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ABSTRACT

DEVELOPING A METHODOLOGY TO PREDICT

HIGH ACCIDENT LOCATIONS ON

RURAL HIGHWAYS IN SAUDI ARABIA

USING SPEED DISTRIBUTION CHARACTERISTICS

By

Muhammad S. Al—isa

Traffic accidents and highway fatalities are among the

major problems confronting Saudi Arabia. The design and

implementation of highway—safety programs and practices

in the country are in their infant stages. The experience

and practices of developed countries, such as the U.S.,

in the field of highway safety provide a potentially trans—

ferable highway safety technology to Saudi Arabia. Highway

safety improvement programs, which proved to significantly

reduce the number of accidents on U.S. highways, could be

eXpected to accomplish similar results if implemented in

Saudi Arabia.

The absence of an adequate accident recording system

in Saudi Arabia, which is an essential tool in highway

Safety programs, necessitates the use of non—accident meas—

ures in the identification of hazardous highway locations.

This research has studied speed distribution characteristics,

among other traffic performance measures, as a pOSSIble





Muhammad S. Al—isa

surrogate measure for accident potential. Variations in

these characteristics observed on Saudi Arabian rural

highways were compared with variations in these same

parameters reported for locations with known levels of risk

on U.S. rural highways. The statistical tests and compar—

isons verified the suitability of using the speed distribu—

tion skewness index as a surrogate measure for hazardous

locations on two—lane rural highways in Saudi Arabia.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

In contrast to many developing countries, Saudi Arabia

is a rich country. The sudden rise in the national income

is producing challenges which are different from those of

other developing countries. Saudi Arabia is changing

rapidly from a pre-industrial country to a modern

industrialized society. This rapid development exerts

pressure on all public utilities and facilities, including

the transportation system.

The vehicular population reached 2,467,903 by the end

of 1981. This is an increase of 1705 percent within the

eleven years from 1970 to 1981 (Traffic Statistics, 1981).

This expansion in vehicular population was paralleled by

the construction of 20,238 km of main roads and 24,186 km

of agricultural roads (116), since most of the initial main

road networks consisted of single, undivided two-lane

roads.

The development and construction of the road network

and the significant increase in automobile ownership are

accompanied by a high incidence of traffic accidents. As

shown in Table 1, in 1982 traffic accidents injured 15,872





TABLE 1

NUMBER OF TRAFFIC ACCIDENTS, INJURED AND FATALITIES

IN SAUDI ARABIA AT THE END OF EACH YEAR

FROM 1972 TO 1982

 

 

Number of Number of Number of

 

 

Year Vehicle Accidents People Injured Deaths

1972 4,147 4,583 570

1973 7,197 6,530 834

1974 9,808 7,901 1,058

1975 10,897 8,771 1,154

1976 13,475 10,532 1,594

1977 15,709 11,606 1,975

1978 15,785 11,413 2,033

1979 18,051 14,824 2,378

1980 17,743 16,832 2,871

1981 18,748 16,218 2,731

1982 17,897 15,872 2,427

SOURCE: Traffic Statistics, General Department of

Traffic, Ministry of Interior—Public Security, Kingdom of

Saudi Arabia.
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persons and killed 2,427 people. This is a relatively high

death rate compared to developed countries, such as the

U.K. and the U.S.A. (see Fig. 1) (51). As in any other

developing country, traffic accidents are among the leading

causes of death and crippling injuries.

Highway Safety Practices

in Saudi Arabia
 

Safety experts agree only on the complexity of the

problem of transportation safety. The current strategy of

transportation safety has been classified into two basic

approaches:

1. The preventive engineering approach, where

accidents are reduced or minimized by two general methods:

(a) countermeasuring highway malfunctions or failure; and

(b) considering safe design measures for new highways

(127).

2. The human engineering approach, which seeks to

discover the limitations of man performing within the

complexity of the automotive transportation system. The

results of this type of research are then used to redesign

the system so that the system fits the needs and

capabilities of the road users (106, 114, 115).

In Saudi Arabia, the highway-safety authorities still

hold the traditional "violation-error" attitude toward

accidents. This is reflected in the traffic statistics

book, where accidents are classified by cause rather than

by location (see Table 2). Therefore, safety programs are
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6

directed toward changing the behavior of violator drivers

by imprisonment or fines. On the other hand, preventative

measures, such as driver education for the non—accident

involved driver and the treatment of design and operational

deficiencies in the highway system, are often overlooked.

Recently, in recognition of the safety problems on

two-lane, undivided highways, Saudi Arabia has launched a

program to build 4,000 km of expressways (70). This

undoubtedly will have a positive effect on highway

accidents. However, since most of the kingdom's highway

network consists of undivided two-lane highways, it is not

practical to consider only this extreme approach and not

design and/or control hazardous locations on the remainder

of the highway system. Work by Jorgensen and Westat (1966)

in the U.S. indicated clearly the high benefit-to-cost

ratios that could be obtained from "spot" improvements as

compared with continuous widening or overall modernization

projects (137).

In spite of the complexity of the safety problem,

safety measures adOpted in Saudi Arabia are often

one—dimensional, emphasizing only one aspect of the safety

problem: either the driver, or the highway system. The

countermeasures adopted in each case are too often extreme,

either placing full blame on the driver or adopting the

highest design standards and technology for highway

improvements. Wallen (132) argues that this is inefficient.

