V-V)
Vehicle-Pedestrian collision (V-P)
Moving vehicle with fixed object (V-F)
Skidding of vehicle (SKD)
Overturned vehicle (QVT)

Causa of Accident

-} Roadway related accident (RD)

Driver related accident (DR)
Vehicle related accident (VEH)

Weather Condition

Clear (CL)
Cloudy (CD)
Raining (RN)
Snowing (SN)

Surface Condition

Asphalt (AS}
Concrete (CT)
Gravel (GR)
Dirt (DT)

Road Condition

Wet (W)
Dry (D)

Light Condition

Day (D)
Night (N)
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When the data is stored by the computer technique, retrieval requires only the
input of appropriate commands into the computer for any specific data

required, and this is immediately given as output.

Most computer systems are programmed to regularly provide statistical
reports of the numbers of accidents or rates by location, environmental

characteristics, and analysis of types of accidents.

Computer system can provide many types of useful outputs. Most agencies
will accommodate requests for special reports. These take more efforts and
costs, as the system must be specially programmed to provide a particular

form of output.

Kobari, 2000, reported that the total intersection accidents in Nablus City were
322 accidents for the 1997 and 1998 years. In other words, the average
number of accidents was about 161 accidents a year. Besides, there were
4383 link accidénts in years 1897 and 1998. The average number of link
accidents was 246 accidents a year. Therefqre, the total intersection and link
accidents were 407 accidents a year. But, .it'must :b'e noticed that there is a
high number of .éccid‘énts that were not registered in the total accidents by

police center due to several reasons.

The average number of accidents in Nablus City for the last two years was

slightly less than 500 {which is 407 accidents as mentioned). However, the
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use of a computerized record system should be planned for the city in the
near future. It is well known that there are many accidents that go unreported.

Also, computerized accident system is superior for retrieval and analysis of

data.

At the present time, the manual recording system is used in Nablus City. The
traffic police department should upgrade their accident recording system to be
computerized. However, until then the department should continue their

manual system with the recommended improvements in this research.

4.3 Police Accident Report

Police reports are very efficient. They are used as judge tools between the
parties of accident vehicles involved. Another objective used by specialists is
to minimize the hazard of accidents. These objectives can be achieved

through investigation of the data existing in the police report.

The advantages of the police accident report can be summarized as follows:
¢ Very useful document used in courthouse

¢ -Very useful information for analyst.

Investigation of these information leads to determine the hazardous locations

and effective countermeasures suggested by the analyst.
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4.3.1 Proposed Police Accident Report for Palestine

In this thesis, a proposed police accident report to be used for Palestine in
general, and Nablus City in particular, was developed as shown in Appendix
C. The proposed form is easy for traffic police expert to deal with, and hasa
comprehensive data to be used by the traffic police administration, courts, and
insurance agencies. It can also be used for analysis purposes. A
computérized recording system of this accident report was also developed in

this thesis to be used by the traffic police administration in Palestine.

The suggested Police Accident Report can be easily filled out manually.

Besides, it was made ready for an easy computer coding system.

The proposed police accident report contains the fb[lowing information:
1. Case number for each accident

Day, time, and date of accident

Location of accident

Driver information

oA w0

. Owners of vehicles information

. Vehicles information

~N O

. Accident type

@

Accident causes

9. Environmental conditions:
+ Weather conditions

e Surface conditions

s Traffic control
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¢ Light conditions

¢ Roadway conditions

. Aliglnment

s Surface fype
10. Injuries and fatalities information
11. Description of accident

12. Accident diagram

The police accident reports create a good database for the analyst. After a
period of time each location will have a full description of all accidents
occurred at this location. From the database of each location, the analyst can
create the collision diagram. The coliision diagram gives a full description for
all accidents occurred at that location. This description will help the analyst to

take a suitable action to minimize the hazards of accidents.

4.4 Summary

Palice accident reports are important sources for creating the accident
database. These reports can be filled manually. To increase efficiency and
save time, using a computerized system of maintaining accident information is

encouraged. It also provides a powerful analysis tool.

In Palestine, it is recommended to adopt the following system for the retention

of accident records:
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o ‘“Active Files™ these are the files that are kept current for a period of one
year. As the records of each month are recorded in the files, the records for

the same month in the previous year will be removed.

. *Dead Files™ these are the files that are removed from the active files. it is
suggested to maintain these files for a period of five years. After five years
these files will be discarded. Some files that are not finished yet at the

courthause should be kept active.

In Palestine, accident files are suggested to be stored at different locations:

1. A copy of each form goes to the local motor vehicle bureau.

2. A copy of each form goes to the highway safety agency for analytical
purposes.

3. A copy of each form is retained at the local traffic police office.

4. A copy of each form goes to the courthouse at the city where the accident

occurred.

A suggested report form for Palestine was presented by Dornier
SystemConsult, 2000. This form is shown in Appendix B, Figure B-1. Another
report form by Garber and Hoel, 1996, is also presentéd in Appendix B,
Figure B-2. These forms have a comprehensive and valuable data, but the

suggested form is easier and more stitable to be used in Palestinian cities.

A proposed police accident report form for Palestine is designed for easy

coding of information into a computerized system. It can also be used for the
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manual filling system. A summary sheet of accidents is also suggested in this

research.

The use of summary sheets is highly recommended for Palestine. A proposed

summary sheet for Palestine is shown in Table 4-1. The suggested

abbreviations are also presented in Table 4-2.
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CHAPTER &

IDENTIFYING HAZARDOUS LOCATIONS

5.1 Introduction

The locations with an unusually or notably high number (or rate) of accidents
are called hazardous locations. In Chapter 4, collecting and maintaining data
was discussed. Hazardous locations should be based upon this information.
Since accidents are rare and random, traffic safety analyses should be based

upon several years of data.

The identification of hazardoﬁs locations process is predicated on being able
to identify a specific site or group of sites where some form of remedial road
or traffic engineering treatments may be applied to reduce the number of
accidents occurring at such sites, or reduce their severity. Few treatments will
reduce both accident frequency and accident severity. Most reduce only one
or the other. However, either outcome is a benefit since both will reduce the

cost of accidents at the site.

5.2 Objective of Hazardous Road Location (HRL) Program

The overall goal of a (HRL) program is to (Sanderson and Cameron, 1986):
1. Identify locations at which there is both high risk of accident losses and
an economically justifiable opportunity for reducing this risk.

2. Identify countermeasure options and priorities, which maximize the
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2. I|dentify countermeasure options and priorities, which maximize the

economic benefits from the (HRL) program.

5.3 Identification of Hazardous Locations

The following techniques are used to determine the hazardous locations:
* Spot Maps
¢ Number of Accidents
+ Accident Rate
« Number-Rate of Accidents
¢ Rate Quality Control (RQC)
¢ Rating by Accident Severity
+ Potential Accident Reduction (PAR)

o Expected Value

Details of these methods are discussed in literature review.

5 4 Determination of HRL in Palestine

it should be mentioned that most injury and fatal accident records are
available in Palestinian cities in general and Nablus City iﬁ particular with
respect to the property damages accident records. Most property damage
accidents are not reported, thus are not accounted for. Therefore, the
determination of HRL in Palestine at the present time will be based on injury

and fatal accidents only.
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it is recommended as an initial stage for Palestine, to use spot maps and to
use colored pins to indicate the sites of high number of accidents. A
computerized program such as a GIS-based program will also help in using

spot maps and makes it more efficient.

It is also recommended, in a later stage when the safety program is more
developed, to use “Number-Rate” of accidents method to determine high
accident locations. The rate method can be used only where the volumes
are known at locations of accidents. Otherwise, hazardous locations can
be determined based on frequency (number of accidents) threshold being
the basic indicator in this case. To determine the threshold of both the rate
and frequency, statistical methods should be applied. The expected value
statistical method described before is recommended to be used to estimate
these thresholds because it is based on accident statistics of all
intersections or links in the network. In addition, it considers a specific
statistical confidence level. Therefore, it is expected to produce reliable

results.

The analyst has a choice to determine the confidence level to determine
the expected value. The majority of publications which deal with this
statistical methods use the confidence level of 95 percent. Therefore, a 95
percent confidence level is also recommended for use in Palestine. The

formula to be used in this method is

E, = Xgy£ZS
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Where terms are as defined before and Z = 1.96.

5.4.1 Expected Values for Links and Intersections — General
With reference to the data in Nablus City provided by Kobari, 2000, the
analysis showed that the expected value for all intersection accident

frequency was 3.3 accidents per year for the year 1997-1998 data.

The expected value for the intersection accident rate was 0.4 accidents per
million entering vehicles. Furthermore, the expected value for accident
frequency at links was 3.3 accidents per year. Table 5-1 summarizes these

resulits.

Table 5-1: Expected Values at All Intersections and Links in Nablus

city'"

At Intersection At Links
Frequency of Accidents 3 263@ 3.301®
(accidents / year)
Rate of Accidents 0.402? NJA
(Accidents per MEV [ year)
Notes:

(1) Results are based on 1997-1998 accident data.
(2) Based on 126 intersections.

(3) Based on 433 links,

{(4) Volume data at links were not available.

The thresholds to be used can be summarized as the following:

Atintersection E, =3.3 accidents (for accident frequency)
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Atintersection E, =0.4 accidents per million entering vehicles ( for

At links

accident rate)
E, =3.3 accidents (for accident frequency)

These expected values are consistence with the values obtained from

Kobari, 2000, The analysis was done upon the same data.

Detailed calculations that lead to the above results are shown in

Appendix D. These threshold values give some flexible judgement for the

analyst. Besides, each city in Palestine has its own situation and may yield

different results.

5.4.2 Expected Values Based on Road Classification

Based on the data obtained from Kobari, 2000, the following table {Table 5-

2) summarizes these data. The expected values were calculated according

to the highway classification in Nablus City.

Table 5-2: Expected Values of Accident Frequency at Intersections
According to Roadway Classification — Nablus City 0

Number Average . Expected
of Number Number of Estlmatt_edt_Stan;:lard Values at
Intersection Type | Accidents of Accidents per _EljewaFnon 0 Intersection
pertwo | Intersections Intersection Accident srequency (Ey) @for
_ years (Xav) ) two years
Main/Main S0 29 3.10 3.14 9
Main/Collector 38 17 2.24 2.46 7
Collector/Collector 21 24 0.875 1.7 4

Note (1): Accident records for the period of fwo years.

(2); Expected value (2-years) were calculated based on equation Ev = Xav + ZS.

(3): Accidents rates at secondary road intersections were not available.
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Therefore, the expected value thresholds for the accident frequency based

on the above classification for the period of one year will be the following:

Ey (Main/Main intersections) = 4.5 accidents / year

E, (Main/Collector intersections) = 3.5 accidents / year

E, (Collector/Collector intersections) = 2 accidents / year

The expected value threshold for the accident rates was calculated for the
Main/Main intersections only. This was because traffic volumes were
available only at these intersections. The average accident rates at
Main/Main intersections was 0.19 accidents/MEV, and the standard
deviation of accident rates was 0.21. Therefore, the expected value for the
. period of two years was 0.61 accidents / MEV, and the expected value for
the period of one yearwas 0.31 accidents / MEV. So, the expected value
was taken to be 0.3 accidents / MEV. Detailed calculations were presented

in Appendix E.

The thresholds of expected values for both frequency and rate at main
links were calculated to be as follows:

E, at main links based on accident frequency = 4 Accidents / year.

E, at main finks based on accident rate = 0.8 Accidents / MEV. Km / year.

Detailed calculation were presented in Appendix F.
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Calculation of expected values at collector and secondary links based on
accident frequency or rate was not possible because data was either not

available or could not be easily assigned or calculated at specific links.

Applying the above thresholds indicated that Al-Hesba and Al-Adel

Intersections were the most hazardous intersections in Nablus City.

Several interviews were made with drivers and police traffic experts about
their perception of the hazardous locations in Nablus City. Drivers and
police experts agreed that Al-Hesba Intersection is the most hazardous
jocation in Nablus City. For this reason, Chapter 9 discusses a safety study

at Nablus City to be applied at Al-Hesba Intersection.

Furthermore, the accidents data at Al-Hesba Intersection were collected
from police reports and the courthouse. There were 15 accidents occurred
at this intersection from 1/4/1899 to 1/8/2000. Details of safety study are

presented in Chapter 9.

According to the threshold values at finks, Al-Quds Street was the most
hazardous location based on accident frequency criterion. It had 49
accidents per two years according to Kobari, 2000. Furthermore, Askar-
Balata Street was also the most hazardous location based on accident rate
criterion. It had 2 accidentsMEV per two years according to Kobari, 2000

also.
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5.5 Summary

Hazardous locations are those locations that have higher number or rate
than some expected or critical values. The main aim of determining these
hazardous locations is to apply a proper treatment at these locations. This
treatment will lead to minimizing the cost of accident through the reduction

of accident numbers or severity.

The spot map method is recommended to be used in Palestine at the initial
stage. Colored pins may be used at these maps. Besides, it is
recommended in Palestine (when the traffic volume is available) to use the
accident rate method to determine the hazardous locations. Where there
are no available traffic volumes, the accident frequency method is
recommended. The expected value is the statistical method to be used to

specify thresholds for both rate and frequency of accidents.

In this research, only major intersections in Nablus City were included in
the analysis. These are intersections of main/main, main/collectors, and
collectors/collectors. Sites with zero accidents should be included in the
analysis to determine the expected value and be updated after certain

number of years.

In Nablus City, the following threshold of expected values are suggested to
be adopted. Each city in Palestine has its own accident situation and may
yield different threshold results. However, in the absence of any other

information, these values may be used by other cities in Palestine.
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Accident Frequency Thresholds

Overall intersections Ev = 3.3 accidents / year
(Main/Main intersections) Eyv = 4.5 accidents / year
(Main/Collector intersections) E, = 3.5 accidents / year
(Collector/Collector intersections) E,, = 2.0 accidents / year
At all links (Mid-block) E, = 3.3 accidents / year

At main links E, = 4 accidents / year

Accident Rate Thresholds
Qverall intersections E, = 0.4 accidents / MEV / year
(Main/Main intersections) Ey, = 0.3 accidents / MEV / year

Main links E, = 0.8 Accidents / MEV. Km / year.

These threshold values should be periodically updated every 3 to 5 years.
This period is consistent with the period for which several agencies keep

accident records.

The determination of hazardous locations, through the accident analyses,
is the basis for the treatment of these hazardous locations. This extent of
treating hazardous locations depends upon the available budget. This
budget should be spend first on the most hazardous locations. Then, it
should be spend on the less hazardous locations, and so on. This process

is continued until the available budget is totally spend.
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CHAPTER 6

CONDUCTING ENGINEERING SAFETY STUDIES

6.1 Introduction

In Chapter 5 the hazardous locations were determined. In this chapter a
detailed engineering study for hazardous locations is discussed.
Conducting engineering studies is the third step in the planning process

shown in Figure 2-1.

There are two main tasks in conducting engineering safety studies:

.1. Studying the accident data to determine the type of accidents at
hazardous locations, then the cause of accident can be identified. Table
6-1 indicates the possible causes for each type of accident.

2. Conducting a field review of the study site. This includes inspection of
physical condition of the site and an observation of traffic operation.
Table 6-2 indicates the data required to identify the safety

deficiencies at the study site.

The suitable countermeasures are applied at the accident site, when the
type and cause of accident are determined, according to the effectiveness
of each one. Table 6-3 shows the general countermeasures for different

safety deficiencies. To specify the type and possible cause of accident,
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Table 6-1: Probable Accident Causes for Different Types of Accidents

ACCIDENT PATTERN

PROBABLE CAUSES

Left-tum head-on collision

Large volume of left tum

Restricted sight distance

Too short amber phase

Absence of special left-tumning phase
Excessive speed on approaches

Right-angte collisions at signalized
intersections

Restricted sight distance

Excessive speed on approaches

Poor visibility of signal

Inadequate signal timing

Inadequate roadway lighting

Inadequate advance intersection waming sign
Large total intersection volume

Right-angle collisions at unsignalized
intersections

Restricted sight distance

Large total intersection volume

Excessive speed on approaches |

Inadequate roadway lighting

Inadequate advance intersection warning signals
Inadequate traffic control devices

Rear-end collisions at unsignalized
Intersections

Driver not aware of intersection
Excessive speed on approach
Slippery surface

Lack of adequate gaps

Large number of turning vehicles
Crossing pedestrians
inadequate roadway lighting

Rear-end collisions at signalized
intersections

Slippery surface

Large number of tuming vehicles
Poor visibility of signals
Inadequate signal timing
Unwarranted signals

inadequate roadway lighting

Pedestrian-vehicle collisions

Restricted sight distance

Inadequate protection for pedestrians
School crossing area

Inadequate signals

Inadequate phasing signal

Source; Adopted from Highway Safety Engineering Studies Procedural Guide, U.S. Department of Transportation,

-Washington, D.C., June, 1981.

(Obtained from Garber and Hoel, 1996.)
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Table 6-2: Data Needs for Different Possible Causes

oo : L o . Procedures ic Be--
Poss:bfe Causes . Data Neéds’ ' ) . Performed
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" of interséction ' « Sight distance .. . Study
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S - Spot Specd St’n’»:!)i
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o et T

shppery surface L .jj"'- - Sturdy A
-7« Tréffic Confhct S
. Study o
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lnadequate. roadww" o ':'_.n Roadway mvcn{ory
5 }lghtmg o ¥ s

. Spc’c‘&éh’éﬁciéﬁsﬁ@ & Spot Spéed Study
Aequate gaps o Roadway mventory .oom Roadway Inventory
) » Volumedata 7. - - Study .
‘s Gapdata ~ T ¢ ~« Volume Study
. ' e Gap'Stody
.-gir'o;s:i_zig‘ pedestrians i Pedestrian volimes & Volunie Study
S & Pedestrianjvehicle . -1 - ¥ Pedestrian Stdy -
e - conflicts U . Roadway Inventory*--;

" ‘Stgnai invertory - " Study -

- o ‘Rear- end colhsmns at stvnahzedl
 Slippery-surface © .. -u Pavement skid resistance
sl ‘ * chardctéristics ™ .. o
"« Conflicts resul ng from

" slippery surface
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Table 6-2: Continued
. - ) o ‘Proceduresto Be T
Possible Causes - Data Neéds . Petformed
) Rear-end collisions af sighalized: mtcrscctmns ,
Large number of° .« Volume gatd - * . Volurhe Study

» Roadway inventory. -

= Conflict data " '

« Travel tifne and delay
data :

- turning vehicles

Poor wsxbﬂny of
signals

» Slgnal review .
« Traffic co,nﬁscxs g

« Vohime data
« Vehicle conflicts
= Roadway inventory
a ‘Signal timing and phasing

Large volufne of
left-turps -

+ - wTravel tiiic and delay data -

»
.
B,
|2
£

Restricied sight

Finventory
distance 2

»
n
0.
=
-—
]

Specd charactcnsucs

»

‘Speed characten's'ttcs
‘Volume data,

Roadway mvemory '
Signal timing and phasing

'Told'sjh.oi‘f“émb'er}";vh'asa o

= » _.- =

" Abstiice of special.

» Yolume data .
lelt-turning phase » Roadway inventary
o = Signal timing and p’hasmg
= Delay data

Speed characteristics.

.Excessive. speed on
approachcs -

Source Adapted from: Hrgﬁxvay Safety Engi neer‘mg Siua’ s Pracedura! Gmde. U s, Dc“arlm*‘nt

of Transportanm Washmg{on, D.C., June 1981, .

. Roadway lnvcntory .'_

Study -
Trafﬁc Carflict .
Study”

Delay Study
‘Roadway Invcmory _

Study -

- Traffic Con{ro} C
- Device Study

Tr‘*fﬁc Confhct . ’

; Study

Left-turn hcad~on co]hs:ons S

‘voium'e' Study -

o « Traffic Conﬁm

Stody

. Roadway Inventory -

‘Study -
Capacity Study” .

=« Travel Time and

Delay Stndy

Roadway Invcmcr‘) L

Study:
ng‘nt sttance '

' ;.I{'Spo[ Speed Smdy
* Spot: Speed Stiidy
« Volume Study
Roadway Inver\tory‘

Study . -
Capacity Study .

Volume Study
Roadway lnventory

* Swdy -

« Capacity Study .
« Travel Time and: -
Delay Study

Spot Spezd Sludy :
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Table 6-3: General Countermeasures for Different Safety Deficiencies

: o Leflt-turn head-on collisions.
Large volime of left-turns . . » Creafe 6ne-way street
‘ : » Widen road '
« Provide Jeflt-turn signal phascs :
Prohibit left-turns -
Reroute left-turn traffic
Channelize intersection :
Install stop signs (see MUTCD)*
Revise si gnai sequence
‘Proyide turning guidelines (if there is 2
dual leftturn lanie)
» Provide traffic signa} if warranted
by MUTCD* :
o * Retime signals
Restricted sight distance, s Remove obstacles
o » Provide adequate channelization
« Provide special phasc Ior lef L-mrnmg
traffic
= Provide lefi-turn slots
» Install warning signs
" 'Reducc speed lnmt on approaches

Too short amber phase o « Increase amber phase .
c e Providesll red phase . b
A’b‘sen‘t:‘e of Speéiai lel‘:'—{uming ,p‘{nase " w-Prévide speciak. phase for ieft-tummg
e Cteaffie -
";‘-'E ,. csswe: sp:ed on approaches .7 x Reduze speed liniit on appmachcs

. : Rcar-cnd collisions at unsignalized interscctions
Dnver not aware of iriterséstion . = lnstallfimprove warning signs
Shppery surface Overlay pavement
Provide adequate draindge
Groove pavement
Reduce speed limif on approaches
Provide “slippery when wet" signs -
Create lefi= or right-turn Ianes
Prohibit turns
Increass £urb radii
Improve roadway lighting
Reduce speed limif on approacheés
Provide traffic signal if warranlcd
{see MUTCD)*

o « Provide stop signs .
Crossing pedestrians ' . Insta][fzmprov: §igning or marking

of pedastrian crosswalks

‘h A = oM o=

Large numbers of titrning Tvehi,c'l'c's )

Inadequate roadway lighting .
" Excessive speed on approach -
Lack of adequate paps

" Coninged
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Table 6-3: Continued

. Rear-end collisions at signafized intersections.
Slippery surface . _ » Overlay pavement
' : - « Provide adequate-drainage |
. » Groove pavement -
- » Reduce speed limit o0 appraachcs
» P:ovxdc “slippery whet wet™ signs:

Large number of turning vehicles = Create left- or right-tarn lanes. -
S S : » Prohibil turns
= Increase curb radi-

Provide special phase for
léft—'tuming teaffic . '
Installfi improve ! advance: wammg
_ devices
. w Install overhead srgnais

« Install 12-in. signa! lehses

(see MUTCD)*

“» Install visors -

« Install back plates. -

» Relocaté signals ‘

« Add additional signat heads

» Remove obstacles

L Reduce spced hm;t on. appmaches

-

Poor visibility of signals |

‘j,Inadcquaze s:gna! u::mng

Unwarranted sigials  Renioye sigs
Inadequate roadway lighting BT Imprcvc ma&wajy hghhng
- *Manual 0 on bn{farm Traﬁc Control Devices,. publ:shed by FHWA ‘

Source: Adap{cd from Highway Safety L’ngmeermg .S‘:udees Pmcca‘ura} Gum’e U S0 Dcpanmcm

_of T ‘ransportation, Washmgton, D C Iune 1981

{Obtained from Garber and Hoel, 1998)
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analysis of accident data, and site analysis should be determined. Site

analysis includes the following:
1. Condition diagram

2. Police accident report

3. Accident histogram

4. Collision diagram

The above four elements are discussed in this chapter.

6.2 Accident Reduction Capabilities of Countermeasures

Implementing a proposed proper countermeasure is expected to reduce the
number of accidents. Accident reduction capabilities are used to estimate
the reduction in the number of accidents during a given period. There are
values in different countries or states for accident reduction capabilities
known as accident reduction factors (AR). Table 64 indicates the accident
reduction for low cost treatment (ITE, 1992). It is suggested to use these

values in Palestinian cities because there are no available such values.
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Table 6-4: Accident Reduction for Low-Cost Treatments

Treatment Accident Reduction (%)
Anti-skid 50
Improved signing at junctions : 46
Modifications to existing trafic signals 30
New traffic signals 45
New pelicans (crosswalks) 40
New zebras (crosswalks) 44
Super-elevation 75
Lining and signing not at bends 32
Lining and signing at bends 55
Minor junction changes (not roundabouts) 52
Pedestrian refuges - 19
Pedestrian barriers 43
New street lighting 24
Resurfacing 34
Alterations to roundabouts 20
Area studies 50

Source: ITE, 1992

in using the AR factors to determine the reduction in accidents due to the

implementation of a specific countermeasure, the following equation is used:
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# of Accidents Prevented = N x AR x (ADT after period / ADT before period)

where:

N = expected number of accidents if countermeasure is not implemented
and if the traffic volume remains the same.

AR = accident reduction factor.

ADT average daily traffic.

6.3 Process of Diagnosis

The Highway Safety Guidelines published by the United Kingdom (UK)
Institution of Highway and Transportation (1990) suggested that there are six
steps in the diagnosis phase (Ogden, 1997).

e Study detailed accident reports.

e Data sorting to determine groups of accident types and the locations

where they occur.

L

Data amplification by detailed on site investigation.

Detailed analysis of all data.

Identification of dominant factors and/or road features.

¢ Determine the nature of the accident problem.

Therefore, most accident investigations involve two aspects which are related
to diagnosis of road safety problems . The first involves an in-office analysis to
identify predominant vehicle maneuvers and the accident types which are

occurring (e.g., a disproportionate incidence of night time accidents implies a
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need for delineation, fighting, etc). The second aspect is an on-site analysis

involving observation of road features and driver behavior (Ogden, 1997).

6.4 Analysis of Accident Djta

The reasons for analyzing traffic accident data are the following:

1. To identify any accident pattemn that may exist.

2. To determine the probable causes of accidents with respect to drivers,
highways, and vehicles.

3. To develop countermeasures that will reduce the rate and severity of

accidents.

These objectives could be achieved through studying briefly ali information
from the accident histogram, collision diagram, condition diagram, and police

accident report.

To féci!itate the comparison of results obtained from the analysis of accidents
at a particular location with those of other locations, use is made of one or
more accident rates. These accident rates are determined on the basis of
exposure data, such as traffic volume and length of road section being
considered. Commonly used rates are per million of entering vehicles and rate

per 100 miltion vehicle miles.

6.5 Accident Patterns

Two commonly used techniques to determine accident patterns are:

1. Expected value analysis
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2. Cluster analysis

A suitable summary of accident data can also be used to determine accident

patterns.

6.5.1 Expected Value Analysis

Details about the expected value analysis were presented in Chapter 2.

6.5.2 Cluster Analysis

Cluster analysis involves the identification of a particular accident
characteristic from the accident data obtained at a site. It identifies any
abnormal occurrence of a specific accident type in comparison with other
types of accidents at the site. For example, if there are two rear-end callision,
one right-angle accident, and six left-turn accidents at an intersection during a
given year, the left-turn a.ccidents could be defined as a cluster or grouping,

with abnormal occurrence at the site.

6.6 Determination of Accident Causes

Having identified the hazardous locations and the accident pattern, the next
stage in the data analysis is to determine possible causes of accidents. The
types of accidents identified are matched with a list of possible causes from
which several probable causes are identified. Table 6-1 shows a list of

possible causes for different types of accidents.

The environmental conditions existing at the time of accidents and field review

may also help in the identification of other possible causes of accidents.
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6.7 Detailed Analysis

The ITE,1992, reported that, when locations have been identified for further

analysis, the normal procedures of analysis include the foliowing:

1.

Obtaining all accident data and reports for atime period of at least two

years.

. Preparing a summary report of the accident data, including dates and

times of accidents, weather conditions, road conditions, type of accident
(e.g., sideswipe, angle, rear-end), type of vehicles involved, driver actions,

and other information from report forms.

. Preparing a collision diagram to identify pattemns of accident occurrence

that can assist the analyst in looking for engineering solutions.

. Preparing a condition diagram or inventory sketch of the location, including

physical features such as traffic control devices, pavement conditions,

utility poles and building lines, and others as appropriate.

. Obtaining other data such as traffic speeds and volumes, vehicle

classifications, and signal timing.

. Visiting locations to observe and become familiar with specific site

characteristics, traffic patterns, and other information not readily available
from reports or inventories. A Field Inventory form can be filled by an
engineer. This form contains considerable information about the road or
intersection geometry. Furthermore, it has the information about the

surface type and defects, traffic control, speed limit, land uses, etc.

A proposed Field Inventory form for Palestine is shown in Appendix G.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



73

The above processes will assist the engineer in identifying and analyzing
environmental, site, or traffic characteristics that may be contributing to
traffic accidents. When such causes are identified, the engineer or analyst

can evaluate corrective measures that are known to be effective.

The final stage in the process is to evaluate the actual effectiveness of
specific measures after they have been put into place. Evaluation
techniques are well-documented in Chapter 7, but a fundamental
requirement is that any necessary data be identified and collected for both
the period prior to and following implementation. The evaluation results,
whether positive, neutral, or negative should be documented to improve the

knowledge base of the responsible agency and the profession as a whole.

The site analysis includes four items. These are:
o Condition diagram.

+ Police accident report.

« Accident histogram.

e Collision diagram.

6.7.1 Condition Diagram

A condition diagram describes the following:
1. All physical and environmental conditions at the accident site under study

2 Geometric features of the site, the location and description of all traffic

controls (sign, signals, markings, lighting, etc.), and all relevant features of

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



74

the roadside environments, such as the focation of objects, driveways, land

uses, and so on.

The diagram must encompass a large enough area around the location to
include all potentially involved features. This may range from several
hundred feet on intersection approaches to % - % mile on rural highway
sections (McShane, Roess, and Brassas, 1998). Figure 6-1 illustrates a

condition diagram for an intersection in a suburban community.
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Figure 6-1: Typical Condition Diagram

Source: Adapted from Traffic Engineering by McShane, Roess, and Brassas, 1998.
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A field inventory form will assist in documenting information about the site. As
mentioned before, a proposed “Field Inventory Form” to be used in Palestine

was developed in this research, and is presented in Appendix G.

6.7.2 Police Accident Report

This report plays animportant role to identify and analyze the accident. This
report is efficient to provide information for potentially effective
countermeasures at an accident site. The police officer attending the scene of
accident is required to fill out a form that contains information about the
vehicle, driver, pedestrian, and road. These information are found in a police
accident report (refer to police accident reports shown in Appendix B). A new

police accident report was designed in this research and is presented in

Appendix C.

6.7.3 Accident Histograms

Accident histograms are particutarly useful in the analysis and evaluation of
the safety performance of a stretch of highway. It provides a plot of accident
frequency versus accident location, thus allowing the analyst to identify areas
of ‘accident concentration’ {Abdelwahab, 1997). These areas are usually

major intersections, access roads, or a section with poor road geometry

(e.g., sharp curve, restricted sight distance, etc.).

6.7.4 Collision Diagram

These diagrams present pictorial information on individual accidents at a

location. Different symbois are used to represent different types of
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manauvers, types of accidents, and severity of accidents. The date and time
(day or night) at which the accident occurs are also indicated. Figure 6-2
shows a typical collision diagram. One advantage of collision diagrams is that
they givé information on the location of the accidents, which statistical
summaries do not give. Collision diagrams may be prepared manually either
by retrieving data field manually or by a computer when data are stored in a

computer file.

A collision diagram is a schematic representation of all accidents occurring at
a given location over a specific period, generally from one to three years.
Each collision is represented by a set of arrows, one for each vehicle
involved, which schematically represents the type of accident and directions
of all vehicles. Arrows are labeled with codes for vehicle types, date and time
of accident, and weather conditions. Arrows are placed on a schematic, not-
to-scale drawing of the intersection, with no interior details shown. One set of
arrows represents one accident. It should be noted that arrows are not
necessarily placed at the exact location of accident on the drawing. Several
accidents may have taken place at the same spot. Arrows are placedto
illustrate the occurrence of accidents, as close to the actual spot as possible
while still clearly indicating each accident as a separate set of symbols. Figure
6-3 lists the standard symbols and codes used in the preparation of collision

diagrams.
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Figure: 6-2 Typical Collision Diagram

Source: Traffic Engineering by McShane, Roess, and Brassas, 1998.
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Figure: 6-3: Standard Symbols for Collision Diagram

Source: Traffic Engineering by McShane, Roess, and Brassas, 1998.
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In summary the collision diagram has the following information:
1. Type of accident
2. Severity of accidents
3. Light condition
4. Directions of all vehicles
5. Date and tihe of accident
6.. Weather conditions
7. Road surface condition

8. Indications to identify the pattern of accident

6.8 Problem Analysis

As reported by Ogden,1997, the basic information is obtained from accident
reports, site visit, and other gathered infoﬁnation. The foﬂowing questions aré
key to the accident problem analysis process (Andreassend, 1983).

» Are accidents associated with a physical condition of the road, and can this
situation be eliminated or corrected?

« |s visibility adequate, and can this be corrected, or if not is there adequate
warning?

« Are the existing signs, signals, and pavement marking doing the job for
which they were intended? Are replacement needed?

e Is traffic properly channeled to minimize the occurrence of conflicts?

« Would accidents be prevented by prohibition of a specific movement (e.g., a
right or left turn), or by giving it priority (e.g., exclusive tum phase at a traffic

signal)?
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+«Can some of the traffic be diverted to other streets where the accident

potential is not as great?

« Are night time accidents out of proportion to daytime accidents indicating the

need for special night time protection (lighting, delineation, etc.)?

« Do conditions show the need for additional traffic law enforcement?

Answering these questions will provide detailed information that will be the

basis for analyzing the accident problems at the study site.

6.9 Economic Analysis

Economic analysis summarizes an economic feasibility of the elected
countermeasures. This implies identification of costs and benefits. Costs are
the capital and continuing costs for constructing and operating the proposed
countermeasure (investment, operating, and annual maintenance costs). The
benefits are obtained by the expected number of prevented accidents by an
assigned cost for each type of accident severity. Table 6-5 shows costs
proposed by the National Highway Traffic Safety Administration (NHTSA).
These costs will be different from country to country or from state to state
'depending upon the costs for each type of accident severity for that state or

country. The detailed economic analysis is presented in Chapter 6.
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Table 6-5: Some Typical Accident Unit Costs

Acclident Minor | Moderate | Serious | Severe Critical
Severity | PDO | Injury Injury Injury Injury Injury Fatal
Costs
(%) 1,481 j 6,145 26,807 84,189 168,531 | 589,055 | 702,281

sSource; The Economic Cost of Motor Vehicle Crashes, 1990, and National Highway Traffic
Safety Administration, U.S. Department of Transportation, Washington, D.C., September

1992.

6.10 Interpretation of Results

McShane, Roess, and Brassas, 1998, gave an interpretation of the result for a

collision diagram (Figure 6-2). Accidents are generally grouped by type. The

predominant accidents illustrated in Figure 6-2 are rear-end and right-angle

accidents. For each type of accident, three questions must be asked and

anaswered. These are:

1. What driver actions lead to the occurrence of such an accident?

2. What conditions existing at the location could contribute toward drivers

taking such actions?

3. What changes can be made to reduce the chance of such actions

ocecurring in the future?

As an example of interpretation of results, consider the rear-end collision of

the Figure 6-2 . Rear-end collision normally occurs when the lead vehicle

stops suddenly or unexpectedly, and/or when the following driver follows too

closely for the prevailing speed and environmental conditions. While tailgating

by a following driver is not correctable by design or control, 2 number of

factors may contribute to vehicles stopping suddenly at the intersections

depicted in Figure 6-2.
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At signalized intersections, frequent quick stops are often related to a
mistimed yellow or clearance interval. if the interval is too short, vehicles
attempting to continue through the intersection will have to stop suddenty to
avoid being hit by crossing vehicles. Therefore, the timing of the clearance

interval must be checked in cases such as these.

The condition diagram of Figure 6-1 shows an unusual number of driveways
atlowing access to and egress from the street right at or near the intersection
area. Unexpected movements in and out of these driveways could cause
mainline vehicles to stop suddenly. Another noticeable condition is that STOP
lines are located well back from the sidewalk line, particularly in the
northbound direction. Thus, vehicles are stopping at positions not normally
expected, and following drivers may be surprised and unabie to respond on

time to avoid a collision.

Potential corrective actions flow from this. Several driveways in the immediate
intersection area should be closed, and STOP lines moved to more normal
Iocations. The clearance intervals must be checked and retimed. Signal sight
lines with respect to trees and so on shouid be checked. Further, since most
of the accidents are occurring at night, lighting and visibility under these

conditions should be studied.

Clearly, this analysis is illustrative. Each situation and location will have its

own unique characteristics, requiring the application of the traffic engineer’s
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skills in an insightful and innovative ways. The tools of site analysis, and the
collision and condition diagrams, are not the end result of an analysis. But
merely the most effective means of depicting complex information. As noted
previously, accident site analysis is quite complicated, using all the traffic

engineer's knowledge of design, operations, controls, and safety.