Blaming the crash victim does not reduce future accidents,
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and it is not possible to rebuild all roadways to the

highest current standards.

Instead, the existing and the proposed highway system

in the country should continuously be subjected to safety

improvements and evaluation. Developed countries such as

the U.S. have established highway—safety programs which

continuously check and improve hazardous locations on their

highway systems. A similar highway safety improvement

program is needed to resolve part of the safety problem in

the highway system in Saudi Arabia.

Highway Safegy Improvement Program

An effective highway safety program in Saudi Arabia

needs to apply scientific and quantitative methods to the

study of accidents and the selection of countermeasures to

improve existing highways. The research and experience in

this field from developed countries may be utilized in

developing such a system.

Safety-improvement programs have received increased

attention in most of the developed countries. Within the

past decade, the U.S. federal government and various state

highway and transportation agencies have allocated

substantial funds for safety improvements of various types

(122). Implicit in all these programs is the need for a

systematic process for identifying hazardous locations,

establishing a method for assigning priorities to the

treatment of high—hazard locations which are identified,
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and the evaluation of countermeasure safety effectiveness

(see Figs. 2 and 3).

The processes currently in use are based on

computerized accident record systems. These systems consist

of the following elements, which individually or

collectively delineate traffic safety problems and are used

to rank hazardous locations and develop solutions:

1. accident reporting and accident forms;

2. accident records and data processing;

3. accident location system; and

4. accident classification.

In Saudi Arabia, none of these elements is readily

available to the researcher. The accident data are usually

collected by police in the form of a descriptive

documentation of the accident written in an accident

booklet. The information recorded often does not contain

the information necessary for accident analysis because it

is intended mainly for legal purposes.

Another major drawback of accident records in Saudi

Arabia is the absence of a procedure for identifying

accident locations on the road network. This is due to the

following reasons:

1. the lack of engineering expertise in the local

police, which results in the underestimation of the part

played by the road environment;

2. the lack of accident recording forms which provide

Space for this type of information; and
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3. the absence of highway records to identify the

location of geometric features for use in coding accident

locations.

In addition to these deficiencies in accident and

highway records, the use of accident records in the

development of a highway safety program in Saudi Arabia may

be constrained by the following factors:

1. the general official tendency not to release

information;

2. the refusal by the people to allow public officials

to keep their accident records or any records of their bad

conduct;

3. the absence of manpower skilled in accident

investigations; and

4. the rapid change in the highway system, which

complicates the task of maintaining highway records.

The above discussion points out some constraints that

must be overcome in establishing a highway safety program.

In addition, a better understanding of the transferability

of safety technology developed in the industrial world to

developing countries such as Saudi Arabia is essential.

Transferability of

Safety Technology

The scientific and quantitative methods of highway

safety studies imply the following reasoning:

If the accident history of a site is found to

deviate from the norm for its class, there

surely is some reason for it. If so, a
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responsible agency and its professionals should

examine the cause for this deviation and if a

cost—effective remedy can be found should

remove the cause of substandard performance.

(44)

Application of this reasoning to developing

countries may not be possible because of differences

between selected locations in (41, 51):

l. the road users involved;

2. data collection and analysis in various regions;

3. driver behavior;

4. road-user knowledge;

5. traffic—law enforcement practices;

6. vehicle safety measures; and

7. highway engineering practices.

Since the nature of the road safety problem is

different in developing countries, Haight suggests that

"the lessons to be learned should not be regarded as

'technology transfer.' In fact, many of the 'truths' about

traffic safety in developed countries may be untrue in

developing countries." For example, Robinson suggests that

the application of geometric standards developed for highly

motorized countries to low—volume roads in developing

countries leads to designs which are uneconomical and

technically inappropriate. He also points out that "more

research is needed to determine whether geometric design

standards have a different influence on road safety in

developing countries from that observed in industrial

countries" (102). Jacobs and Sayer conclude that "although
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research findings from developed countries can provide some

guidance, the inevitable uncertainties surrounding their

transfer to developing countries emphasize the need for

caution in their application" (51).

These concerns apply to the situation in Saudi Arabia

as well as to any developing country. But while other

developing countries suffer from a lack of financial

ability to spend on road-safety improvements, Saudi Arabia

has the financial ability to adopt the latest tchnology.

This is evident from the road network currently under

development, where high standards are incorporated in the

highways now being built to connect major cities.

However, there are disadvantages to this approach:

1. The geometric standards adopted may have a

different influence on road safety in Saudi Arabia from

that observed in industrial countries.

2. The low-volume roads and highways connecting

non-major cities will not receive sufficient safety

consideration, as they are not likely to be upgraded to

freeway standards.

3. Accidents which do occur on highways with these

high standards will strengthen the traditional attitude

that all accidents are due to driver failure.

4. Safety concerns become only part of the

modernization projects, rather than being the primary

objective.
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5. Highway safety may not be institutionalized properly

in the official government bodies, but considered only as

an offset of the design function.

6. The local agencies will miss the learning

experience which results only by 1233; in-depth studies of

road layout, vehicle design and road-user behavior.