6.11 Summary

It was stated that the planning component of the Highway Safety
Improvement Program consists of four processes. Conducting engineering
studies is the third process, after collecting data and determining hazardous
locations. The main aim of this process is to identify effective

countermeasures to eliminate or minimize the hazards of accidents.

in summary, it is suggested for Palestine that the following four steps are
applied to achieve the main aim of determining effective countermeasures for

each accident. These steps are also summarized schematically in Figure 6-4.

1. Determination of the type of accidents through deep study of the accident

histogram, collision and condition diagrams, and police accident report.

2 Determination of the cause of accidents according to Table 6-1or traffic
engineer's judgement. This can be achieved also by road investigation, in
addition to a deep study of the collision and condition diagrams and police
report.

3. Determination of the data required to identify the safety deficiencies

according to Table 6-2.
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— Accident Histogram
Type/s of Accidents
—
o Collision Diagram
e Condition Diagram
Cause/s of Accidents
<.._....-
u_—' Police Accident Report

!

Field Review
Data Required ldentifying the
Safety Deficiencies

!

Allernative Countermeasures

v

Actident Reduction
Capabilities

v

Economic Analysis

v

Select Mutually Exclusive
Countermeasures

Figure 6-4: Major Recommended Steps in Conducting Engineering
Studies Process for Palestine.

Determination of the best effective countermeasures. To optimize the best

remedial actions economic analysis should be done.
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CHAPTRE 7

ESTABLISHING PROJECT PRIORITIES

7.1 Introduction

The fourth process of the planning component is the establishment of project
priorities. After conducting engineering studies and determination of specific
countermeasures, then these measures should be studied well to maximize their

benefits.
The process of establishing project priorities aims at maximizing the total safety
benefits within the constrains of available funds. This process involves the

ranking of hazardous locations, which were previously determined.

7.2 Ranking and Project Selection

After identifying hazardous locations and determination of remedial actions
“countermeasures”, the implementation will follow these steps. If thereis no
sufficient budget to implement all the countermeasures and projects, ranking of

the projects will be efficient and essential in this case.

The Institute of Highway and Transportation in its road safety guidelines outlined
seven steps to be followed in systematically selecting projects for inclusion in a

hazardous road locations program (Ogden, 1996):
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1. Determine the range of measures likely to influence the dominant
accident types and road features
2. Test the measures to insure that:
e adecrease in accidents is likely to occur
¢ no future increases are likely in other accident types
e no unacceptable effects are likely on traffic or environment
3. Conduct economic assessment of costs and benefits
Select measures likely to give the greatest benefits
Consult the public to ensure acceptance by the community affected

If necessary, amend proposal

e 2 R L

Select sites for priority treatment and develop action plans

In ranking sites and developing a prioritized work program, the use of formal

economic appraisal procedures is an invaluable aid.

In recent years, it has become both possible and more common to perform a
formal appraisal of traffic engineering road safety projects. There are two
reasons for this. Firstly, governments are requiring road and safety agencies
15 show that investment in such projects is worthwhile. Secondly, the data to

permit a more rigorous form of appraisal are becoming available.

Ogden, 1996, suggested two types for ranking the road safety improvement
projects:
1. A formal economic appraisal in which costs and benefits are calculated and

compared.
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2. A “goals achievement’ approach (such as cost-effectiveness approach),
whereby projects are ranked, but no attempt is made to assess their

economic benefits against their costs.

7.2.1 Economic Appraisal of Road Safety Projects

Economic appraisal is essentially concerned with the economic efficiency. lt also

indicates not only whether the project is worthwhile, but also indicates which is

the best project or set of projects to undertake. It consists of six stages:

« ldentification of relevant benefits and costs

o Valuation of benefits and costs

« Reduction of all future benefits and costs to their equivalent present day
values

« Comparison of benefits and costs according to an explicit decision critericn

o Sensitivity testing where values are uncertain or risks are high

e Presentation of results
In the following discussion, the meaning of each stage is discussed.

A. Benefits and Costs

Benefits. The benefits of a road safety-engineering program comprise savings in
road accident costs, which are estimated to result from the construction or
introduction of a road safety measure. These may be due to a reduction in costs
resulting either from a reduction in the number of accidents or a reduction in the

severity of accidents, or sometimes from both.
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Costs. Although there are several ways in which costs can be calculated, the
best definition is that the costs of a project are its initial capital cost, which
usually involves only the costs that are incurred up-front as the project is

designed and built.

B. Valuation of costs and benefits
In many countries, the estimation of accident costs was created. In Palestinian
cities Jadalla, 2000, was discussed the costs of such accidents, as we will see

later.

The valuation of costs is usually straightforward; this is the engineering estimate

of the cost of the job.

The valuation of benefits is more difficult, since it involves placing an economic
value on accidents and thus on accident savings. As well as the actual valuation
of the cost of accidents; the way in which these valuations are expressed is
important. Until recently, most jurisdictions used very broad average values. For
example, the average cost of a rural accident and an urban accident, or the
average cost by accident seyerity. The UK approach to economic evaluation is
4ypical; it is based upon the use of an average cost of accidents by location

(rural, urban, motorway) and by severity (fatal, serious, slight) (Ogden, 1996).

Recently; however, a potentially much more powerful approach has emerged.
This is based on the calculation of the average cost of particular accident types.

This enables a more detdiled analysis of the benefits of the treatments to be
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undertaken, particularly in instances where there may be little effect upon
accident frequency. But, a significant effect upon accident severity. The need for
such artifacts as severity indices to arbitrarily weigh the incidence of different

" accident severity to develop a ranking is no longer necessary.

Andreassen, 1992, has pioneered this approach. Andreassen’'s average
standardizes costs for nineteen accident type groups, based on 1987-88 data for
the state of Victoria, Australia, are shown in Table 7-1. However, average costs
per accident will be somewhat different for various countries since the cost

structure will vary.

Also Table 7-2 shows costs proposed by the National Safety Council (NSC) and

the National Highway Traffic Safety Administration (NHTSA).

Jadaliah, 2000, studied accident costs by type in Palestine based on records of
the insurance companies. Accidents for cost purposes was classified as slight,
medium, sever, very sever, fatality type 1, and fatality type 2. Based on NSC
(1979), minor injury accidents was included as part of the property damage

accidents, as shown in Table 7-2. Table 7-3 shows the proposed accident costs

by type.
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Table 7-1: Costs by Accident Type
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(Obtained from Ogden, 1996)
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Table 7-2: National Safety Council and National Highway Traffic Safety
Administration Accident Cost

Source Accident Severity Cost Per Involvement

NSC (1979) Fatal $160,000
Nonfatal disabling injury 6,200
Property damage (including minor 870
injuries)
Fatality 87,175

NHTSA (1975) | Critical injury 192,240
Sever injury — life threatening 89,955
Sever injury — not life threatening 8,085
Moderate injury 4,350
Minor injury 2,190
Average injury 3,185
Property damage only 520

Source: Adapted from Highway Safety Engineering Studies Procedural Guide, U.S. Department

of Transportation, Washington, D.C., June 1981.
(Obtained from Garber and Hoel, 1996)

Table 7-3: Proposed Costs of Accident by Injury Type

T Seuer E et f'fjj;j',;‘_fs}'f‘ R
Slight or property damage only? 775
Medium ' 4,616
Sever 18,251
Very sever 62,068
Fatality 37,996

Source: Jadallah, 2000.
Note (1): Property damage (including minor injuries), as classified by NSC, 1979 (obtained from
Garber and Hoel, 1986)
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C. Discounting

Future cash flows need to be reduced to equivalent present-day values,
because the value of a dollar in the future is less than the value of a dollar today.
‘“This is referred to as discounting. There are two situations relevant to the

present analysis. There are:

The present worth, P, of a single sum of $S, n years in the future, at a discount

rate of i percent per annum is:

P=S/(1+i)n

Similarly, the present worth, P, of a stream of annual sums of 3R, at the end of

each year for n years in the future, at a discount rate of i percent per year is:

P=Rx{{(1+)"=1)}/i (1+)"}

Currently, values of discount rate range between 4 and 7 percent are commonly
used. In Palestine, the value of interest rate ranges from 5 to 6.5 percent
according to the Commercial Bank of Palestine. The appraisal period of time,
over which future benefit streams are discounted, needs to be carefully
assessed. Typically, for traffic engineering works, an appraisal period of around
five years is used {Ogden, 1996). However, a longer pericd is appropriate if
traffic is expected to be reasonably stable. Longer time periods would usually be

used for major construction projects, perhaps 10-20 yeas. In Palestine there is
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no definite value for life period of construction. Life period depends on the nature

of the construction and experience.

D. Decision Criteria

Having calculated the present value of the future stream of benefits and costs,
these are used to calculate an index, which is used to assess the worth of the
treatment, and perhaps to rank it against other candidate projects. In general,

five such criteria are in use for the economic appraisal of projects:

o Net present value (NPV)
« Benefit-cost ratio (B/C)
¢ Internal rate of return (IRR)
e Payback period
+ First year rate of return
The most common criteria are NPV and B/C. Therefare, these two methods are

discussed here.

Net Present Value:

The net present value (NPV) of a project is simply the present value, PV, of its
net benefit stream. It is obtained by discounting the stream of net benefits
produced by the project over its lifetime, back to its value in the chosen base

period, usually then present. The net present value formula is (Perkins, 1994):

NPV=5 (B;=Ci)}/(1+r)t
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Where

B; = project benefits in periodt

C; = project costs in period t

r = the appropriate financial or economic discount rate

n = number of years for which the project will operate

The decision rule for mutually exclusive projects is to accept the project with the
highest NPV. {t produces information, which is readily understood, and is easiest

to calculate.

Benefit - To - Cost Ratic Method (B / C)

The BIC is the monetary accident savings divided by the improvement cost.
Using this method, costs and benefits may be expressed as either an equivalent
annual or present worth value of the project. Any project with B/C greater than
one is considered ecénomically successful and the project with the highest ratio
is considered most considerable. The B/C technique is probably the most
commonly used of the economic analysis techniques (Highway Safety

Improvement Program User's Manual, 1981).

E. Sensitivity Test

An appraisal should always be subjected to a sensitivity test to assess how a
change in the assumptions will affect the range results. In particular, a range of
expected accident reductions should be assessed, since one can neverbe
certain as to what the actual outcome will be. Using a low and a high estimate of

possible and realistic outcomes is always good practice. If the outcome is
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favorable, even if a pessimistic forecast is used, one can be confident that the
project is worthwhile. Conversely, if the outcome is unfavorable, even with
optimistic assumptions, one can be confident that the project is unlikely to be
worthwhile. The middle ground - favorable under optimistic and favorable under
pessimistic assumptions - requires the traffic engineer to do more work to try

and get a better forecast.

F. Presentation of Results

The final phase of the appraisal process involves the presentation of the results
of the analysis to the decision-making body. Tabular or graphical presentations,
highlighting the economic benefits, the accident savings, and the expected

performance against accident reduction targets are all useful devices.

7.2.2 Goals Achievement Approach to Project Appraisal

This is an alternative to the economic appraisal approach described before. it
aims to show the extentto which altemative proposals achieve a range of pre-
set goals. The goals may be both quantifiable (e.g., economic) and non-
quantifiable {e.g., social and environmental). The essence of evaluation is to
present the decision-maker with .information about the consequences of

alternative courses of action.

Criteria or measures of effectiveness are represented in Figure 7-1, where the
one axis lists the measures, which are to be used to assess the various goals,

and the other lists the alternatives. The entries in the cells are the values of each
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measure for each alternative, in natural units (i.e., no attempt is made to reduce

the measures to common terms, such as doliars).

Theré are two specific techniques for goal achievement approach, which are:
o Goals achievement matrix

e Cost effectiveness

A. Goals Achievement Matrix

This approach takes a matrix of the form shown in Figure 7-1, with the purpose
of determining the extent to which each alternative will meet objectives that are
been set in advance. The objectives are measured in terms of the listed criteria
(Hill, 1968). In general, these objectives are the benefits to be derived, and it is

the likely success or failure in doing so on.which the alternatives are assessed.

A modification of this approach is to use a simple assessment scale to
determine whether the altemative contributes towards goal achievement (+),
whether it detracts from it {-), or has no effect (0). Weights may be introduced for
each criterion, and an overall index is calculated. For example, Cambridgeshire
County Council in the UK uses a weighting scale to reach an pverall assessment
of the score of a proposed project based on (Ogden, 1996).

« Accident (number and severity)

o Congestion

e Cyclist and pedestrian convenience and safety

e Environmental effects of traffic on residence, schools, and shopping centers

e Environmental effects of the project (trees, open space, signing, etc)
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Figure 7-1: Typical Evaluation Matrix

Source: Ogden, 1996

The advantage of these techniques is that they assist the decision-maker to
make decisions where there are disparate objectives, which cannot readily be

converted to a single measure of effectiveness, such as dollars.
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B. Cost Effectiveness

The cost effectiveness approach to decision making fits into this general
category of goal assessment. This is because it is essentially concemned with
determining the extent to which each set of alternatives contributes to the
attainment of prescribed objectives. It is most applicable where:

e There is afixed budget, and the aim is to achieve maximum results from that

expenditure.
e There are specified objectives, and the aim is to determine the cheapest way

of achieving it.

Where it differs from economic evaluation techniques is that it says nothing
about how worthwhile the objective is. There is no measure of worth or value
‘about_the objectivgs or the results of the analysis. Therefore, the cost
effectiveness approach has relevance to road safety project appraisal only to the
extent that it assists in screening and ranking alternatives. These alternatives
are essentially similar in nature and can be assessed with respect to a single
objective, such as reducing the number of accidents. For example, if an agency
has a simply expressed goal of reducing the number of accidents in total (or
perhaps reducing the number of casualty accidents, or fatal accidents), then the
economic benefits or other imhacts of remedial schemes are essentially

irrelevant to that goal.

A cost effectiveness approach, which simply lists the expected accident

reduction from each of various alternative schemes, would be appropriate to that
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goal. It would indicate to the decision-maker the set of treatments, which are

expected to have the maximum potential to reduce accident frequency.

This procedure is based upon the computation of a cost for the achievement of a

given unit of effects (a given reduction in accidents). The steps to be followed

are:

1. Determination of initial cost

2. Determination of operation cost, maintenance cost, and repair cost (OMR)

3. Selection of units of effectiveness to be used in the analysis (number of total
accidents prevented, number of accidents by type prevented, number of
fatalities or fatal accidents prevented, number of personal injuries or personal
injury accidents prevented, or PDO accidents prevented)

4. Determination of the annual benefit (cost of total number of accidents
prevented)

5. Determination of interest rate and life period

6. Determination of total annual cost (TAC)

7. Calculation of the annual benefit in terms of annual number of prevented
accidents

8. Calculation of (TAC / annual prevented accidents).

7.3 Summary

The main aim of establishing project pricrities is to determine the economic
feasibility of each set of countermeasures, and to determine the best alternative

among feasible mutually exclusive countermeasures.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



100

The first step is ranking the projects; the remedial actions for hazardous
locations. This can be achieved by economic techniques. The second step is to
identify the cost effectiveness for each countermeasure to maximize the
benefits. This also can be done by using Goals Achievement Matrix and Cost

Effectiveness Approach.

Finally, establishing project priorities gives a full justification for decision-makers.
it provides information including data about the hazard and the best remedial

actions being submitted in a simple and logical form.

For Palesting, the two methods are recommended. Cost effectiveness approach
is recommended because it has a definite and specific objective. The most
important objective is the reduction of accident severity. A cost effectiveness
approach can be applied when there is a fixed budgef and a speciﬂb objective,
as mentioned before. Furthermore, the economic appraisal is recommended to
justify the application of countermeasures at hazardous locations. The economic

appraisal gives an idea for decision-makers to make their decisions.

Therefore, the two techniques should be applied while analyzing the

alternatives.
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CHAPTER 8

IMPLEMENTATION, MONITORING, AND EVALUATION

8.1 Introduction

After determination of hazardous locations and the most economic feasibility
is determined for the countermeasures, then the next step is to undertake and
implement these countermeasures. After a period of time, these
countermeasures must be evaluated. The best evaluation must be based
upon the monitoring. Noting that monitoring is also based upon database
existing before the implementation, besides collecting data after
implementation. Monitoring is a task that did not exist on the scheduling
program fllustrated in Figure 2-1. However, it must exist because it is the most

suitable way for evaluation.

In this chapter, the purpose of monitoring is discussed, and four evaluation
techniques are illustrated. The result of evaluation should show the significant

reduction of the accident rates or frequencies due to the implementation of

specific countermeasures.

This chapter focuses on the before-and-after technique evaluation for its
widely use. In addition, the advantages and disadvantages are discussed,

also its application, common sources of mistakes made in comparing before-

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



102

and-after data, analysis of data, and a convenient significance test for

accident reduction.

8.2 Monitoring

Monitoring may be simply defined as the systematic collection of data about
the performance of road safety treatments after their implementation (Ogden,

1996). It is the way by which the effectiveness can be measured.

The Institute of Highways and Transportation (1290) defined the purposes of

monitoring as the following:

« Assess the effects of accident occurrence in relation to safety objectives

e Assess the effects on the distribution of traffic and speeds of motor
vehicles

« Call attention to any unintended effects on traffic movements or accident
occurrence

« Assess the effects of the scheme on the local environment

e Learn of public response to the scheme in terms of its acceptability in

general and peoples’ concerns

Ward and Allsop, 1982, suggested that road safety schemes potentially effect
the following parameters and thus some or all of them may need tobe
monitored. These parameters are:

e The number and type of accidents

e The severity of accidents

e The distribution of accidents over the road network
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Traffic flows and travel times

Turning movements and delays at intersections
Access times and distances within residential areas
Routes taken by motorist, cyclists, and pedestrians

Operations of buses

8.3 Challenges of Evaluation Techniques

Monitoring gives an idea about what really is happening, but evaluation

attempts to compare between what really has happened and what is expected

to happen. There are some factors (challenges) affecting this process. These

are:

There may be changes in the road environment, such as traffic flow,

enforcement, laws, etc. These changes affect the data obtained to study
the specific applied countermeasures.

The accident occurs in random and rare events, besides there are

fluctuations, which happen during the years. Nothing can be done in the
analysis, but statistical analysis justified it by what is so called regression to
the mean.

Seasonal factors must be taken into account. Some factors, which may
affect road safety, vary in a systematic way throughout the day, and others
throughout the year (rain, hours of daylight, perhaps traffic flow, etc. ). The
selection of factors such as control sites and before-and-after periods must
take these variations into account. It would be incorrect to compare the
summer (before) accident record if one was trying to assess the effect of

skid resistant pavements, for example.
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There may be a long-term trend in accident occurrence, and thus changes
over time in the number or rate of accidents ata site may merely reflect
global trends. For this reason, it is usually necessary to use some form of

control group and compare accidents at the test site with those at the

control site.

8.4 Evaluation Techniques

There are mainly four ways or techniques by which evaluation of the
countermeasures can be done after its implementation. These four techniques
are:

« Controlled experimentation

o Comparisdns using control sites

o Time trend comparison

e« Before-and-after studies

8.4.1 Controlled Experimentation

All other factors are held constant except the factor whose effect is being
investigated. This approach is rarely, if ever, applicable in road safety

engineering because in the real world it is not possible to hold every thing

constant.

8.4.2 Comparisons Using Control Sites

In this method, the before-and-after studies of the effect of a determined

treatment is made between the treated site and the control site. Before
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applying a specific countermeasure at a hazardous site, the number, rate, or
severity of accidents could be defined. After implementation, data must be
taken to a similar hazard site, which is called a control site. This must be done
to account for the changes applied on the treated site, which affect the trend
changes in accident frequency, rate, or severity. In other words, the results for
the before-and-after period at the treated site are compared with the results

for the control site. The process; therefore, involves:

e Determining in advance the relevant objectives (e.g., accident types
intended to be affected) and the corresponding evaluation criteria (e.g.,
accident frequency or accident rate).

o Identifying a control site or (preferably) a set of control sites where no
remedial works have been or are intended to be introduced.

» Monitoring both the treated site(s) and the contro! site(s) to obtain
numerical values of these criteria before the treatment and again after the
treatment.

e Comparing the ‘before’ and ‘after’ results at both the treated and control
sites.

o Considering whether there are other plausible explanations for the

changes, and correcting for them, if possible.

The control sites should satisfy the following criteria (Ogden, 1986):
« Be similar to the treated sites in general characteristics (e.g., network
configuration,  geometric standard, land use, socio-economic

characteristics, enforcement practices, etc).
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Be geographically close.

Have the same or similar traffic flows.

Not be affected by the treatment at the test site.

Not be treated in any way themselves for the period of the before-and-
after study.

Have accident records and other data (if applicable) which are
consistent in both collection criteria and coding covering the period of

the study.

The before and after periods for both the test sites and the control sites
must, of course, be the same. It is not, however, essential that the before
period be the same duration as the after period. Figure 8-1 illustrates the
number of ‘before’ accidents against the number of ‘after’ accidents at a
site, for both the test sites and control sites (County Surveyors’ Society,

1991).

The extent to which there is- & change in accidents in the after period is
indicated by the departure from the 45-degree line. If; therefore, there is a
noticeable tendency for points representing 'the treated sites to be well
below the 45-degree line compared with the control sites, this suggests tHat

the treatment is having a positive effect.
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Figure 8-1: Comparison of Accident Data Before and After Treatment

Source: OQgden, 1996.

8.4.3 Time Trend Comparisons

This technique represents a model of trend accidents over time without using

control sites. It involves (Ogden, 1996):

« Determining in advance the relevant objectives (accident types intended to
be affected) and the corresponding evaluation criteria (e.g., accident
frequency or accident rate).

« Obtaining data on each of the criteria for an extended period of time, both

pefore and after implementation of the treatment.
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Developing a model-based on the ‘before’ period.

Comparing projections based upon the model for the ‘after’ period with the
measured criteria for that peried.

Considering whether there are other plausible explanation for the changes,

and corresponding for them if possible.

This method is useful in some aspects of road safety where a substantial
couhtermeasure has been introduced at a given point in time (e.g., seat built
legislation, drink driving laws, etc) (Andreassen, 1989; Hutchinson and
Mayne, 1977). lts application to road safety engineering is more limited, since
it is difficult, if not impossible, to control for all the variables in a real world
analysis. As a result, it is very difficult to isolate the effect of a specific

treatment from many other factors, which could plausibly have had an

influence.

8.4.4 Before-and-After Technique

It is the simplest method to evaluate the effectiveness of traffic improvements.

It compares the accident record at the site before and after the

implementation of the changes. Usually the evaluation criteria used in this

method are frequency or rate of accidents. This method involves:

« Determining in advance the relevant objectives (e.g.,, accident types
intended to be affected) and the corresponding evaluation criteria (e.g.,
accident frequency or accident rate).

« Monitoring the site or area to obtain numerical values of these criteria

before the treatment and again after the treatment.
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« Comparing the ‘before’ and ‘after’ resuits.
» Considering whether there are other plausible explanations for the

changes, and comrecting them if possible.

The following items clarify the disadvantages when using this method, and

show the suitable procedure while using this technique.

1. The data, which was prepared before the study period should be taken

and be considered a trusted data.

2 The main purpose of this technique is to measure the effect of treatment,
and if this treatment has a significant effect on site or not. So, it is
necessary to determine the accidents by type, by time, and by weather
conditions. 1t will be useful to create a collision diagram for site before and
after the treatment. Accidents can be separated by a severity classification
in making comparisons as reported by the Manual of Traffic Engineering
Studies (Box and Oppenlander, 1976). Reporting of property-damage only
accidents is often erratic and not as regular as reporting of injury and fatal
accidents. Improper analyses may result if totals of all types of accidents
are compared regardless of severity, particularly whére accident frequency

is low.

3. The periods of time for before and after treatment should not be less than
one year to make sure it has the same seasonal fluctuations during the

year. The recommended of minimum period is one year; three years is
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generally regarded as a reasonable period for trends to be established and
a large enough data set to be obtained (Ogden, 1996}. Nicholson, 1987,
recommended five years from the viewpoint of statistical confidence. These
periods should exclude the period while work was in progress, and in fact, it
may be sensible to omit data from the period immediately following
implementation, while the system is ‘settling down’ (Box and Oppenlander,

1976).

4. As reported by the Manual of Traffic Engineering Studies (Box and
Oppenlander, 1976), a common efror encountered in comparisons is failure
to take account of other changes that influence traffic. For instance, if traffic
signal timing is improved at an intersection. However, at the same time
curb returns are cut back and the pavement improved, any subsequent
changes in traffic behavior or accident rates should not be attﬁbuted to the
signal improvement alone but also to the other improvements. Any changes
that affect traffic at the location under study should be taken into account. If
the improvement involves an area-wide basis, such as the institution of a
safety campaign or motor vehicle inspection program, the accident pattemns

are used on an area-wide basis to show the effect of the change.

5. Before-and-after technique must take into account the trend in the
reduction (or increment) of accident which reflect the nationwide trend. In
some countries the reduction of accident may be dominant despite there
are no treatment applied. During trend reduction, the treatment was not

actually responsible for this reduction.
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6. When using before-and-after technique, the number of accidents before
and after implementation must be divided by the 'before’ and ‘after
exposure. If traffic volume is considerably less after the change than
before, then total accident frequency would naturally decline due to
decreased traffic volume. Attributing the entire reduction in accidents to the
traffic engineering measure instituted is incorrect. A portion of the reduction

is due to decreased traffic exposure.

7 When before-and-after technique is applied, itis very important to check
the improvement to be significant, and this improvement resulting from
actual treatment, and not as a result of chance variation. Figure 8-2
indicates whether the change of data before and after treatment is

significant or not.
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Figure 8-2: Curves of Significance Test for Accident Reduction

Source: Manual of Traffic Engineering Studies by Box and Oppenlander, 1976,
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8.5 Data Analysis

When the statistical evaluation has been completed of the before and after
data, it must be known whether the treatment is effective or not. An

appropriate test of signiﬁcénce can be determined using the following

equation:

t = Xav1 — Xavz )/ (8421 Nq + 82 INp)12

Where t = statistic of the t distribution

Xay4 = mean of first sample

Xavz = mean of second sample

S, = standard deviation of first sample

S, = standard deviation of second sample

N, = number of measurements in first sample

N, = number of measurements in second sample

The computed value of (t) is then compared with the critical (t value) or (t;) as
obtained from Table 8-1 to determine the significance between the two

sample means.

The value of t,is selected in accordance with the specified level of confidence

coefficient (1-a). The value of 0.05 is often chosen for a.
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If the computed value of (t) is greater than (t.), then the difference between

the means is considered as significant and not just due to chance variation
alone. The difference between the two means is defined as non-significant
and due just to chance alone when the calculated (t) value is less than the

critical t value (t.).

Table 8-1: Table of Critical t (t.) Values
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Source: Manual of Traffic Engineering Studies by Box and Oppenlander, 1976.
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A convenient significance test for accident reduction is performed by use of
the curves in Figure 8-2. The procedure first involves computing the average
number of accidents per year before the improvement. The accident reduction
is then determined by subtracting the average annual number of accidents
before from the average annual number after the improvement. This
difference is divided by the average annual number for the before conditions

and multiplied by 100 to obtain the actual percentage of accident reduction.

This value is compared to the critical percentage figure that is obtained from
Figure 8-2 for the appropriate curve. The accident reduction is judged as

significant only when the actual percentage exceeds the critical value.

The following example was obtained from the Manuai of Traffic Engineering
Studies (Box and Oppenlander, 1976). A traffic signal was installed at an
intersection where the average annual accident total was computed to be 25
accidents per year from data collected over a three-year period. Only 18
accidents occurred in the first year after the installation was completed. The
actual percentage of accident reduction is equatl to {( 18-25)7/25}x100,
which is edual to 28 percent, and is less than the critical value of 34 percent
which is read from Figure 8-2 for curve 1. Therefore, the installation of a traffic
signal did produce an actual reduction in traffic accidents, but this reduction

was not significant at the 85 percent level.
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8.6 Summary

The simplest and applicable method of the treatment evaluation is “before-

and-after” technique. So, it is recommended to be usedin Palestine. This

method proceeds as follows:

« Determine the advance relevant objectives (e.g., the reduction of all
accidents).

e Obtain and compare the data before and after treatment.

e Consider other plausible explanations for the changes.

o 2-3years is recommended to be the period for analysis.

« The number of accidents before and after implementation must be divided

by the relevant traffic volume.

« Figure 8-2 is applied to ensure that the improvement resuiting from actual

treatment is significant.
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CHAPTER 9

ACTION PLAN

9.1 Introduction

The main objective of this research is to introduce a traffic safety program for

Palestine. First of all, there is no traffic safety program in Palestine. To establish

such program in Palestine, it is recommended to create an effective and

applicable highway traffic safety program. The suggested main framework for

this program was illustrated in Figure 2-1.

There are many factors that affect this program. Among these factors are the

following (Wilbur Smith associates Universal Group, 2000):

1.

Enact the appropriate laws and legislation covering roadway operation,
driving licensing, and vehicle licensing.

Establish the traffic courts, fines, and penalties.

Initiate communications and cooperation between the agencies involved in
roadway safety.

Establish the databank and computer works necessary for client / server
operation in conjunction with data collection, storage processing, and
statistical evaluation.

Initiate data collection programs regarding highway operational

characteristics and accident data.
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Initiate policy and guidelines for roadway planning, design, construction,
operation, and maintenance.

Establish a highway improvement program focusing on operational features
like signs and pavement markings.

Procure equipment and new technology to upgrade first aid administrated by
ambulances and hospitals.

Initiate training programs in the safety agencies.

10. Initiate roadway safety programs for school chiidren.

11. Initiate mass media roadway safety awareness programs.

The proposed system should be tested for effectiveness and workability under
local conditions. Duration of several years is needed to develop a highway
safety system. This duration is necessary to establish a database about the

highway accidents and locations.

In this chapter the framework of highway safety program is discussed. Besides,
it focuses on the main steps that should actually be applied for the Palestinian
cities. The recommended action plan discussed in this chapter is based on

steps and analysis presented in chapters 4 through 8.

9.2 Establishing a Traffic Safety Unit

To establish a considerable highway safety program for Palestinian cities, a
traffic safety unit, under the umbrella of Ministry of Transportation {(MOT),
should be established. The main tasks for this unit can be summarized as

follows:
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a)An effective coordination with the Traffic Police Department, the
municipality, Palestinian Central Bureau of Statistics, Ministry of Local
Government, and other related safety agencies.

b) Employees of the Traffic Safety Unit with high qualifications are to be
involved in traffic safety program through this unit.

c) Procure equipment that is needed in developing highway traffic safety
program.

d) Learn from international safety expertise to assist in the safety program.

e) Filing, analyzing, and applying an effective treatment for all highway
accidents, which occurred in a certain area (e.g., city). Furthermore, this unit

should establish a database for these accidents.

9.3 Collecting and Maintaining Data

it is the first main item in the highway safety program, which includes the

following items:

9.3.1 Accident Reporting and Filing System

A new police accident report is proposed in this study, as shown in Appendix C.
The existing police reports should be completely replaced with the proposed
one. The accident report is designed to be easily incorporated into a
computerized system once it is developed. Accident datacan be filed either
manually or using computers. A computer program for filing accidents is also
proposed in this research. This proposed program is user friendly. It also allows
for easy retrieval and analysis of accident data. Detailed information about this

program is illustrated in Appendix H.
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9.3.2 Accident location
It is suggested that each intersection be located by a “node.” While at midblock
it can be located as foliows: (Street name, Node, Distance away from node with

its direction) or (ST, Node, Dist.).

9.3.3 Retention of Records

In Palestine, it is recommended to adopt the following system for the retention
of accident records:

. *Active Files": these are the files that are kept current for a period of one
year (12 months). As the records of each month are recorded in the files, the
records for the same month of the previous year will be removed. After this

period, accident records will be discarded or removed to a warehouse location.

. “Dead Files”: these are the files that are removed from the active files. It ~

is suggested to maintain these files for a period of five years. After five years
these files will be discarded, except for cases that are not finished yet'at the

courthouse,

In Palestine, accident files are suggested to be stored at different locations:
1. A copy of each form goes to the local motor vehicle bureau.

2. A copy of each form goes to the highway safety agency for analytical

pUrposes.
3. A copy of each form is retained at the local traffic police office.
4. A copy of each form goes to the courthouse at the city where the accident

occurred, if the case is not resolved and needs to go to court.
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9.3.4 Accident Summary Sheet
It is very useful and practical to summarize accidents periodically for each key
location or region of the city in a summary sheet. This summary sheet should be

comprehensive and easy to read.

A proposed summary sheet for Palestine is recommended. This summary sheet

was shown in Table 4-1.

9.4 Identifying Hazardous Locations (HL)

Among several methods to identify HL, spot maps are recommended to be used
in Palestine, especially atthe early stages of implementing the highway safety
program. Besides, spot maps can create a graphical database for accident

records for a year.

It is also suggested that an accident rate method be used once the accident
safety program is more developed and data is more available and accessible. If
traffic volume data is not available, the accident frequency method can be used
to determine HL. The expected value statistical method is recommended to be

used to determine threshold values for HL.

Caution must be used while identifying HL by rate or frequency (number) of
accident method. This is because the accident frequency does not relate the
number of accident to the exposure (traffic volume). In addition, the low

volumes can cause misleading results when using the accident rate method.
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9.5 Conducting Engineering Safety Studies

When the hazardous locations are determined. The following procedures are to

be followed at each location by qualified traffic engineers:

1.

2.

Determine accident types. Then, identify probable causes using Table 6-1.
Obtain the data needed and the suitable treatment to be applied from Table
6-2, as well as the traffic engineer's professional judgement.

Conduct a field inventory of the accident location. A proposed field review
form was illustrated in Appendix G.

Establish a condition diagram, which was illustrated in Figure 6-1.

Establish a collision diagram, which was illustrated in Figure 6-2. This
diagram is a graphical presentation of accidents.

Determine alternatives to be applied at the HL. A list of alternative
treatments was presented in Table 6-3.

Détermine effective and suitable countermeasures to be applied at HL
based on both benefit/cost ratio and cost effectiveness methods.

The major recommended steps in conducting engineering studies process

for Palestine are illustrated in Figure 6-4.

9.6 Establish Project Priorities

Two methods are suggested to be used in Palestine. These methods are used
to specify the most effective countermeasures to be applied at HL. These

methods are:

1. Economic appraisal {Benefit/Cost Ratio) or (B/C)

2. Goals achievement approach (Cost Effectiveness Method).
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9.6.1 Economic Appraisal -- Benefit / Cost (B/C) Analysis
The steps to be followed in this method are:
1. Determine the initial cost (I) of implementing the safety improvement being
studied.
2. Determine the net annual operating, maintenance, and repair costs (OMR)
of implementing countermeasures.
3. Determine the annual accident reduction as shown in Appendix L.
4. Determine accident costs.
5. Determine the annual benefit or Equivalent Uniform Annual Benefit (EUAB).
EUAB = number of accidents reduced x average cost of an accident
6. Determine the interest rate (r), which is suggested to be equal to 4% for the
current conditions. This value varies according to the available price at local
banks.
7. Determine the service life of treatment (n) as éhown in Appendix | (Table I-
1).
8. Determine the Capital Recovery Factor (CRF), which is equal to
{r{(1+)}/{(1+n-1}
9. Determine the Equivalent Uniform Annual Cost (EUAC), which is equal to
EUAC = OMR + CRF x (1)

10. Calculate B/C = EUAB/EUAC.

9.6.2 Goals Achievement Method (Cost Achievement Approach)
This procedure is based upon the computation of a cost for achieving a given
unit of effects (a given reduction in accidents). The steps to be followed are:

1. Determine the initial cost of construction of the proposed treatment (1).
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2. Determine the operation, maintenance, and repair of construction costs
(OMR).
3. Select units of effectiveness to be used in the analysis (number of total

accidents prevented, number of fatalities or fatal accidents prevented,

number of personal injuries or personal injury accidents prevented, or PDO

accidents prevented).

4. Determine the interest rate (r), which is suggested to be equal to 4% for the
current conditions.

5. Determine the service life of treatment (n) as shown in Appendix i.

6. Determine the Capital Recovery Factor (CRF), which is equal to
{r{1+on}/{(1+r)-1}

7. Determine the Equivalent Uniform Annua! Cost (EUAC), which is equal to
EUAC = OMR + CRF x(l)

8. Determine the annual accident reduction factor as shown in Appendix |. |

9. Calculate the annual benefit in terms of annual number accidents prevented.
The prevented accidents = number of accidents x accident reduction factor

10. Calculate EUAC per annual prevented accidents.

9.7 Implementation, Monitoring, and Evaluation

The “before-and-after” technique is recommended to be used in Palestine for

monitoring and evaluating of the effectiveness of countermeasures. The

following procedures are to be used in this technique:

« Determine in advance the relevant objectives (e.g., the reduction of all
accidents).

¢ Obtain and compare the data before and after the treatment.
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o Take into account the trend in the reduction (or increment) of accident which

reflects the nationwide accident trend.

+ Consider other plausible explanations for the changes.

¢ Consider a two to three-year period for the before and after analysis. These
periods should exclude the period while work is in progress, and in fact, it
may be sensible to omit data from the period immediately following
implementation, while the system is ‘settling down'.

 Divide the number of accidents before and after implementation by the

relevant traffic volume.

e Make sure that the improvements are a result of the actual treatment using

Figure 8-2.