Therefore, the creation of a highway-safety program in

Saudi Arabia requires research to overcome these

constraints and verify the suitability of alternative

methods and tools. For example, the deficiency of accident

records, which is the main tool in highway safety programs,

may suggest the use of non—accident measures.

The Use of Non—Accident Measures

Accident history is widely accepted as a primary

determinant of hazardous locations. Several methods (144)

are now used for identifying hazardous highway spots based

on accident histories:

1. number-of-accidents method;

2. accident-rate method;

3. number of equivalent property damage only accidents

(EPDO method);

4. equivalent prOperty damage only accident rate (EPDO

rate method);

5. rate-quality control method; and

6. various combinations of one or more of the above

methods.
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Ordinarily, the accident histories of highway

locations for certain periods of time (usually three years)

are used to screen high—hazard spots on the highway system

and to devise cost-effective remedial safety projects.

the traditional measurements of the various

70, 92, 96, 117, 122,

However,

methods have been criticized (44,

128) for the following shortcomings:

1. No agreement has been reached on measures of

accident exposure.

2. There are imperfections in rcording accidents.

3. The time period and number of accidents required to

obtain statistically significant results are undesirably

large.

4. Past accident experience is invalidated with any

major changes in the transportation system.

5. The accident histories of locations are subject to

random fluctuations, which brings into question the

assumption that the number of accidents on a system in the

period before treatment is an unbiased estimate of what

should be expected to occur on the system during an

equivalent "after" period had treatment not been applied.

These shortcomings have brought criticism to safety

programs in developed countries (41). Haight stated:

In developed countries the choice of

countermeasures, the design of programs and

projects, and administration and final

evaluation of these programs are often thought

to be on reliable statistical evidence.

Unfortunately, the reliability of the evidence

is often exaggerated, sometimes grossly (41).
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Some researchers, such as Whitelegg (138),

propose that researchers and practitioners put road traffic

accidents into a wider context of societal development, and

use long—term policy objectives as opposed to emphasizing

traffic accident performance measures. Other researchers

(92, 123) suggest the use of non—accident measures to

circumvent the aforementioned shortcomings of accident

measures.

This research addresses the possibility of using

non—accident measures for ranking hazardous locations and

the evaluation of remedial safety projects in Saudi Arabia.

A specific research program is proposed to explore the

potential of using available non—accident measures.

Research Problem

The determination of reliable non-accident indicators

of traffic safety on a given highway section is quite

problematic, to date. Among the non—accident measures

suggested are various traffic-performance measures.

A traffic—performance measure is defined as any

measurable parameter that describes the flow of traffic at

a certain point or over a particular section of highway.

This category contains all measures that are based on

quantifying other traffic characteristics, such as quality

of flow. The value of any of these measures depends on the

additional knowledge of its quantitative correlation to one

of the direct accident measures. Without this correlation,
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it cannot be considered a measure of accident potential

(42).

Some of the literature
(33, 34, 56, 75, 95, 113, 119,

123, 125) reported the following
traffic performance

measures as potential surrogate safety indicators:

—speed

—speed variance

—speed distribution
skewness

—acceleration
noise

—headway distribution

—traffic conflicts

—erratic maneuvers

—lateral placement

-brake applications

The basic advantage of these indirect measures over

the direct ones is the frequency with which these indirect

measures occur, which means a statistically reliable sample

can be obtained in a relatively short time interval. But,

since conditions prevailing during the short period of

measurement are not necessarily representative of the

variable conditions over a longer time period, there is no

assurance that the measured value will be representative

for the longer time period. Therefore, after each design

Change in existing conditiOns or for a new highway site,

the characteristics of the traffic performance measure have

to be determined to check the safety level and evaluate any

 

 





improvements.

Among the above transportation performance measures,

traffic speed has received the most attention in safety

research. It is easily observed and measured with little

expertise, and spot—speed distribution characteristics have

been found to correlate with hazardous locations.

In Saudi Arabia, speed is the only recognized traffic

performance measure identified as a factor in traffic

safety (see Table 2). Although speed characteristics are

not as stringent a screening device as traffic accidents,

the financial ability of Saudi Arabia allows the use of

less tight screens than traffic accidents in the

safety—improvement programs.

As suggested before, the difference in traffic

conditions in Saudi Arabia may alter the nature of safeyt

problems from that in developed countries. This implies

possible differences in traffic—performance measures,

especially the ones pertaining to safety. For example, the

differences in traffic enforcement, driver behavior and

drivers' knowledge may affect the traffic speed behavior,

and thus the traffic speed characteristics.

In this research, a methodology is developed for

identifying high accident risk locations on rural Saudi

highways. A model is developed based on measured

characteristics of traffic speeds and statistical

parameters derived from these measurements. Variations in

these characteristics observed on Saudi Arabian rural
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highways are compared with variations in these same

parameters reported for locations with known levels of risk

on U.S. rural highways. A statistical comparison is then

made to determine the potential of using these parameters

to predict high accident locations in Saudi Arabia.

ijgctives of this Research

In an effort to develop a surrogate safety measure and

demonstrate its potential in the identification of

high-hazard locations, this research will consider the

following objectives:

1. A review of the literature, to demonstrate the

relationship between traffic speed characteristics and

safety in the United States. This will include empirical

evidence as well as theoretical verification.