The applicable steps of this recommended action plan are applied in a safety
study at one of the key hazardous locations in Nablus City. This safety study is

discussed in details in Chapter 10.
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CHAPTER 10

SAFETY STUDY IN NABLUS CITY -

AL-HESBA INTERSECTION

10.1 Introduction

This chapter discusses the improvement of traffic safety for one of the
hazardous intersections in Nablus City. This safety study was based upon the
processes being discussed in previous chapters. This hazardous location is
Al-Hesba Intersection. In this chapter the following items are discussed:

« The identification of Al-Hesba Intersection as a hazardous focation.

e The methodology adopted to analyze the problem at the study intersection.
e Collecting accident data. |

» Analysis of accident types and causes.

e Condition and collision diagrams.

e Proposed countermeasures and appraisals.

o Evaluation of each countermeasure.

e Conclusions and recommendations.

10.2 Description

Reference to the condition diagram shown in Figure 10-1, Al-Hesba
Intersection connects between two main refugee camps: Askar Refugee
Camp and Balata Refugee Camp. Besides, it connects between the center of

Nablus City and the Vegetable Market, which is called “Al-Hesbah.” Al-Hesba
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Intersection is located on the eastern side of Nablus City. Farmers and
produce retailers transport their goods from Al-Hesba to Nablus City center.
This forms a vital movement at this intersection. Besides, this intersection
connects between the residential zone, which is called “Al-Masaken” and the

center of Nablus City. These activities resulted in a heavy movement of

vehicles.

Although, traffic signals were recently installed at Al-Hesba Intersection (traffic
signals were installed in 1999), it is still one of the most hazardous locations in
Nablus City. Several interviews were made with drivers and police traffic
experts about their perceptions of hazardous locations in Nablus City. Drivers
and police experts agreed that Al-Hesba Intersection is the most hazardous
location in Nablus City. Accident frequency and rates are discussed later in
this chapter. This is why this intersection was selected to be the subject of the

case study.

10.3 Study Methodology

The main goal of this case study is to improve traffic safety conditions at this
intersection by specifying the most effective countermeasures. The
countermeasures must minimize (or eliminate if possible) the existing
accidents. The tasks of this study include field review, existing traffic
conditions, collecting accident data, establish collision diagram, proposed
treatments (countermeasures), evaluation of each countermeasure, and

recommendations.
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10.3.1 Field Review

Field visits were made at this intersection during the midday peak hours of a
typical weekday on August, 2000. The following observations were made at

Al-Hesba Intersection during the peak hours:
It is a 4-leg intersection. The condition diagram shown in Figure 10-1

describes the existing geometry, lane distribution, sidewalks, traffic

signalization, and surrounding buildings.

2. Heavy traffic volumes existed on all approaches during the peak period of

the day.

3 Long traffic queues were formed especially from the direction of Amman

Street (Eastbound approach).

4. Pedestrian volume was low.

5. Pavement markings were faded (crosswalks, stop lines, and the lane
lines).

6. Signal lenses were well visible for all approaches.

7. Asphalt surface condition on all approaches was good.

8 Some drivers traveled at high speeds especially on Amman and Askar
Streets. Several of these drivers crossed the intersection during the amber
phase and even into the red phase.

9. The east-west approaches are not aligned properly; they are skewed.

The Field Inventory form, which is proposed in Appendix G, was filled as

shown in the same Appendix.
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10.3.2 Existing Traffic Conditions

A recent traffic volume count was conducted in July, 2001 as shown in
Appendix J. According to this count, the peak volumes on all approaches at
Al-Hesba Intersection were the following:

From Al-Hesba direction = 449 vehicles / hour

From Balata Camp direction = 343 vehicles / hour

From Askar Camp direction = 399 vehicles / hour

From Amman Street direction = 567 vehicles / hour

Based on information provided by Nabtus Municipality, the signal timing at Al-
Hesba intersection was:

Amman Street  (green time = 24 seconds)

Balata Street  (green time = 18 seconds)

Al-Hesba Street (green time = 24 seconds)

Askar Street  (green time = 13 seconds)

Yellow time on all approaches = 4 seconds (1 second before green and 3

seconds after green).

Therefore, the cycle length was 85 seconds. The intersection signal operates

as a four-phase signal.

The signal timing was also verified in the field. Signal phasing are shown in

Appendix J.
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The evaluation of the existing signal design at this intersection using the
Highway Capacity Software (HCS-3) program showed the intersection overall
level of service of D. Therefore, the intersection is congested. Detailed HCS-3

analysis is presented in Appendix K.

10.3.3 Accident Data Collection

The accident data at Al-Hesba Intersection were gathered from the Police
Traffic Department and Nablus Courthouse. Accidents were registered at a
special book at the police station ‘Registration Book.’ Every accident has its
own case number. Case numbers at the courthouse were different for the

same accidents.

‘The police accident report consisted of some useful information, a sketch
(accident diagram) and description of the accident. However, the accident

diagram prepared by the traffic police existed only at the courthouse.

Al information gathered from the police station and the courthouse for these
accidents are summarized in Table 10-1. These accidents occurred from the
period dated 1/4/1999 to 1/9/2000 after the traffic signal was installed. A
collision diagram is presented in Figure 10-2. This diagram summarizes all

accidents occurred at Al-Hesba Intersection for the study period.

The information was gathered over a period of 17 months. This study period

was from the date of installing traffic signals till the date of analysis for this
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Table 10-1: Summary of Accidents at Al-Hesba Intersection

Palestinian National Authority
Accident Summary
Country : Palestine City :Nablus
Location: Al-Hesba Intersection From : 1/4/1999 To: 1/8/2000
4/9 D w ﬁammg
111/99 24/4/99 Sat. 13:00 1 Yes D D Clear icB BR
9/5/99 Sun. 05:15 1 5 Yes D D Clear T8V RA
6/6/99 Sun. 09:30 2 Yes D D Clear T3V RA
13/9/99 Tues. | 05:10 2 Yes D 3} Clear TSV RA
344/59 23/10/99 Sat. 10:00 1 Yes D D Clear ExS RE
32000 31172000 Mon. 14:.25 2 Yes Dy W Raining Ex.S RE
342000 2711412000 | Thurs. 16: 00 2 Yes D wW Raining TSV RA
3712000 27/1/2000 | Thurs. | 13:00 1 Yes D| W Raining TSV RA
55/2000 13/2/2000 Sun. 19:00 1 Yes N w Raining P 88
140/2000 6/5/2000 Sat. 17:30 2 Yes D D Clear TSV RA
14572000 | 11/5/2000 | Thurs. { 15:00 1 Yes D D Clear TSV RA
1952000 | 15/6/2000 | Thurs. [ 11:30 4 Yes D &) Clear TSV RA
D55/2000 | 12/9/2000 Sat. 10:15 5 Yes D D Clear TSV RA,
260/2000 | 13/9/2000 | Sun. 16:30 1 Yes D D Clear TSV RA

RE Rear-End Collision Ex.S Excessive Speed D/D Day f Dry

S5 Sideswipe Collision 108 llegal occupant Bicycle Drw | Day/Wet
BR Bicycle Related Accident TSV Traffic Signal Violation N/D Night 7 Dry
RA Right-Angle Accident P Improper Passing N/W | Night/Wet
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intersection in this study. The number of accidents considered in this study
was 15 accidents per 17 months. it is equal to an average of 11 accidents per

year. The sum of all vehicles entering this intersection was 1,758 vehicles at

the peak hour.

Using a “K» factor of 0.08 for Nablus City (Jadalla, 2000), the average daily
traffic (ADT) was equal to 1,758 / 0.08, which is equal to approximately 22,000
vehicles per day. “K” factor is the ratio of peak hour volume to the average
daily volume.
Accident rate = (number of accident per year x 1,000,000) / (ADT x 365)

= (11) (1,000,000) / (22,000) (365)

= 1.37 accidents per million entering vehicles

This accident rate exceeds the threshold of the expected value for the
average accident rate, which was determined to be 0.3 accidents per million

entering vehicles for intersections of main streets.

The threshold of the expected value for the accident frequency was
determined to be 4.5 accidents per year. At Al-Hesba Intersection, the number

of accidents was 11 accidents per year, which exceeds the threshold.

For these reasons, Al-Hesba Intersection was determined to be a hazardous

location.
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10.3.4 Accident Analysis

The analysis of Table 10-1 indicated that the right angle collision was the

highest percentage (67%) of accident types during the study period at Al-

Hesba intersection. It also indicated that injury accidents were the highest

percentage (93%). Besides, day accidents were the highest percentage

(93%), dry accidents were also the highest percentage (67%}, and accidents

in clear weather condition were the highest percentage (67%). In addition, the

highest percentage for the cause of accident was the traffic signal violation

(67%). Therefore, it was concluded that the predominant type and cause of

accidents were angle accident and traffic signat violation, respectively.

Based on Table 6-1, the listing of probable causes for right angle collisions at

signalized intersections are the following:

1.

2.
3

Restricted sight distance

Excessive speed on approaches

Poor visibility of signals

Inadequate signal timing (too short amber phase)
inadequate roadway lighting

Inadequate advance intersection warming sign

Large total intersection volume

In addition, the field review confirmed the following probable causes of

accidents:
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1. Excessive speed on approaches as shown in spot speed study in

Appendix M

2. Improper of signal timing as a possible cause for vehicles to drive on

yellow and even into the red phase. Driver’s behavior is also another

possible cause of this prablem.

3. Large fotal intersection volume

The other probable causes listed in Table 6-1 were eliminated since the sight

distances were adequate on all approaches, clear visibility of signals, and

accidents occurred at daylight, as depicted from accident records.

10.3.5 Potential Safety Improvement Alternatives

Countermeasures for each probable cause of accident were shown in Table

6-3. Potential countermeasures for the study intersection are summarized in

Table 10-2.

Table 10-2: General Countermeasures for Safety Deficiencies at Al-

Hesba Intersection

e e S

e

T

1 Excessive speed on approaches

T Reduce speed I

mits on approacﬁes
Adjust amber phase

Install rumble strips

2 Too short amber phase
(improper signal timing)

Signal Retime

Provide all-red phase

Adjust amber phase

Provide progression through a set of signalized
intersections

Install signal actuation

3 Large total intersection volume

Add tane

Retime signal
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Based on the field review and Table 10-2, the suggested countermeasures at

the study intersection are:

1 - Redesign signal timing with special attention to all-red phase and amber

phase.

2 - Enforcement.

3 - Repaint all pavement markings properly.

The candidate measures depend on the available budget. However, all these

measures are relatively low cost and financially feasible.

10.3.6 Establishing Project Priorities

These measures are discussed in the following subsections. In this study, only
the modificétion of signal timing and enforcement will be analyzed as accident
reducing measures for immediate consideration. After implementation of these
measures, further analysis should be done. If the analysis indicate the need
for more measures, other actions such as implementation of rumble strips,
flashing beacons, and warning signs may be considered. Rumble strips are

discussed in Appendix N with the detailed calculations of its cost.

10.3.6.1 Retime Signal / Introduce All Red Phase
The all red phase is provided mainly for safety reasons. It allows for the

clearance of vehicles from the middle of intersection before the start of the

following green time (a new phase).
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The following equation identifies the length of yellow plus all red clearance

interval (McShane, Roes, and Prassas, 1998):
Y =t +{S,/(2a + 64.4g)} + {(W + L)/ Sp}

Where Y = sum of yeliow change plus all red clearance intervals, sec.
t = reaction time (taken to be 1 second)
So = initial approach speed of vehicle, feet per second (fps)
g = percent grade

a = deceleration rate of vehicles, ft/ sec? (10ft/ secz)

W = distance from the departure stop line to the far side of the

farthest conflicting traffic lane, ft

L = length of standard vehicle, usually taken to be 20 ft (6m)

At Al-Hesba lntersectién, the distance for the stop line at Amman Street to the
potential conflicting traffic lane was computed at site to be equal to 20m (85.6
feet). Based on a spot speed study conducted at this intersection, the
approach speed was calculated to be 44 Km / hr (40.1 fps) (which is the 85th

percentile speed as shown in Appendix M).

Applying the above equation
Y =1 + {40.1 /(2 x 10)} + {{(20 + 65.6)] / 40.1}

= 5,14 seconds.

Use: Yellow interval = 4 seconds
Ali red interval (needed) = 5.14 -4

= 1.14 seconds
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The calculated all red intervals for the other three approaches ranged

between 1.16 seconds and 1.18 seconds.

Thefefore, one second of all red was introduced for each phase and the
existing phasing was maintained. As a result of this, green intervals were
adjusted to maintain a cycle length of 95 seconds. The improved signal timing

is shown in Appendix J.

The capacity analysis of the new signal timing for the study intersection was
conducted using HCS-3 software. The signal timing was slightly adjusted to
maintain balanced levels of service {LOS) on al! approaches. The comparison
of LOS for existing and new signal timings is presented in Table 10-3.

Detailed HCS-3 worksheets are presented in Appendix K.

Table 10-3: Performance Measures for Existing and Proposed Signal

Timings
Cycle Length | Intersection Delay Intersection
(Sec.) (veh/sec.) LOS
Existing Condition 95 37.7 D
New Timing 95 40.3 D

10.3.6.2 Police Enforcement
Excessive speeds were observed in the field and accident records indicated
that there were several accidents caused by excessive speed. Therefore,

speed limits should be enforced. High fines should be imposed on drivers who

violate the speed limit on all approaches at Al-Hesba Intersection. This action
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requires the availability of policemen at the intersection to control speed
violators. Police enforcement is also needed to control the problem of traffic
signal violations. A general work schedule for policeman is introduced in a

later section in this chapter.

10.3.6.3 Pavement Marking

it was noticed in the field review that stop lines and crosswalk markings on all
approaches were completely faded. This situation created confusion for
drivers, especially since approaches are skewed. Therefore, this measure
(new pavement marking) is very essential to be applied. The impact of this on
reducing accidents is minimal. Therefore, its numerical impact on the overall

accident reduction was ignored.

10.3.7 Evaluation of Countermeasures
There are two methods to evaluate countermeasures, as mentioned in section
7.2, these are;

1. Economic appraisal

2. Goals achievement approach

10.3.7.1 Economic Analysis

Costs are the capital and continuing costs for constructing and operating the
proposed countermeasures. Benefits are the expected number of prevented
accidents. The Benefit/Cost ratio method and cost effectiveness, which were
recommended for use in Palestine, are the criteria that were applied at Al-

Hesba Intersection safety study.
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A. Expected Reduction in Accident Due to Safety Improvement

At Al-Hesba Intersection, all suggested measures are to be applied. The

overall accident reduction factor is obtained from the individual accident

reduction factor according to the following equation (Garber and Hoel, 1996).

ARm =AR{ +(1-AR1)AR2 +(1-AR1)(1=AR2) ARz + ... ccoooonrrnnnt
(1-ARm-1)ARn.

Where

AR, = overall accident reduction factor for multiple mutually exclusive

improvements at a single site.

AR; = accident reduction factor for a specific countermeasure.

m = number of countermeasures at the site.

It is necessary to fist all the individual countermeasures in order of
importance. The countermeasure with the highest reduction factor will be

listed first, and its reduction factor will be designated AR,. The

countermeasure with the second highest reduction factor will be listed second

and its reduction factor be designated as AR, , and so on.

Table 104 presents all the suggested countermeasures, which are tobe
applied at Al-Hesba Intersection. Besides, it presents the average accident

reductions, life period of the applied measures, and the sources of these

information.
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The resultant accident reduction, when applying the above equation, was AR

= 0.44 percent.

Table 10-4: Average Accident Reduction and Life Period

e

rModiﬁcation o} xirs'tingwtrafﬁc'
AR, = 30% 10 | ITE, 1992
signal

Enforcement AR, =20%* NA | Ogden, 1996

« Reduction will be applied to accidents that may be potentially affected.
NA: Not applicable
+ The same reduction for installing of red light camera.

B. Accidents Cost
Based on Jadallah, 2000, the cost of accident per injury type was summarized

in Table 7-3.

C. Benefits of Accident Reduction

From the above calculation, Ar,, = 44%.

Number of related fatality accidents (for the study peried of 17 months) 1
Number of related slight injury accidents (for the study period of 17 months) =12

Total number of accidents (for the study period of 17 months) =15

The remaining two accidents were discarded because these accidents were
unusual. The first accident described that a bicycle hit the rear of a vehicle.

This case was rare (case number is 111/99) and was not related to the
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deficiencies discussed before. The other discarded accident was a broken
vehicle stopped at the corner of intersection, which was struck by the

improper passing vehicle from the right side.

According to the computed resultant accident reduction, the benefit that could
be gained by the accident reduction is as follows:
Fatality accident reduction = 44% x 1 = 0.5 accident (one accident per

two years)

Slight injury accident reduction =44%x12=35 accidents per year

D. Benefits in U.S. Dollars

According to Table 7-3, the costs of prevented accidents are:

Fatality accidents = 0.5 x 37,996 = $18,998
Slight injury accidents =5 x 775 =$3,875
Total = $22,873

This benefit was for accidents obtained over a period of 17 months. Therefore,

the annua! benefit would be 22,873 (12 / 17) = $16,145.

E. Coéts of Measures

o Enforcement

The average monthly salary of a traffic policeman is approximately $300. The
estimated needed work schedule for policemen at this intersection is 4
policeman-hour for three days a week, which is equal to 52 hours per month.

So, the salary of this part time, which is equal to 0.3 of month, is equal to $90.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



143

o Pavement Marking
At Al-Hesba Intersection, the areas of all markings were computed to be 175
square meter. Several local contractors priced this item to be $2.5 / square

meter. So, the total cost for this measure is equal to $437.5.

Retime Signal

The cost of signal re-timing is minimal; therefore, it was ignored.

The initial cost, annual operating cost, annual maintenance cost, and total

annual costs of all measures are presented in Table 10-5.

Table 10-5: Initial, Annual, and Maintenance Costs of Enforcement and

Pavement Marking

Initial Cost ($)
- 3
Measure = £l [S85_| Ta
5. |zis |ig| & |zRie| W
32 |E |3 g% <3
t | E S8 |- =
b O ¢ ) Q
Enforcement 12
{Salary of No. months | 1 1080
Policemen) x 90
Pavement M2 25 |175| 4375 | 3 | 036 100 258
Marking
Total 1338
Notes:

The Capital Recovery Factor (CRF) is the factor, which converts a fixed payment or present value at the
beginning of a project's life into an equivalent fixed pericdic payment.

CRE={r(1+r)"}/{{(1+r)~1}
The total annual cost (TAC) is simply the initial cost times the capital recovery factor plus the annual
operation, maintenance, and repair {OMR) costs.
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Detailed calculations are presented in Appendix L.