2. Development of a general approach that utilizes

spot speed characteristics and serves as a guideline for

highway safety improvement programs.

3. A study of the suitability of this approach for

application in Saudi Arabia.

4. The development of an experimental design for field

measurements of traffic speed characteristics on Saudi

Arabian highways.

5. An analysis of similarities and differences between

the U.S. and Saudi Arabia in traffic speed patterns.
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6. A discussion of the potential application of speed

characteristics as a surrogate measure for highway safety

in Saudi Arabia.

 





CHAPTER 2

LITERATURE REVIEW AND

CONCEPTUALIZATION

The research on traffic flow indices for the detection

of high accident potential highway sections and roadway

locations has received extensive attention from

professionals and academicians. Speed-distribution

Characteristics are among the driving-performance measures

which show the influence of both driver and road conditions

(1, 14, 46, 48, 60, 70, 75, 80, 92, 115, 117, 119, 121,

122, 123, 125, 131, 141). The speed distribution skewness

measure is of special importance because of its sensitivity

and potential to be a surrogate indicator of hazardous

locations. This chapter will review the literature, trace

the theoretical evidence, and integrate the available facts

to build a rational formulation of the suggested

relationship between the skewness index and hazard in

roadway locations. Finally, it will present an approach for

a highway safety program, and discuss its application in

Saudi Arabia.

21
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Conceptualization

In the United States, there has been a tendency to

overestimate the extent to which speed contributes to

traffic accidents. Steward stated that "considerable

emphasis is directed today toward fast driving and speeding

as a major cause of automobile accidents." He explained

that the reasons behind this tendency are:

a) a knowledge of certain statistics which

seems to indicate that speed violations are

frequently involved in automobile accidents;

b) a desire by safety officials and other

interested individuals to find a satisfactory

and feasible solution for the nationwide

problem of accidents. (118)

In the search for a more definitive

relationship, several researchers (32, 39, 52, 53, 97, 115)

have conducted studies regarding the relation of different

characteristics of speed to safety. The findings reported

by Solomon indicate the following:

1. The accident involvement, injury, and

property damage rates were highest at very low

speeds, lowest at about the average speed of

all traffic, and increased at very high speeds,

particularly at night. Thus, the greater the

variation in speed of any vehicle from the

average speed of all traffic, the greater the

chance of being involved.

2. The severity of accidents increased as

speed increased, especially at speeds exceeding

60 mph. /

3. The fatality rate was highest at very

high speeds and lowest at about the average

speed. (115)

Based on the findings of several studies, Warren

(134) develOped a graphical relationship between accident
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involvement rate and deviation from average traffic speed

(see Fig. 4). This figure shows the relationship for both

daytime and nighttime accident rates in the form of a

U—shaped curve.

 At that time, accidents appeared to depend less on

absolute and more on the variation of speeds in the traffic

stream. However, the cited research did not provide

conceptual or theoretical explanations underlying the

speed—safety relationships.

Marsh and Carson (64) concluded that motor vehicle

speed control is an extremely important element in

achieving safe and efficient traffic movement. In a review

of international speed regulation experiences, Smeed

concluded "that the imposition of speed limits seemed to

have had a favorable effect" (113).

Wilson (139) also wrote that speed zoning reduces

 
accidents, but he attributed accident reduction to the fact

that drivers would be more alert and therefore better able

 
to control their cars to avoid the necessity of emergency 
actions.

Haur (43) explained the role of speed regulation in

the context that on rural roads between intersections, the

probability of an accident involvement was closely related

to the rate at which overtaking took place. When upper and

lower speed limits were imposed, slow drivers traveled at

the lower speed limit and fast drivers at the upper speed

limit. Consequently, the uniformity of traffic speed would
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limit the desire of a driver to overtake. Therefore, as

reported by Lam, the greater uniformity of speeds leads to

reduced accidents. (58)

The research above presented some logical explanations

of how speed zoning reduced accidents, with the general-

theme that traffic—speed variation was correlated with

accidents. However, these studies did not explain how

traffic—speed variation took place, nor how it caused

accidents.

One of the significant works in speed zoning that

contributed to the explanation and verification of a

speed-safety relationship was undertaken by Taylor (124,

125, 126). He developed a new theory using the concept that

a relationship exists between the rate of accident

occurrence and the distribution of speed on rural highways.

By studying many Ohio speed zone sites (124), he found that

just lowering the higher speeds and raising the lower ones

is not sufficient to cause accident reductions, and that

the normality of the speed distribution must be taken into

account.

His theory is based on the fact that in situations

where all drivers are able to determine and evaluate the

conditions that exist at that time and at that location,

the resulting speed distribution is normal with no skewness

and with normal kurtosis. The normality of the distribution

is explained by the fact that the driver is a human being

and he has to evaluate nontangible associated costs with
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traveling, such as comfort, convenience, or service. The

variation in the distribution which occurs on certain

sections of highway is attributed to various drivers'

inability to properly evaluate the same situation.

Accordingly, Taylor proposed utilizing speed—distribution

parameters to determine unsafe highway sections. The

conclusion drawn from this research is as follows:

—There is a strong relationship between the ‘

rate of occurrence of accidents and speed A

distribution on rural state highways.