F. Benefit/Cost (B/C) analysis
Equivalent uniform annual benefit = $16,145
Equivalent uniform annual cost = $1338

B/C = $16,1457 31338 =12

10.3.7.2 Goals Achievement Approach
As mentioned in item 7.2, there are two specific techniques for goal
achievement approach, which are:

1. Goals achievement matrix.

2. Cost Effectiveness.

As recommended before, B/C ratic and cost effectiveness methods will be

used at Al-Hesba Intersection.

Based on the previously mentioned steps of the cost effectiveness method,
the TAC =%$1338. The total average number of annual accidents prevented is
equal to (44%) (12/17) (13) = 4 accidents. Therefore, the cost effectiveness is

equal to $1338/4 = $335 per accident.

10.4 Conclusion
There were several factors that might have contributed to the high number of

accidents at Al-Hesba Intersection. These factors are:
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e The existing traffic signal phasing design, especially the short amber
phase.

« Violation of the traffic signal as a result of the lack of enforcement.

s All pavement markings, such a.s stop lines for vehicles, crosswalks for
pedestrian, and lane lines were completely faded.

e Careless drivers.

Several countermeasures were suggested for implementation. The
benefit/cost analysis showed that applying the potential countermeasures
shown in Table 10-2 were beneficial in reducing accidents relative to their
costs. The results of treatments were:

1. Benefit/cost ratio =12

2. Cost effectiveness = $335 per accident

Based on these results the pricrities for implementation of countermeasures is

retiming of signal, enforcement, and paverent marking.

it is also recommended to impose monetary fines on drivers who violate traffic
Jaws. Paying citation fee makes drivers take good care and give their full

gttention while driving.
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CHAPTER 11

CONCLUSIONS AND RECOMMENDATIONS

11.1 Introduction

The aim of this study is to develop a general highway safety program for -

Palestine with Nablus City as the case study. This program consists of three
components. These components are planning, implementation, and evaluation.
This study focused on the planning component. The planning c'ofﬁponent
consists of four processes. These are:

1. Collect and maintain data

Identify hazardous locations

Conduct engineering studies

AN

Establish project priorities

The study also focused on monitoring and evaluation of treatments. Applying

such a program will improve highway safety in Palestine.

11.2 Conclusions

The study of the components and processes of the highway safety program

resulted in the following conciusions:
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Existing safety program

a) There is no existence of a traffic safety program in Palestine.

b) The main function of the existing traffic accident procedures is just to judge
between the involved parties of an accident.

c) No analysis techniques of accidents exist.

d) Property damages only (PDO) accidents were not reported.

e) No systematic approach of collecting and retrieval of data.

f) Collecting and filing data are done manually.

g) Recently, the police department started to use the computer just to keep the

facts of accidents in the computer memory.

2. Collecting and maintaining data process
a) A new police accident report form should be established. This form has to be
comprehensive and serves all involved parties such as police, insurance
companies, and traffic engineers. This form can be used manually or
computerized. A new police accident report is designed and recommended

for use in this study.

b) A summary sheet should be used to record all the accidents at each location

or for all locations for analytical purposes, and to maintain accident data. A
summary sheet is designed and provided in this research. The location of
intersection could be located by node number, while the location of

intersection could be located by Street name, node number, and distance

with its direction.

c) The accident locations should be determined by the link-node method.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



148

3. Identifying hazardous location process

a) Spot map methods should be used at the initial stage to determine the
hazardous locations.

b) In case of available traffic volume data, the accident rate method is
recommended for use to determine the hazardous location. in the absence of
traffic volume data, the accident frequency method is recommended for use
to determine the hazardous location. The recommended values of these

thresholds are the following:
Accident Frequency Thresholds

Overall intersections Ev = 3.3 accidents / year

{Main/Main intersections) Ey = 4.5 accidents / year

(Main/Collector intersections) ~ E, = 3.5 accidents / year
(Collector/Collector intersections) E, = 2.0 accidents / year
At all links {Mid-block) E, = 3.3 accidents / year

At main links E, = 4 accidents / year

Accident Rate Thresholds

Qverall intersections E,=04 accidents / MEV / year
(Main/Main intersections) E, = 0.3 accidents / MEV / year
Main links E, = 0.8 Accidents / MEV. Km / year.

4. Conducting engineering safety studies
The following actions should be used through the highway safety program to
facilitate the engineering analysis.

a) Obtain data from the police accident report form.
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b) Conduct field review.
¢) Establish a condition diagram.

d) Construction a collision diagram.

5. Establish project priorities
The methods that are recommended for use to determine the effectiveness of
treatments are:
a) Economic method — Benefit/Cost (B/C) ratio methed.

b) Goals achievement method (cost effectiveness method).

6. Implementation, monitoring, and evaluation
There are several techniques to evaluate the implementation of treatments. In
Palestine, “Before-and-After” technique should be applied to measure the

effectiveness of implemented treatments at hazardous locations.

7. Safety study

Several recommended countermeasures at the study site of Al-Hesba
intersection will plan an effective role to provide safety improvements, such as
rumble strips, enforcement, flashing beacons and warning signs, and modifying
of the traffic rsignal. The B/C ratio for the proposed alternatives was 12 and the

cost effectiveness method yielded a $ 335 per accident.

8. Ingeneral

In Palestine, there are several challenges facing the development of a safety

program. Among these challenges are:
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a) Proper budget allocation
b) Political conditions
c) Effective use of local experience

d) Lack of central agencies ta improve safety in general

11.3 Recommendations

This study showed the importance of developing and applying the suggested
highway safety program. As a result of this study the following

recommendations were depicted:

1. The elements of the safety program presented in this thesis are general
outline, which form the first step to establishing a more detailed and
comprehensive safety program in Palestine. It is recommended that other
serious efforts shouldr be started to build this program based on the steps and
procedures established in this research.

2. It is recommended that the suggested element of the highway safety
prdgfam forms and computer software in this study as well the process be
implemented. This program can be implemented gradually to fit the budget
and required expertise.

3. It is recommended to apply the suggested countermeastres at Al-Hesba
[ntersection.

3. Establishment of a centralized agency for each city among Palestinian cities
to adopt the suggested highway safety progr'eirhs is also necesgary to

maintain and operate this program.
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To enrich the accident data bank, it is recommended to establish a
centralized unit in Palestine to gather accident’s information (locations, types,
causes, data, time, etc.) for all cities in Palestine.

It is recommended to conduct researches, which study each process of the
components for the suggested highway safety program (Figure 2-1) in
details.

To improve safety in Palestine, the following measures are recommended:

a) Removal of drivers with bad accident and violation records from the

roadways by suspending their licenses.

b) Enforce traffic laws strictly by punishing all violators.

7.

10.

11.

Establish a “Palestinian Traffic Safety Law”, which will facilitate police
enforcement.

The Palestinian Authority must procure equipment and technology for traffic
police enforcement and accident reporting.

Traffic police should have adequate computer facilities for administration
and reporting. Traffic police must be trained on the use of new equipment
and procedures regarding traffic operations, accident reporting, and safety.
Prepare a detailed design standards manual to be applicable in Palestine.
This manual will be complimented with highway safety program to eliminate
the hazards of accidents. |

It is recommended to hold seminars and lectures to enrich the knowledge of

traffic police experts. This will be helpful in the analyzing highway accidents.
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APPENDIX A
EXISTING
COURT REPORT
AND

PROPERTY DAMAGE ONLY REPORTS

IN NABLUS CITY
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Figure A-1: Court Report (Continued)
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Figure A-1: Court Report (Continued)
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Figure A-1: Court Report (Continued)
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Figure A-2: Property Damage Only Report
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APPENDIX B

POLICE ACCIDENT REPORT FORMS

BY DORNIER SYSTEMCONSULT, 2000
AND

BY GARBER AND HOEL, 1996
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Figure B-1: Domier SystemConsult Police Accident Report Form
Source: Kobari, 2000
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Figure B-2: Virginia Accident Report Form
Source: Garber and Hoel, 1936
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APPENDIX C
PROPOSED POLICE ACCIDENT REPORT

(IN ENGLISH AND ARABIC)
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Page 1 | Palestinian National Authority
Traffic Administration
Police Accident Report

“ase Number Date of File Report
Location Of Accident
Day of . .
Wock Day | Month | Year | Time | City
date of Accident Village
At Intersection

date of reporting

Vumber of vehicles involved

At Mid Block

Identification No.

No. of Drivers License

Degree of License

Name

Address

Date of Birth

Vehicle Make

Type and Color

| Vehicle Use

License Plate Number

Vehicle Production Year

Date of Issuing vehicle
| License

Expiry Date of Vehicle
License

| Insurance Company

| Policy No. of Insurance
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Page 2

Palestinian National Authority
Traffic Administration
Police Accident Report

~ase Number

2ight angle collision at signalized intersection

Sideswiped opposite direction

+—
2
dight angle collision at unsi gnalized intersection 2 Sideswiped same direction 12 8
oft-turn head on collisions 3 ﬁfg“j::g vehicle collided with parked 3|9
Right-turn head on collisions 4 Moving vehicle with fixed object 14 §
Rear-end collisions at signalized intersection 5 Moving vehicle with stopped vehicle 15 —
Rear-end collisions at unsignalized intersection 6 Moving vehicle backing against traffic 16 ©
Pedestrian —vehicle collision (at roadway) 7 Moving vehicle and bicycle in collisions 17 _@
Pedestrian —vehicle collision (at sidewalk) 8 Skidding of vehicle 18 4§
Head-on collisions 9 Unknown 9% 1.
Over-turn vehicle 10 Other 99 %
3
=]
>
FExcessive speed 1 1 1 | Improper right turn 18118} 18 rﬁ
Improper passing 2 2 2 | Missing r.o.w for Pedestrian 19 1 19 | 19 @
Driving not at right side 3 3 3 | Missing r.o.w for other vehicles 201 20| 20 g
Driving under influence of alcohol 4 4 4 | Driving anti road direction 21 | 21 | 21 &=
Pedestrian under influence of alcohol 5 5 5 | Poor visibility of signals 2122 22
Changing lane unsafely 6 ] 6 | Restricted sight distance 23123 | 23 =
Traffic signal violation 7 7 7 | Inadequate signal timing 24 | 24 | 24 .]
Stop sign violation 8 8 | 8 | Following too closely 25 | 251 25 --'5
Other traffic control violation 9 9 9 | Improper Load 26| 261 26 P
Falling asleep 10 | 10 | 10 | Improper vehicle brakes 27 | 27 | 27
Dazzling 11 | 11 | 11 | Impropercarriage way 28 | 28 | 28 ip
Improper illumination 12 | 12 | 12 | Opening of vehicle's door from 29| 29| 29
lef? side D
Hlegal occupants bicycle 13 | 13 | 13 | Sudden stopping 30| 30 | 30_
Leaving curb 14 | 14 | 14 | Slippery surface 31 {31 31 :E
Pedestrian crossing not safely 15 | 15 | 15
Careless Driving 16 | 16 | 16 | Unknown 98 | 98 | 98
Improper left turn 17 | 17 | 17 | Other 99 | 99 | 99




Palestinian National Authority

Page 3 Traffic Administration
Police Accident Report
“ase Number Date of File Report
Environmental Conditions =
‘D
Q
i . e | B
Clear 1| Dry 1! Stop Sign 1| Dawn 1| Divided Straight 1| Asphalt a
Cloudy |2} Wet 2| Yielding 2| Daylight | 2{ Undivided Curve 2| Concrete 8
Raining, | 3| Icy 3| Traffic Signal | 3] Dusk Intersection | 3| Gravel =
Snowing | 4| Snowy | 4| Policeman 4| Darkness 4| Dirt —
Y
Foggy 5 5| No Control 5| Artificial ©
| Light o
Other 6| Other | 6| Other 6| Other 6| Other Other 6| Other o
O
Injuries and Fatalities Information é
[s]
P
N
5
1. 2
2. =
3. ‘D
4, O
S.
6. =
7. =
8.
0. §
10. =
11
12. K
13. y
14. =
15. S
Number of Injuries <

Number of Fatalities




Palestinian National Authority

Page 4 Traffic Administration
Police Accident Report
Case Number Date of File Report

Signature of Police Expert

North direction should be indicated
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APPENDIX D
CALCULATIONS OF EXPECTED VALUES AT
INTERSECTIONS AND LINKS

(IN GENERAL)
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Table D-1; Calculation of Expected Value of Accident Frequency at

Intersections in Nablus City

Number of Accident Per

Annuatl

Number of

Two Years In?:gggt?;sn it; ) |mersigc;tlons Relative Frequency Fxu Fxu
11 55 1 0.008 85 30.25
8 4 5 0.040 20 80
7 3.5 2 0.016 7 24.5
6 3 3 0.024 9 27
5 25 8 0.065 20 50
4 2 12 0.097 24 48
3 1.5 12 0.097 18 27
2 1 29 0.234 29 29
1 0.5 52 0.419 26 13
Total 124 1 158.5 328.75
Kev = 1.278
SD= 1.013
Ev= 3.263174224

SD=SQRT{(EFXu2- (EFXu)2/EF)/F1}
= SQRT {(328.75-158.52/124)/123}

= SQRT 1.02

=1.013

Z =1.96 for 0.95 confidence level.

Ey = Xgy £ 28

=1.278 +1.96 (1.013)
=3.263,-0.707
= 3.263 (approximately 3.3 accidents)
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Table D-2: Calculations of Expected Value of Accident Rate at

Intersections in Nablus City
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Intersection ID Intersection Name Accident Rate(X) | X-Xav | (X-Xavy
444 Al-Adel 0.927 0.601 0.362
695 Al-Hesba 0.791 0.465 0.217
586 Al-Hodhod Company at Alguds Street 0.679 0.353 0.125
426 Palestine / Sufian 0.679 0.353 0.125
266 Al-Kefair f A-Mraj 0.581 0.255 0.085
335 Al-Montazah Circle 0.563 0.237 0.056
324 Western Cemetery 0.505 0.179 0.032
608 Abd-Al-Naser / Al-Quds 0.480 0.154 0.024
184 Rafidia Hospital 0.408 0.0c82 0.007
339 Al-Fatemyia 0.368 0.042 | 0.002
161 Omar ibn Al-Khattab / Rafidia 0.321 -0.005 0.000
367 Haifa / Prince Mohammad 0.298 -0.028 0.001
528 Al-Ashghal 0.256 -0.070 0.005
415 Al-Anbeya’ 0.244 -0.082 0.007
118 Al-Haj Ma’zooz Mosque 0.205 -0.121 0.015

92 Haifa-Jafa 0.205 -0.121 0.015
637 Abd-Al-Naser / Health Directorate 0.163 -0.163 0.026
338 Ahmad Al-Shaka® / Prince Mohammad 0.157 -0.168 0.028
451 Al-Dowar / Old Balata Tad Station 0.132 -0.194 0.037
484 Al-Haj Nemer Mosque 0.131 -0.195 0.038

2070 Faisal / Al-Rahebat 0.129 -0.197 0.039
540 Othman Mosque 0.118 -0.208 0.043
622 Enterance of Balata Camp 0.116 -0.210 0.044

24 Al-Motonabi / Hifa 0111 -0.215 0.046

23 Faisal / Al-Hijaz 0.101 -0.225 0.050
4846 Heteen Faisal 0.062 -0.264 0.069
425 Ghemata / Al-Dowar 0.059 -0.267 0.071

SUM = 8.789 1.549
Xav = 0.326 For two years Ey = 0.804
S = [o244 Foroneyears | Ey = 0.402

Note: These are the only intersections in Nablus City, which have traffic volume data.
ID: Identification number as mentioned by Kobari, 2000.

E, = 0.4 MEV




Table D-3: Calculation of Expected Value of Accident Frequency at Links

3

Number of Accidents

Number of links

per Two Years (u) (F) Fu Fu 2
1 a8 98 98
2 40 80 160
* 22 66 198
4 15 60 240
s 7 35 175
6 S 30 180
¢ 2 16 128
° 2 18 162
10 1 10 100
12 1 12 144
1 2 28 392
Total 795 453 5
Xav 2.323 F,?;;:"s° Ey= | 6.602
SD 2.183 Foear. | Ev= | 3301
E, to be used = 313
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APPENDIX E
CALCULATION OF EXPECTED VALUE FOR THE
ACCIDENT RATE AT THE INTERSECTIONS OF MAIN

STREETS IN THE CITY OF NABLUS
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Calculation of Expected Value for the Accident Rate at the Intersections
of Main Streets in Nablus City

NO. Accident Rates (X) X-X,y (X- xav)z
1 0.00 -0.19 0.04
2 0.00 -0.19 0.04
3 0.00 -0.18 0.04
4 0.00 -0.19 0.04
5 0.79 0.60 0.36
e] 0.48 0.29 0.08
7 0.12 -0.07 0.01
8 0.16 -0.03 0.00
9 0.26 0.07 0.00
10 0.21 0.02 0.00
11 0.10 -0.09 0.01
12 0.00 -0.19 0.04
13 0.13 -0.06 0.00
14 0.06 -0.13 0.02
15 0.06 -0.13 0.02
16 0.13 -0.08 0.00
17 0.10 -0.09 0.01
18 0.00 -0.19 0.04
19 0.11 -0.08 0.01
20 0.68 0.49 0.24
21 0.37 0.18 0.03
22 0.30 0.1 0.01
23 0.56 - 037 0.14
24 0.16 -0.03 0.00
25 0.32 0.13 0.02
26 0.00 -0.19 0.04
27 0.21 0.02 0.00
28 0.00 -0.19 0.04

SUM 5.30 1.25

Xav 0.19

S.D 0.21
E, for 2 years | 0.61 acc/MEV
E, for 1 years 0.31 acc/MEV

rEv taken to be ‘ 0.30 acc/MEV J

Note: Accident rate were obtained from Kobari, 2000.
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APPENDIX F
CALCULATION OF EXPECTED VALUES FOR THE
ACCIDENT RATE AND ACCIDENT FREQUENCY

AT MAIN ROADS
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Calculation of Expected Value for the Accident Rate at
Main Streets (Mid-block)