-Changing the speed distribution from

non—normal to normal results in an accident

rate reduction which is twice that found under

any other set of "before and after" conditions.

—The best parameter to use in

determining non-normality of speed distribution

is the skewness of the distribution.

While this research sets the stage for further

work on traffic—speed characteristics as surrogate measures

of hazardous locations, it does not offer theoretical

explanations. The literature on human engineering

approaches (7, 19, 24, 27, 28, 29, 30, 36, 57, 63, 73, 100,

108, 109, 132) provides deeper and more comprehensive

explanations.

This approach looks upon the three basic components

of the transportation system —— the driver, the vehicle,

and the environment —- and considers the driver to be the

most important part of the highway—traffic system. In the

driving situation, the three components are coupled

strongly through informational and mechanical links (57).

This informational and mechanical flow between the driver,
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the vehicle, and the environment requires the following

attributes of the driving tasks (90).

1. Perception (sensing the information)

2. Comprehension (understanding or

recognizing the information)

3. Decision (making a decision based upon

the information)

4. Action (performing some physical action

based on the decision)

In a traffic situation, motor—vehicle accidents

may be attributed to a variety of failure modes affecting

the aforementioned informational and mechanical

intersections linking the driver, the vehicle, and the

environment. The three components act collectively or

individually to degrade the speed and accuracy of

perception, comprehension, decision, and action by placing

driving demands beyond the limit the driver can handle (28,

132). Wallen stated that:

The human error identified in accident causation

studies is frequently related to information

failure (including recognition error) strongly

suggest[ing] that the demands of the driving

situation may be more than the driver can

handle. (132)

The direct effect of increasing the driving

demand is to increase the reaction time. Forbes stated

that: "As the complexity of the task increases the required

response time also increases. In addition, the chance of

making an error increases." (28)

Thus, we see that the time required for perception,

comprehension, decision, and action is a very critical

quality in highway driving and highway accidents. Forbes
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explained that in high driving and high accidents it is not

how fast the driver is, but how the driver stops that is

critical. In addition, he pointed out that the increased

volume and pace of traffic and the more efficient and

reliable performance of vehicles make driver reaction time

more important and more critical (28).

Therefore, it is possible to analyze the various

components of the driving task and to measure

experimentally the effect of different factors

(environment, drivers, and vehicle) on the human reaction.

In the case of the roadway environment, the driving demand

and thus the reaction time increase with increasing

geometric complexity of those highway features perceived as

potentially hazardous situations in the driving

environment. Versace, recognizing the complex factors

causing accidents, used factor—analysis technique in

studying roadway and accident data (130). He wrote:

Only a single factor emerged from a vast amount of

data in this analysis which explained where

accidents occurred. Although only highway

variables were included in the analysis this

one factor conveys the psychological.

There are more accidents at those places

where the situation places greater demands on

the momentary perception—decision motor

capacities of the driver.

For further conceptualization, Messer, Mounce,

and Brackett, in a recent study, offered a thorough

explanation of how a highway geometric failure may

influence an accident event. They attribute a failure
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situation to the existence of geometeric design

inconsistency, which is defined as

a change of such magnitude and unexpected nature in

the physical dimensions and appearance in the

roadway geometry between adjacent sections that

unfamiliar or moderately inattentive drivers

may be surprised, confused, and misled into

making potentially unsafe driving decisions.

6)

The likelihood of inconsistency occurring in

relation to the driver's expectancy is explained by the

following assumptions:

-Drivers require accurate information about the road

ahead to safely control their vehicles.

—Drivers generally "see what they expect to see" and

"expect to see" what they have been seeing along their

recent driving experiences.

In a study of decision making in a hazardous

activity, Cownip found that:

The subjects tend to adjust their behavior so that

their level of risk taking is more or less

independent of the severity of hazards they

encounter, but their decisions are influenced

by their experience of the results of previous

decisions, since no other information of the

stochastic properties of hazards is accessible

to them. (19)

Therefore, when the road ahead disagrees with

what is expected, the driver experiences some level of

surprise, conflict, and associated uncertainty. The greater

the uncertainty, the greater the information required to

resolve the uncertainty and the longer the response to
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whatever situation lies ahead of the driver. Thus, the

unexpected geometric design feature may lead to any or all

of the following driving-control responses:

1. a design—correct response

2. an incorrect response

3. no response

The last two of these response outcomes would increase the

probability of an unsafe driving situation.

Messer and his colleagues Mounce, Brackett, and Wenton

(76) operationalized the previous notion and introduced the

term of driver workload, which is the time rate at which

drivers must perform a given amount of work or driving

tasks, based on driver~expectancy considerations and using

a subjective rating scale developed for identification of

hazardous locations (see Fig. 5). A group of 21 experienced

highway—design engineers and research engineers rated the

workload associated with several geometric features as

shown in Table 3.

The above discussion explains how road geometry may

influence the occurrence of accidents. Kontaratos (57)

pointed out that their effects come primarily through the

sensory pathway reaching the driver, such as visual,

auditory, and tactile perceptions. However, the way the

driver sees and analyzes the situation ahead of him also

can determine the likelihood of an accident occurring. The

process of speed perception is defined by Krzeminski as

"the awareness of elements of the environment through
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Ratings:

0 --

DRIVER EXPECTANCY PROBLEMS RATING FORM

Nothing unexpected or unusual at this location.

Actions required (if any) entirely consistent with criving

strategy on approach.

Standard geometry. with pathway(s) for intended movement(s)

clearly evident.

No interferences by other traffic likely.

Situation somewhat unexpected.

Driver must be alert, but should be able to respond adequately

at "last minute" to most combinations of adverse circumstances.

Some initial confusion on intended path(s) or movement(s).

Interference from other traffic may create some degree of confu-

sion or uncertainty for average driver.

Very unusual Situation; will "surprise“ many unfamiliar drivers.  
Driver required to make major change in driving tactics from those

employed over past few miles.

At least a "near accident" almost expgcted if driver is even mod-

erately inattentive; evasive actions ikely to be required.

Intended pathway(s) confusing under fairly normal traffic or

lighting conditions.

Other traffic, or lack of it, aggravates situation and misleads

driver or deprives him of important cues.
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TABLE 3

SUMMARY OF GEOMETRIC FEATURE RATINGS FOR AVERAGE CONDITIONS

ON VARIOUS CLASSES OF RURAL NON—FREEWAY HIGHWAYS

 

 

 

 
 
 

Geometric 2~lane 4-lane

Feature High Mediocre Divided Undivided

0 Bridge

Narrow Width. No Shoulder 5.4 5.4 5.4 5.4

Full Hidth. No ShOulder 2.5 2.5 2.5 2.5

Full Hidth, Hith Shoulders‘ 1.0 1.0 1.0 1.0

o Divided Highway Transition

4-lane to 2-lane ___ __’ 4.0 ___

4-lane to 4-lane ___ ___ 1.8 ___

0 Lane Drop (4-2 lanes) ___ __ ___ 3.9

o Intersection

Unchannelized 3.7 2.8 2.4 2.1

Channelized 3.3 2.5 . 2.1 2.4

0 Railroad Grade Crossing 3.7 3.7 3.7 ‘ 3.7

o Shoulder Width Change

Full Drop 3.2 2.4 2.1 2.1

Shoulder Hidth Reduction 1.6 1.2 1,0 1.0

0 Alignment

Reverse Horizontal Curve 3.1 2.3 2.0 2.0

Horizontal Curve .3 1.7 1.5 1.5

Crest Vertical Curve 1.9 1.4 1.2 1.2

0 Lane Width Reduction 3.1 2.3 2.0 2.0

0 Cross Road Overpass 1.3 1.0 0.8 0.8

0 Level Tangent Section* 0.0 0.0 ‘ 0'0, 0.0

*Assumed

NOTE: Ratings of two—lane mediocre road (i.e., surface

treatment pavement without paved shoulders) and all four—

lane highways usually assumed to equal 0.75 and 0.65 of two—

1ane high—type highway ratings based on results of Exper—

iment II described in Chapter VI of Volume II.

Value system of ratings described in Fig. 2.
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physical sensation" (56). If the driver analyzes the

situation properly and makes necessary adjustments in

direction and speed, he will properly avoid accidents; if

not, he may be "overcommitted" and an accident will result.

The human-engineeering explanation relates the

hazardous locations on the highway to the occurrence of

accidents. It implies that when drivers traverse or pass

through a hazardous location, they will encounter increased

driving demands and experience slower reaction times, which

affect their driving performance and may result in

accidents or hazardous maneuvers.

Therefore, hazardous driving situations, which are

partially affected by the roadway environment, may be

investigated to uncover hazardous locations. MacDonald (63)

reported several experimental measures which can be used to

investigate the task of driving demands experienced by

drivers. These measures include:

1. subjective estimate of driving-task difficulty;

2. calculation of the complexity of attentional

demands of the road—traffic environment, based on

observation of "events";

3. indices of drivers' physiological arousal;

4. performance by the drivers of various tasks; and

5. performance of the driving task itself.

In a paper explaining how drivers responded to highway

hazards, DeWitt stated that:
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Driver performance measurement rates the combination

of decisions the driver makes in determining

how and when to make use of manual driving

skills as they relate to basic driving

knowledge needed to prevent accidents, in spite

of adverse conditions and the errors of other

drivers. (24)

In a study involving the field evaluation of

selected delineation treatments on two—lane rural highways,

Stimson and Kittelson explored the relationship between

traffic performance and accident probability on two—lane

rural highways, based on the general hypothesis that:

Each of several traffic performance measures and

geometric variables could be used to

independently predict a portion of the accident

potential. The traffic performance measures

would indicate the manner in which drivers

traverse a given section of roadway, and the

geometric variables would in effect define the

available factor of safety inherent in the

roadway design. Extreme values of traffic

performance measures in combination with a

limited factor of safety would be expected to

result in above average accidents. (119)

This hypothesis summed up the previous

explanations in a practical manner which explains the

interaction between the driver and the roadway. It

suggested that the researcher observe and analyze driver

behavior as a means of evaluating adverse roadway

conditions. It also adopted an engineering approach to the

accident problem by considering failure in the highway

design as the starting point of an unsafe situation.