Street Name Accident Rate (X) X-X,y (X-X av)2
Nemer i) 10505238095 | 0.25526553
Shouytra 0 -0.505238095 0.25526553
Zoiot 1.16 0.654761905 0.42871315
Askar-Balata 2 1.494761905 2.23431315
Sofian 0.49 -0.015238095 0.0002322
Ashaka’ 0 -0.505238095 0.25526553
Hesba 0.64 0.134761905 0.01816077
University 0.35 -0.155238095 0.02409887
Douar 0.32 -0.185238095 0.03431315
Askar 0.57 0.064761905 0.0041941
Ghemata 0.54 0.034761905 0.00120839
Rafidia 0.37 -0.135238095 0.01828934
Palestine 0 -0.505238095 0.25526553
Mohammad 0 -0.505238095 0.25526553
Alguds 1.16 0.654761905 0.42871315
Haifa 0.71 0.2047619205 0.04192744
Fisal 0.97 0.4647615805 0.21600363
Amman 0.72 0.214761905 0.04612268
Jamal 0.61 0.104761905 0.01097506
Jamal-Amman 0 -0.505238095 0.25526553
Kendi 0 -0.505238095 0.25526553
Summation 10.61 5.29412381
Average of accident rate (X;,) 0.505238095

sSD 0.514496055

E, = Xgy + 1.96 * S.D (For two years) 1.513650363 ace/million.veh.Km

E, = Xay + 1.96 * S.D (For one year) 0.756825181 acc/million.veh.Km

Taken to be 0.8
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Calculation of Expected Value for the Accident Frequency at Mai

n Links

Taken to be 4

Street Name Number of Accident {X) X=X (X - X, )2
Nemer 0 -6.309524 39.81009
Shouytra 0 -6.309524 | 39.81009
Zoiout-A 7 0.690476 0.476757
Zoiout-B 4 -2.309524 5.33381
Askar-batata 6 -0.309524 | 0.095806
Sofian-A 0 -6.309524 | 38.81009
SofianB 6 -0.309524 0.095805
Shaka' 1 -5.300524 | 28.19105
Hesba 11 4690476 22.00057
Univesity-A 4 -2.309524 5.333901
Univesity-B 2 -4,309524 18.572
Douar 2 -4.309524 18.572
Askar 17 10.690476 {114.2863
Ghernata 2 -4.309524 18.572
Rafidia 1 14 7.690476 59.14342
Rafidia 2 8 1.690476 2.857709
Palestine-A 0 -6.309524 | 39.81009
Palestine-B 0 -6.309524 | 39.81009
Mohammad 5 -1.309524 1.714853
Alquds 49 42.690476 | 1822.477
Haifa1 4 -2,309524 5.333901
Haifa 2-A 22 15.690476 246.191
Haifa 2-B 5 -1.309524 1.714853
University 1 -5.309524 | 28.19105
Mohammed 0 -6.309524 1 39.81009
Fisal 1 18 11.690476 | 136.6672
Fisal 2-A 4 -2.309524 5.333901
Fisal 2-B 9 2.690476 7.238661
Fisal 2-C 6 -0.209524 0.095805
Fisal 3-A 0 -6.309524 | 39.81009
Fisal 3-B 4 -2.309524 5.3335801
Fisal 3-C 1 -5.309524 |28.19105
Fisal 3-D 3 -3.300524 10.95295
Fisal 3-E 3 -3.309524 10.95295
Amman-A 2 -4,309524 18.572
Amman-B 25 18.690476 | 348.3339
Jamal-A 3 -3.309524 10.95285
Jamal-B 14 7.690476 59.14342
Jamal-Amman 2 -4.309524 18.572
Kendi 0 -6.300524 }39.81009
Soliman 0 -5.309524 | 39.81009
Tunis 1 -5.309524 1 28.19109
Summation 265

Average of accident frequency (X,) 6.30952381

S.D 0.829208337

E,=Xgy +1.967 S.D (For two years) 7.83477215 acc / two years

E,= Xay + 1.96 " S.D (Fortwo years) 3.967386075 acc/ year
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APPENDIX G

FIELD INVENTORY FORM
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1
FIELD INVENTORY FORM

DATE
GOVERNORATE CITY LOCATION
Road type {1 midblock [intersection
Number of legs of intersection O3 a4 O Muiti
Pavement markings [J Good condition [J Poor condition [JDoesn’t exist
Median Opening
Roadway  EastApproach  [] Divided Dlundivided OYes ONo
West Approach L] Divided Cundivided O Yes O No
South Approach [ Divided Olundivided 0 Yes {1 No
North Approach [ Divided (Jundivided O Yes O No
Number of [anes EB ....... Ianes
WB ...... lanes
SB . lanes
NB . lanes
Horizontal alignment N-S O Straight O Curve
Ew  [J Straight O curve
Vertical alignment N-8 [ Gradient 0 Level
E-W (] Gradient U Level
Shoulder East Approach L1 Yes O No Widh= m
West Approach O ves 0 No Width= m
South Approach O ves O ~o Width= m
North Approach 0] Yes U No Width=m
Sidewalk East Approach [ Yes O No Widh= m
West Approach [ Yes O No Widh= m
South Approach 0 ves O No Width= m
North Approach [ Yes 1 No Widh= m
Drainage facilities O Good 0 Poor O Doesn’t exist
Surface type O Asphalt (] concrete [ Gravel O pin
Roughness [ Rough [} Smooth
Surface defects (] Rutting DPotholes DCorrugation O Bleeding

DRave!ing [J Nothing Loters
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Traffic control Ostopsign Ulyieldsign [ Traffic signal
[J Policeman [ No control
Parking control in the vicinity DParking O No parking
Loading facilities in the vicinity ] Yes L] No
Land uses ] Commercial [ Residential [}Industrial U schoot zone
OMixed O Other
Night light condition [ Good O Fair [J Poor
Speed limit EB = Km/h
WB = Km/h
SB = Km/h
NB = Km/h
Roadside feature
Poles Ugast Approach U west Approach Osouth Approach UNorth Approach
Rocks OEast Approach [West Approach Osoutk Approach {North Approach
Side slopes OEast Approach O west Approach i South Approach [(INorth Approach
Trees [JEast Approach O west Approach [JSouth Approach [I1North Approach
Safety barriers UEast Approach O west Approach O south Approach [INorth Approach
Other OEast Approach [IWest Approach O south Approach Unorth Approach
Visibility of traffic control devices EB [ Good [ Fair O Poor
wB [ Good [ Fair [ Poor
s [ Good [ Fair O Poor
NB [ Goed [ Fair O Poor
Sight distance EB [ Good [ Poor

wB D Good [ poor
SB O Good D Poor
NB [ Good (0 Poor
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FIELD INVENTORY FORM

DATE W/ §/2000

GOVERNORATE Fuleshirg CITY Mabus — LOCATION Al Hesba Tat.

Road type 0 midblock Rintersaction
Number of legs of intersection 03 4 U Multi
Pavement markings [J Good condition &} Poor condition LI Doesn’t exist
Median Opening
Roadway  East Approach Divided T undivided Yes ®No
West Approach X Divided " undivided O Yes M No
South Approach [ Divided _ undivided O Yes X No
North Approach ] Divided  undivided O Yes ® No
Number of lanes EB ..2.. lanes
WB .. 3... lanes
SB .3... lanes
NB ..3... lanes
Ho:;izontal alignment N-5 X Stmight : O curve
E-W Straight O Curve
Vertical alignment N-S [ Gradient X Level
E-W 4 Gradient U1 Levet
Shoulder East Approach U ves ¥ No Width= m
West Approach U Yes ™ No Width= m
South Approach 0O Yes X! No Width= m
North Approach [ Yes '  No Width= m
Sidewalk East Approach £ Yes — No Width=2 m
West Appreach ™ Yes —No Width=3 m
South Approach &8 Yes _ No Width=3 m
North Approach ] Yes L No Width=2 m
Drainage facilities 0 Good X: Poor t | Doesn't exist
Surface type X Asphalt  Concrete il Gravel _i Dint
Roughness K Rough — Smooth
Surface defects L] Rutting —_Potholes :Corrugatjon {_} Bleeding

15_1}{2.1\u=,-1ing — Nothing ~_Others
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Traffic control Ostopsign  Ulyield sign X Traffic signal
O Policeman I No control
Parking control in the vicinity [Ciparking X No parking
Loading facilities in the vicinity 0 Yes % No
Land uses ® Commercial [ Residential [JIndustrial [J School zone
[ Mixed Ol Other
Night light condition N Good L Fair O Poor
Speed limit EB = 52 Km/h
WB =52 Km/h
SB =g Km/h
NB = 52 Km/h
Roadside feature
Poles M East Approach IXI'West Approach ™ South Approach X North Approach
Rocks UEast Approach Cwest Approach (Jsouth Approach UNorth Approach
Side slopes UJEast A proach [ west Approach U] South Approach {INorth Approach
Trees Ogast Approach [Jwest Approach [Jsouth Approach {INorth Approach
Safety barriers UEast Approach TIwest Approach {_ISouth Approach {ONorth Approach
Other LIEast Approach [Jwest Approach {ISouth Approach UONorth Approach
Visibility of traffic control devices ~ EB Good [l Fair ] Poor
wB [ Good LI Fair ] Poor
sB B Good U Fair U poor
NB X Good [ Fair ) Poor
Sight distance EB X Good L Poor

wB X Good I Poor
SB X Good i | Poor
NB H Good L Poor
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APPENDIX H

POLICE ACCIDENT REPORT
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PROGRAM - “ACCIDENTS”



Introduction

in Appendix C, a new police accident report form was proposed. A new
program for data and analysis compatible with this accident report was
developed as part of this study. This ;ﬁrogram enables the traffic police expert
to record all accident information. Each item in the accident report form is
coded and thus will be stored in a digital file. This program is based on

Microsoft Access program; it was named “Accidents.”

Advantages of “Accidents” program

a) It is a user-friendly program
b) This program stores a large amount of data in a small space
c) It allows for easy retrieval and analysis of accident data

d) “Accidents” permits the user to draw a sketch for the accident

How to Use “Accidents”

a) The first screen is a welcome sheet and gives choices to “exit’ orto
“continue”, as presented in the attached documents.

b) Once “continue” option is chosen, the second screen gives four choices,

which are:
1. Accidents
2. Information
3. Reports
4. Add New Fields

5. Exit
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The “Accidents” option opens the screen of data input for each accident
exactly as it appears inthe proposed police accident report. Input data is
filled at this screen which contains all information about the vehicles,
drivers, injuries, and the description of an accident.

The “information” option opens the screen, which gives multi choices to
retrieve accidents records.

The “reports” option informs about general information, vehicle information,
and injury information for an accident record.

“Add new fields” option makes this program more flexible. This action

gives a chance to add more fields and information in the future, as needed

“Exit” option returns to the main menu.

The following figures describe the abdve actions of the program.
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The Aim of “Accidents”

e This program creates a computerized database for accidents. From this
database, the analyst can determine the hazardous locations at specific
sites. This program gives specific types and causes of accidents. So, the
analyst can also specify reasonable and effective countermeasures at
hazardous locations.

« This program saves time and efforts. This program also serves for an easy

retrieval of accident information.

Summary

As shown in Appendix L, the police accident report form has very useful
information. These information form a database for traffic safety analysis. The
analysis of database will result in the determination of the types and causes of
accidents at hazardous locations. Therefore, effective countermeasures can

take place at these hazardous locations. To make this process more easy and

to save time and efforts, a computer program “Accidents” is suggested in this

thesis to be applied in Palestine.

247648

This program is user friendly, stores a large amount of accident information,
and information is easy to be retrieved. The suggested program is the first trial

in Palestine. Efforts could be applied to make it more flexible and more

effective to be used in Palestine in the near future.
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APPENDIX |
ANNUAL ACCIDENT REDUCTION
AND

SERVICE LIFE OF TREATMENT
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Table I-1: Accident Reduction Factors for Highway Safety Projects

Source: Homburger, J. Hall, R. Loutzenheiser, and W. Reilly, 1996
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Table I-2: Accident Reduction Factor

Erxfunilon of Safeiy Invpearrinents by Conttruetiva Onaalilcaton, 19741307

ty of Jordan - Center of Thesis Deposit

ivers

i Percent Redurtlon in Aeeidcm Cast-Per-Accident
! , L";:::;tﬁ::; !l-nle:-{\flci ll.n:.;.luv‘crn-.w.)lf FL(fﬁlcl:d .[lho_u.nm!s) frenelie
Type ol Iraprovéiricnt: und Toapiaveingil £ Famj 4 Fatal + Cou
Construction Clussificationr {sitlionsy T il Juifury Injary Fani fnjury fatin
IMTERSECTION & TRAVFHC COMTROL, 5621 » 1) 13 HS 8.7 4.9
Chennclization turning tency 1913 At 3 23 siny 19.7 2
Sight dinante Improvemeiiy 78N LE b I 3 N« 2.t 36
* Jeaffie signs 19.6 14 3 L] 3% 3.7 209

Pavewenl markipgsandfor delineators 317 15 {1 1) ™l — té
Tivmination 31 43 3 b 1116 5.8 U]
Traffie siguals upgraded [3N] 43 n 12 LIRS LN 3 4.0
TealTicsignuls, view 1.3 49 1 21 L% 1.3 S5
STRUCTURES mLy 0 n 39 1522 2.1 [
Nridge widened or madificd RLE] 41 n 11 1.077.9, 011 1.3
Bridxe 1gplacemedt. 1549 2+ 7 LEs 11006 157.2 (I}
Fewe- it g condlryelion 161 i 40 4] 15)738 12).1 0.B
Minaraitacivee repfacementfinmrovest ALK AL 0 I . e 1.3
‘Upgraded kriege rail ia L2 4t 4% ‘tBT.8 1.4 6.5
NOADWAY ANB ROADSFIDE 1370 L (1] 13 7.1 LR (B ]
Widcned travel way. bRV 5" 1 7 10013 ZLE 0.4
Lanes sdded | . . 21519 {2 [} 3] —_— b8 0.4
‘Mzdinn Al ip lo separaie wradway 38 33 7 1y 1524 JI% 212
-Shoulder seidtnian ar improvement 411 2 5! 11 4918 IE2 26
Reasbway reatipument 3799 L3] 32 pL] 11912 it L.t
Skid resistand oyerlay 4684 h it 1y B30 203 i.E
IPavemient graoviag 126 X 13 5 113 14.3 Jt
Upgraded puardoai [EX N L [ 9 (B s 1N |
Uppraded xdian beriee Td 45 H b rar g 19.8 10
Maw wmedian barricé b1 ] 2] a* kg 1247 “211.6 F4
lmpact altcauziers 10.2 - Jé 34h y9n.a 8.0 + B
Flatien side ylopas/regrading 6.5 115 ki 5 -_ 102.3 -
Uridge approschrguard:kil \raasition 2 B 4 4% 2009 5.1 [
Obsiacle removal 150 43 17? 23 mz.5 16.0 54
RAILROATJNGCTNVAY TRQGSINGS %2 29 ¢} 57 500 1447 1.2
Mew (lasling Jights™ | 30 A1l Lk} ki) 31 x 101.3 2
Mew Mashing tights and gates I¥8. ¢ 72 M 113 bAI 4 LRE | I
Hew gatrsonly 632 k51 (11 5 LRbN) 78.7 8
HMate: Nunbees in pareafheses { ) indicate incroaved accldent aates.

*Nog slgnifiesm change at e 93% confidznce level.

Aceldent Nedutilons Tar Lew-Cost Treatmrnts
Acthleht

fieatinent Neduction (%

aptiakid (Calelaed Ravils) 0

faypebeed siynipg Wi junctions 4 -
¢ padilications 1o existing waflic signaly 11+]

New Weaffie signals b

New pelicans (ciesiwalha) A

TMew sebroas frrosowatks) 1

Suserevelation 15

Lining 30d signing nol-at bends »n

Lining und signing st liends 33

Minor juniien chanpes fral-roundabouts) b4

Pedestvian refuges 12

Pratestrian barrices 43

Neve s(recl lighting Iy

Resutfacing : 3

Altcrutinng [0 rowadaliouts w

Arca Hudics ] A

Source: Traffic Engineering Handbook, Institute of Transportation Engineers (ITE, 1992).
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APPENDIX J

SIGNAL PHASING AT AL-HESBA INTERSECTION
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ALHESBA STREET

[ G=24 [Y=4 | R=67 |
BALATA STREET
[ R=28 [ G=18 [Y=4] R=45 1
AMMAN STREET
[ R=50 [ G=24 Jy=4] R=17 |
ASKAR STREET
| R=78 [13G | Y=4 |
Existing Signal Timing / Phasing
ALHESBA STREET
e G=23 |Y=4] R=67 |
BALATA STREET
[ R=28 Ed G=17 [Y=4]| R=45 ]
AMMAN STREET
[ R=50 B G=22]Y=4 ] R=I8 |
ASKAR STREET
! R=77 _ Bl G-13 [Y=4 |

Notes:

Modified Signal Timing / Phasing

G :Greentime
R :Redtime
Y :Yellowtime

. : All-Red ime = 1 second
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APPENDIX K

HCS WORK SHEET
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Capacity Analysis of Existing Conditions

HCS: Signals Release 3.1b

Inter: City/St: NABLUS / PALESTINE

Analyst: HUSSEIN ABU ZANT Proj #: EXISTING CONDITIOPNS ANALYSIS
Date: 11/5/2001 Period:

Intersection:

Time Perlod Analyzed:

No errors to report.