As far as driver behavior in traversing a hazardous

section of a roadway, DeWitt quoted Vansodall, a traffic



sal

vel



35

safety specialist, "that you can do two things with a motor

vehicle: you can change its speed or change its direction"

(24).

Usually, drivers judge speed in part by vision and in

part by tactile sensations, and select a reasonable and

safe speed for prevailing conditions. Actually, drivers

have the ability to make unique and sometimes surprising

adjustments (27,36). MacDonald reported that in a detailed

field analysis, Curry found that velocity and an

"attentional" demand rating of traffic complexity were

negatively correlated because drivers typically decrease

velocity as traffic complexity increases in an attempt to

maintain task demand. Or, as explained by Bakove, the

reduction in vehicle speed enables the driver to adjust to

the volume of increasing visual information relative to

what can be mentally processed effectively (75).

The above behavior is expected from most of the

driving population who traverse a hazardous location.

However, subjective variations in perceptual abilities,

motor skills, and mental disposition prevent all drivers

from driving equally well at any one time, or the same

individual at different times. Thickry found personality

differences associated with either the tendency to "freeze

" when suddenly confronted with a high—stress situation“P

0r rise up to an emergency with superior performance. But

as a whole, it can be assumed that a driver probably does

about as well as can be expected "given the circumstances"
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(57, 132). On the other hand, misjudgments of speed are

expected from unfamiliar, risk—taking, and inexperienced

drivers who fail to evaluate the conditions of the road for

one reason or another.

The collective speed perception of all the traffic

traveling a certain section of a road can be measured by

observing the distribution of individual vehicular speeds.

When drivers are able to determine and evaluate the local

situation under freevflow conditions, the resulting speed

distribution will be normal and show no skewness. The

distribution will skew to the left when drivers perceive

the area to be more dangerous than it actually is, and it

will skew to the right when drivers perceive the area to be

safer than it actually is.

This phenomenon of traffic speed distribution

skewness, as explained previously, may be used to identify

high-hazard locations. This notion was mentioned in a

report published by the Minnesota Mining and Manufacturing

Company, saying that: "Monitoring the distribution of

vehicle speeds to predict accidents is like taking a

patient's temperature or blood pressure" (79).

With this background review of empirical verification

and theoretical explanation, we can suggest the following

approach for a highway safety improvement program,

beginning with the identification of hazardous locations.
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Approach Framework

The approach presented here is based on findings and

practices of previous research, and suits the conditions of

Saudi Arabia.

The basic hypothesis of this approach is that

speed-distribution skewness can be used to independently

predict a portion of the accident potential. The speed

distribution would indicate the manner in which drivers

travel a given section of a roadway, and the geometric

variables would, in effect, define the available factor of

safety inherent in the road design. Extreme values of

skewness index, in combination with a limited factor of

safety, would be expected to result in an above-average

accident rate.

A highway safety program based on this concept would

consist of the following steps:

Determining suspected locations. Any route chosen for

safety inspection would be divided into subsections. From

the original roadway design drawings and field

observations, suspected high hazard highway locations can

be identified using the following information:

1. Any previous accident history taken from police

reports, reports from local people, or personal observation

or experiences.

2. The reported research findings which correlate

accidents with individual design elements (15, 53, 94, 105)

(See Table 4).
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3. The reported research findings regarding the design

elements and combination of elements (geometric features)

that might lead to violations of driver expectancy and

create a geometric design inconsistency (75) (See Table 4).

4. The rating of driver—expectancy tests which measure

the readiness of the driver to respond to events,

situations, or the presentation of information. The rating

will be carried on by a diagnostic expert team who will

visit the site. Using a seven—point scale, the diagnostic

group (highway design engineers having expertise in highway

design, traffic engineering, and human factors) will rate

features of the roadway.

Spot—speed studies. At each selected suspected

location, a spot—speed study is conducted to obtain a speed

distribution for each site.

Statistical analysis. The resultant spot-speed

distribution would be checked for skewness.

Classification of safety level of the section.

Hazardous or safe sections are designated by the skewness

index. Parameters can be compared to the same parameters at

locations with known levels of risk to determine the

skewness value at which a location ishazardous.

Countermeasures. When extreme values are found to be

critical, indicating a safety problem, research is

conducted to arrive at the most suitable countermeasures.

Evaluation. Safety improvement of highway geometrics

may be evaluated by measuring changes in the speed

distribution skewness parameter.
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TABLE 4

ROADWAY GEOMETRIC EXPECTANCY FAILURE MODE ANALYSIS

BASED ON LITERATURE
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TABLE 4-—continued
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Application to the Case

of Saudi Arabia
 

As explained previously, it will be necessary to

depend on indirect measures to predict highway—safety

problems in Saudi Arabia or to evaluate safety

improvements, until there are complete records and adequate

capabilities to utilize them. The methodology presented

provides a simple and fast technique to identify

high-hazard locations. The following discussion will offer

more reasons for using this methodology in Saudi Arabia.

In reviewing road-network development in Saudi Arabia

using a study prepared by the Central Planning

Organization, it is discovered that the present road

network is built with various design standards and with

various construction practices. At the beginning of

petroleum production, roads were built by Aramco to follow

the terrain and to serve a light volume of traffic.