E/W St: AL-HESBA / RAMMAN N/S St: BALATA / ASKAR
SIGNALIZED INTERSECTION SUMMARY
| Eastbound | Westbound | Northbound |  Southbound |
| L T R { L T R | L T R | L T R |
i | | | |
No. Lanes | i 1 1 | 1 1 1 | 1 1 1 | 1 1 1
tGConfig | L T R | L T R | L T R { L T R |
Volume |272 236 59 168 303 718 174 105 164 {4l 105 253 |
Lane Width {12.0 12.0 12.0 |12.0 12.0 12.0 |12.0 12.0 12.0 |12.0 12.0 12.0 |
RTCOR Vol ! 0 l 0 | Q 1 ¢
Duration 0.25 Area Type: All other areas
Signal Operations
Phase Combination 1 2 3 4 | 5 6 7 8
EB Left P | NB Left P
Thru P ! Thru P
Right P | Right P
Peds i Peds
WB Left P | SB Left P
Thru 3 | Thru P
Right p | Right P
Peds | Peds
NB Right | EB Right
SB Right | WB Right
Green 24.0 24.0 18.0 13.0
Yellow 4.0 4.0 : 4.0 1.0
All Red 0.0 0.0 0.0 0.0
Cycle Length: 85.0 secs
Intersection Performance Summary,
Rppr/ Lane Adj Sat Ratios Lane Group Approach
Lane Group Flow Rate
Grp Capcity {s) vic g/c Delay LCS Delay LOS
Eastbound
L 456 1805 0.66 0.253 39.2 D
T 4890 1900 0.55 0.253 35.2 D 36.4 D
R 408 1615 D0.16 0.253 28.5 C
Westbound
L 456 1805 0.17 0.253 28.9 C
T 480 1900 0.70 0.253 40.6 D 36.8 D
R 408 1615 0.21 0.253 29.2 [od
Northbound ’
L 342 1805 0.24 0.189 34.3 C
T 360 1900 0.32 0.189 35.6 D 39.1 o}
R 306 1615 0.59 0.189 43.4 D
Southbound
L 247 1805 0.19 0.137 38.0 D
T 260 1900 .45 0.137 43.3 D 137.9 F
R 221 1615 1.27 0.137 193.7 F

Intersection Delay = 37.7 {sec/veh) Intersection LOS =D
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Capacity Analysis of Modified Signal Timing

KCS: Signals Release 3.1b

Inter: City/St: NABLUS / PALESTINE
Analyst: HUSSEIN ABU ZANT Proi #: SAFETY STUDY (AR=1 & REDUCE G)
Date: 11/5/2001 Period:

Intersection: AL-HESBA INTERSECTION

Time Period Analyzed: "55'
No errors to report. %
E/W St: AL-HESEA / AMMAN N/S St: BALRTA / ASKAR D
SIGNALIZED INTERSECTICN SUMMARY _U)
| Eastbound | Westbound | Northbound | Southbcund | 8
| L T R | L T R | L T R | L T R | c
i | | | 1 —
No. Lanes | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |
LGConfig | L T R ] L T R | L T R | L T R 1 "'5
Volume 1272 236 59 168 303 78 |74 105 164 141 105 2583 i
Lane Width J12.0 12.0 12.0 J12.0 12.0 12.0 |12.0 12.0 12.0 ]12.0 12.0 12.0 | as
RTOR Vol | 59 ] 78 | 164 | 253 | =
Duration 0.25 Area Type: All other areas 8
Signal Operations U
Phase Combination 1 2 3 4 | 5 6 ? 8 ]
EB Left P | NB Left P
Thru B I Thru I+ %
Right P ] Right P O
Peds | Peds —
WE Left P | SB Left P ,%
Thru 4 | Thru P
rRight 2 i Right P "'5
Peds ] Peds
NB Right | EB Right P
SB  Right | WB Right . ‘B
Green 23.0 22.0 17.0 13.0 33
Yellow 4.0 4.0 4.0 4.0
All Red 1.0 1.0 1.0 1.0 =
Cycle Length: 95.0 secs 5
o
Intersection Performance Summary (@]
Appr/ Lane Adj Sat Ratios Lane Group  Approach
Lane Group Flow Rate e
Grp Capecity {s) v/ic g/C Delay LOS Delay LOS E
Eastbound 9
L 437 1805 0.69 0.242 41.4 D -
T 460 19c0 0.57 0.242 36.7 D 39.2 D 1
R 391 1615 0.00 0.242 27.3 C
Westbound -8
L 418 1805 ¢.18  0.232 30.2 C >
T 440 1900 g.17 0.232 16.1 D 43,2 D.
28 374 1615 0.00 0.232 28.0 C %
Northbound
L 323 1805 0.25 0.179 35,4 D (e
T 340 1900 0.34 0.179 36.9 D 36.3 D (7))
R 289 1615 0.00 0.179 32.0 [ =
Southbound <
L 247 1805 0.19 0.137 38.0 D 9
T 260 1990 0.45 0.137 43.3 D 41.8 D (e
R 221 1615 0.00 0.137 35.4 D —
Intersection Delay = 40.3 {sec/veh) Intersection 1LOS =D <_E




APPENDIX L
CALCULATIONS OF TOTAL ANNUAL COST FOR
POLICE ENFORCEMENT AND PAVEMENT MARKING

TO BE APPLIED AT AL-HESBA INTERSECTION
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Based on the Commercial Bank of Palestine, the interest rate {r) was
approximately 5.75 percent. To account for inflation, use the interest rate to

be 4 percent. The life period (n) was used as shown in Table 9-5.

TAC = (CRF) C, + OMR
To convert the values in Table 9-5 into Equivalent Annual Uniform Cost

(EUAC) or (TAC) the following calculations were applied:

EUAC for Enforcement limit speed

TAC = $1080/ year.

EUAC for pavement marking

TAC =437.5x.36 +100

= $258 / year.

SUM of TAC = $1338/ year.
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APPENDIX M

SPOT SPEED STUDY
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Bather Belrose Boje, Inc. SPEEDPLOT Program

STREET . .. - et rvsnmsecane 0 Blk. BALATA STREET
LIMITS . v e eeenncnnnss 20 to 70
DIRECTION(S) ....cc.u.. SN SOTH PERCENTILE SPEED. ....c0ovvvueennn. 39
1Y\ | P 11/5/2001 85TH PERCENTILE SPEED. .. .. vt everncnnas 50
TIME . o e v e memvesansnnns 4:22 10 MPH PACE SPEED.......... 35 through 44
POSTED SPEED LIMIT.... 0 PERCENT IN PACE SPEED. .. .vvounuannn 73.0
PERCENT OVER PACE SPEED. . ... .vveu-.. 27.0
PERCENT UNDER PACE SPEED............ 0.0
CUM. RANGE OF SPEEDS. .. ..ot tnnenann 35 to 74
SPEED NO. PCT. PCT. VEHICLES OBSERVED. .t i it ien v nannen 100
oS EEF=SERETSS==REE AVERAGE SPEED...... it evionnncnans 42 . 0
35 19 19.0 19.0
36 8 9.0 28.0 e el e e e e il it &
37 9 9.0 370 100 'A'*i-*********************100
38 8 8.0 45.0 - *hdkkdkk -
39 10 10.0 55.0 90 : * % 20
40 o0 0.0 55.0C - *okk -
41 6 6.0 61.0 U 80 * % 80
42 4 4.0 65.0M - *hk -
43 6 6.0 71.0 70 * 70
44 2 2.0 73.0P - * -
45 4 4.0 77.0 E 60 * 60
46 o 0.0 77.0R -~ &k -
47 2 2.0 79.0 C 50 50
48 1 1.0 80.0 E =~ * -
49 4 4.0 B4.0 N 40 40
50 1 1.0 85.0T - * -
51 2 2.0 87.0 8 30 * 30
52 1 1.0 88.0 - -
53 4 4.0 92.0 20* 20
54 2 2.0 94.0 - -
55 0 0.0 94.0 10 _ 10
56 c 0.0 94.0 - C -
57 1 1.0 95.0 0 0
58 2 2.0 87.0 e et R R Ll e S e LR LTt
59 0 0.0 97.0 35 45 55 65 75 85
60 0 0.0 97.0 e L e e e Tl L e T S T Y
61 ¢ 0.0 97.0 20 20
62 1 1.0 98.0 -k -
63 0 0.0 98.0 -% -
64 0 0.0 98.0 -k -
65 0 0.0 98.0 wk -
66 0 0.0 98.0 P 15* 15
67 0 0.0 98.0 E -* -
68 0 0.0 98.0 R -* -
69 0 0.0 98.0 C -* -
70 0 0.0 98,0 E -* -
71 1 1.0 99.0 N 10* * 10
72 0 0.0 99.0 T -—*%%* %
73 0 0.0 93.0 8§ -—*x%%x
74 .1 1.0 1c0.0 —kkkkk -
-kkkkEk * * -
5***** * * 5
aRhkdddhk hkdk * * * -
—hkhkhkh *Rkk i * * -
~hkhkhkhk khdkk k Kk K i *
—kkdkd kdkkhkdk hhkkkhkhkikh * % * * +* -
e e el Ll bl il At bk Ry 2

35 45 55 65 75 85
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Bather Belrose Boje, Inc. SPEEDPLOT Program

ETREET . - v e vvenoncnansn 0 Blk. ASKAR STREET
LIMITS . . vevrconnonnnns 20 to 70
DIRECTION(S) . .vavvnne NS SOTH PERCENTILE SPEED.......ccveseeenn 43
DATE . .o vncorsaasnrnss 11/5/2001 85TH DPERCENTILE SPEED......cevecnvurss 51
TME . o v eevsssareonnss 4:48 10 MPH PACE SPEED.......... 37 through 46
POSTED SPEED LIMIT.... 0 PERCENT IN PACE SPEED.......ccvenn- 60.0
'PERCENT OVER PACE SPEED......--:.0n 33.0
PERCENT UNDER PACE SPEED......-ccrns 7.0
CUM. RANGE OF SPEEDS. .. .cvvvrnennanss 35 to 64
SPEED NO. PCT. PCT VEHICLES OBSERVED. ......covmcevovnn- 100
.—_======-.============= AVERAGE SPEED ....................... 44 .9
35 5 5.0 5.0
36 2 2.0 7.0 +--——+---—+----+—---+---—+----+———-+-—u-+---—+----+
37 5 5_0 12_0 100 ***i—********************100
38 4 4.0 16.0 - *hh Kk -
39 5 5.0 21.0 90 * k% 90
40 7 7.0 28.0C - *¥ -
41 2 2.0 30.0 U 80 * 80
42 8 8.0 38.0M - * -
43 12 12.0 50.0 70 * 70
44 4 4.0 54.0P -~ * -
45 7 7.0 61.0 E &0 * €0
46 6 6.0 67.0R - * -
47 3 3.0 70,0 C 50 * 50
48 5 5.0 75.0E - -
49 5 5.0 80.0 N 40 * 40
50 3 3.0 83.0T - -
51 2 2.0 85.0 8 30 *k a0
52 3 3.0 88.0 - -
53 1 1.0 89.0 20 * 20
54 3 3.0 92.0 - * -
55 2 2.0 94.0 10 * 10
56 0O 0.0 94.0 wkk -
57 0 0.0 94.0 0 0
58 1 1.0 95.0 U IR i inhtiet et dudet Sl
59 1 1.0 96.0 35 45 55 65 75 85
60 0 0.0 96.0 o demmmgmme—dem——dmmm—ho—e—gm— e c—foms—dkeoo ot
61 1 1.0 97.0 20 20
62 1 1.0 98.0 - -
63 0 0.0 98.0 - -
64 2 2.0 100.0 - -
P 15 15
E - -
R - -
c - * -
E - * -
N 10 * 10
T - * _
<] ** -
* h* *
- * hh k¥ -
5* * kk kk k% %%k 5
—d hkdk ddhhhkh ki -
~h khkdk dhkkkkkhhdk * % -
-i***************** * & *
_kdwkkhrkdekh ok hkkhhkkkx *k *k * -
+----+----+——--+---~+--——+-»-—+———-+—---+--—-+----+
35 45 55 65 75 85
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Bather Belrose Boje, Inc. SPEEDPLOT Program

STREET . « v v v v vennsmmnss 0 Blk. AL-HESBA STREET
LIMITS . e vmerannnnons 20 to 70
DIRECTION(S) .cvurvrnen EW , SO0TH PERCENTILE SPEED......veeverness- 41
DATE . «oovnverennannanss 11/5/2001 85TH PERCENTILE SPEED....oooovecevons- 52
TIME . vvevosoasaensessns 4:05 10 MPH PACE SPEED.......... 35 through 44 Bt
POSTED SPEED LIMIT.... O PERCENT IN PACE SPEED.....ceoorenns 65.0 7))
PERCENT OVER PACE SPEED..........:.: 35.0 Q
PERCENT UNDER PACE SPEED............ 0.0 8—
CUM. RANGE OF SPEEDS. ...cvvvevenecnnn 35 to 69 Q
SPEED NO. PCT. PCT. VEHICLES OBSERVED .+ v craranursconss 100 "
==================== AVERAGE SPEED ....................... 43 .2 "
35 12 12.0 12.0 8
36 8§ 8.0 20.0 +-—--+--—-+—---+—---+——--+——--+-——a+~—-—+-»-—+---—+ c
37 9 9.0 29.0 100 . Fkkkkk kI A I RF Rk kA kkdk kb xrk*] 00 |_
38 3 3.0 32.0 - *xk - —
39 4 4.0 36.0 90 sk a0 o
40 7 7.0 43.0¢C - > -
41 7 7.0 50.0 U 80 T g0 @
42 5 5.0 55.0M - * - e
43 5 5.0 €0.0 70 * 70 5
a4 5 5.0 65.0P - *x - (@)
45 2 2.0 €7.0 E 60 * 60 '
46 4 4.0 71.0R - * -
a7 A4 4.0 75.0 C 50 * 50 %
48 2 2,0 77.0 E - * - O
49 3 3.0 80.0 N 40 40 g
50 1 1.0 8L.0T -~ * : -
51 3 3.0 84.0 § 30 *¥ 30 Y5
52 3 3.0 B87.0 - -
53 3 3.0 90.0 20 * 20 2
54 1 1.0 91.0 - ' - B
55 3 3.0 94.0 10* 10 i
56 1 1.0 95.0 - - >
57 2 2.0 97.0 0 0 =
58 i 1.0 98.0 P SRR S niaialak et s heedede Attt c
59 0 0.0 98.0 35 45 55 65 75 gs
60 0 0.0 98.0 PRSI BPPYREE PR ESL LR S S £ 5
61 1 1.0 99.0 20 20
62 0 0.0 99.0 - . >
63 0 0.0 99.0 - - o]
64 0 0.0 99.0 - =
65 0 0.0 99.0 - : - -
66 0 0.0 99.0 P 15 15 —I
67 .0 0.0 99.0E - - '
68 0 0.0 S9.0 R - - -8
69 1 1.0 100.0 C -* _
E ¥ ) _ >
N 10* 10 g
T % * -
g  akkk - (nd
-k ** -
-k E *%x - g
& &k [T R X
?*** wkkhhk hk - 5 .9
_kdekhkkdkkdk Nk Kk *hkk * - m
_*************** dkk * * —
_****************i******* * * - Z
+-——-+--——+----+---—+----+--—-+-—--+-—--+-—-—+--——+



Bather Belrose Boje,

Inc

. SPEEDPLOT Program

STREET . . v evrreraansnos 0 Blk. AMMAN STREET
LIMITS . . cuvcnraonssss 20 to 75
DIRECTION(S) .......... NS SO0TH PERCENTILE SPEED...... v cuencnn.nn 38
DATE . . coneesnnnnassns 11/5/2001 85TH PERCENTILE SPEED. ...cvccucursnnns 44
TIME. . o2 osasanscmsnars 3:01 10 MPH PACE SPEED.......... 34 through 4
POSTED SPEED LIMIT.... 0 PERCENT IN PACE SPEED.....cevveccns 81.0
PERCENT QOVER PACE SPEED.......cca v 19.0
PERCENT UNDER PACE SPEED.....c..vi v 0.0
CUM., RANGE OF SPEEDS. ... i cvvvemanaes 34 to 60
SPEED NO. PCT. PCT. VEHICLES OBSERVED. . .. i tteveororanena 100
—ammooE=SEESSEST=ESSES AVERAGE SPEED ----------------------- 39 - 6
34 7 7.0 7.0
35 13 13.0 20.0 P et St S B L DR D Llbd Sebebid dellalink &
kY 13 13.0 33.0 100 e 132222222222 R 2R 2 X2 2 R Rl tlold
37 14 14.0 47.0 - *kk -
38 3 3.0 50.0 90 bl 90
39 10 10.0 60.0 C - * -
40 7 7.0 67.0 U 80 * 80
41 2 2.0 65.0M - .
42 3 3.0 72.0 70 LA 70
43 g 9.0 81.0P - * -
44 4 4.0 85.0 E 60 * 60
45 4 4.0 8%.0R - _
46 g0 0.0 89.0 C 50 50
47 i 3.0 92.0E - * -
48 3 3.0 95.0 N 40 40
49 0O 0.0 95.0T - * -
50 1 1.0 96.0 § 30 30
51 2 2.0 98.0 - -
52 1 1.0 99.0 20 ¥ 20
53 0O 0.0 99.0 - -
54 0 0.C 899.0 10 10
55 0 0 1 99.0 -~ -
56 0 ¢ 92 99.0 4] 0
57 0 €.0 99.0 e . et LR LR DRl o hehaied Sk St
58 0 0.0 99.0 34 44 54 64 74 84
59 0 0.0 9%.0 R et St EE L Dl hleh okl el el 3
60 1 1.0 100.0 20 20
P 15 15
E - * -
R - %%¥
C - kww
E - Wkk -
N 10 ***% * 10
T - %kw ok * -
§ - kkk * * -
whkhkkk k% * -
=kkkk %% * -
Ekkkdk %k * 5
=kkkk Wk * %k ¥k -
~drkdkkhk hhkkk ¥k -
wkkhkkhdhkhkxkhdt k¥ * -
wkhkhkhhhdkhhkhk *k dkh * -
P R et et T L LTl LRl e
34 44 54 €4 74 84
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APPENDIX N

RUMBLE STRIPS
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Rumble strips

Rumble strips are transverse strips of rough texture surface used to
supplement standard or conventional traffic control devices. Rumble strips
may. be used to alert drivers of unusual or unexpected traffic conditions or
geometry, or to bring the driver's attention to other warning devices. They
provide a vibratory and audible warning that supplements visual stimuli
(Manual on Uniform Traffic Control Devices “MUTCD?, 1994). The effect of

applying this measure is presented in the following table:

TSI e s
S rage: iEiEEm Rt o
et = Sonpee

ST Rl ‘i;'-, i dE): § : :

e R e e S e SR il SR i :

e e R S i s e R i3 SR t I

Installing of rumble strips AR=15% 5 ITE, 1992

Uniform Standards

While not treated in details in the MUTCD, rumble strips are recognized
devices in basic traffic engineering tests. However, no specific warrants or
design standards are given. Examples of designs currently in use are shown

in Figure bellow:

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



I I — T

et Evnd b b et e T
EL n* 1n a8 iV ALY é‘
, ]
Ho= - —_ W m e S

e B | .
b ser—d b — o } ou ‘
w0 1 P

Figure 10-3: Typical Rumble Strips Design

Source: State of the Art Report: Residential Traffic Management. Federal Highway

Administration, 1980,

A rumble strip may consist of raised strips or depressed grooves. The cross-
section may be rectangular, domed, or trapezoidal in shape.. The strips or
grooves should be placed transvefse to the direction of traffic. The intervals
between rumble strip pads should-be reduced as the distance to the hazard

diminishes, to create a sensation of deceleration for motorists.

For the study intersection, rumble strips are recommended to be installed on
all approaches because of the existing excessive speed on these approaches.

The cost of this measure is presented in the following table:

All Rights Reserved - Library of University of Jordan - Center of Thesis Depdsit



Initial Cost ($)
3 :
Measure T —- o g w SSy_.| TAC
‘ o 2 | e 2 a S c£8gg A ($)
=2 |E | gz <E
z (& |E g |3 g
o (& ) O
Rumble Lump
Strips 500 4 2000 5 0.225 100 550
np Sum
Notes:

The Capital Recovery Factor (CRF) is the factor, which coniverts a fixed payment or present value at the
beginning of a project’s life into an equivalent fixed periodic payment.

CRE={r(1+c}/{{1+r})-1}
The total annual cost (TAC) is simply the initial cost times the capital recovery factor plus the annual
operation, maintenance, and repair (OMR) costs.

EUAC for rumble strips

C, = $2,000

CRF =0.225

TAC = (CRF) C,+ OMR
=0.225x 2,000 + 100
= $550 [ year.
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