Horizontal and vertical alignments for high-speed traffic

were of no major concern. At the same time, the government

built a number of roads with various standards which are

not in accordance with modern road design and construction

procedures. Road geometries were sub-standard, and pavement

strength varied. However, some of the roads were rebuilt or

rehabilitated when the government launched its first 5—year

Program to develop a major network of modern two—lane

highways connecting all the centers of population.

Because Saudi Arabia lacked skilled manpower, foreign
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consultants were engaged to design and supervise the

construction of a 4,000—km program. The program actually

accomplished 8,027 km by mid-1970! By the end of 1970, the

Ministry had standardized its methods for selecting and

dealing with foreign consultants. Technical experience that

has been gained since the early days of the program

resulted in the 1971 revision of the general specification

and design standards. Since most of the main road network

consists of two-lane roads, the need to launch a program of

4,000 km of divided highways and expressways with higher

standards of geometric design and safety was apparent (78,

104).

The above discussion reveals that the rural road

network in Saudi Arabia has the potential of having

problems of inconsistency, because:

1. Even though sections of the old, low—standard roads

have been improved, the remaining sections are still in

Operation and are connected to higher-standard roads.

2. The road network in Saudi Arabia is built with

different design standards. The variation in design

standards comes from the variation of foreign consultants

Who practice different design standards than those of other

foreign contractors.

3. Some roads are built with inexperienced contractors

Who rush the job and do not comply with any design

standards. Thus, compound geometries, poor visibility, and

lack of transitions are common geometric features on the
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two—lane rural roads in Saudi Arabia.

4. Finally, the lack of adequate positive guidance,

such as warning signs and advisory speeds or the improper

use of such signs, increases the problem of inconsistency

on the two—lane roads in Saudi Arabia.

Drivers in Saudi Arabia, therefore, face problems of

inconsistency in the rural roadway network. They are

confronted with two types of inconsistencies: from abrupt

changes in design and from various changes in roadway

quality. This situation is made worse because of the 
absence of roadway information, which adds to the

uncertainty and brings about unsafe driving situations.

The problem of roadway inconsistency may be

substantiated when it is pointed out that non—Saudi drivers

constitute approximately one—third the number of drivers

involved in traffic accidents (see Table 5). Apparently,

they have less experience with the roadway system and the

variations in roadway design standards, which makes them

more prone to accidents resulting from these

inconsistencies. If further analysis could be done on the

available accident data, we may find that a major portion

of the Saudi drivers who get involved in accidents are

traveling outside their familiar residential region.

A solution to the accident prone roadway system of

Saudi Arabia needs to be undertaken immediately. In the

United States, a very strict screening process is used to

identify high-hazard locations, because the U.S. faces
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TABLE 5

DRIVERS INVOLVED IN ACCIDENTS,

BY NATIONALITY

 
 

 

Y Saudi Non-Saudi
ear . .

Dr1vers Dr1vers

1979 20,765 8,783

1980 17,740 10,531

1981 18,451 11,905

1982 18,096 10,922

 

SOURCE: Traffic Statistics Book, Ministry of Interior—

Public Safety, General Department of Traffic, pp. 251—4.
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severe financial limitations. Detailed records are kept of

accidents over a period of at least three consecutive

years. Then, only those sections of highways with the

highest incidence of accidents get money allocated for the

implimentation of further safety features. Saudi Arabia has

less severe financial limitations; therefore, indirect

methodology provides an acceptable alternative to

predicting highway safety problems in that country,

especially when the paucity of data and lack of skilled

capabilities to carry on accident analyses is noted. Speed

studies are easy to conduct and analyze, and will

facilitate and expedite any highway—safety program.

These conditions encourage the utilization of the

proposed methodology. Because of time limitations and

absence of adequate local capabilities, this research will

be concerned only with the potential application of traffic

speed distribution characteristics as a surrogate measure

for high—hazard locations in Saudi Arabia. The next step is

to design an experiment to explore this potential.

 





CHAPTER 3

EXPERIMENTAL DESIGN

To explore the potential of utilizing the proposed

approach and to assure the transferability of the U.S.

experience of speed distribution and safety relations to

Saudi Arabia, it is necessary to discover similarities or

differences in the traffic speed behavior between U.S. and

Saudi Arabia rural highways. The hypothesis used in the

experimental design is that this can be accomplished by

conducting spot speed studies on suspected high—hazard

locations and classifying them as hazardous or as safe

based on the speed distribution. If the speed distribution

skewness agrees with the findings in similar situations in

the U.S., then the degree of risk reflected by the

Speed—distribution skewness index may be attributed to the

tested section in Saudi Arabia. Similarities in speed

behavior and degree of hazard will encourage the

utilization of the technique for the evaluation of Saudi

rural highways.

This experimental design will be based on the

available literature and past experiences. Field

investigations and pilot spot speed studies were utilized

to identify constraints, limitations, and particular

47
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attributes in the study area or the study procedures in

Saudi Arabia. This experiment, in addition to the field

investigations and pilot studies, consists of the following

two major tasks:

1. site selection and description; and

2. spot speed studies.

It is important to note that this experiment is not a

mere spot speed study; rather, it is conducting a speed

study in particular settings and special traffic conditions

to develop a sensitive surrogate measure of a hazardous

situation. Spot speed studies are a new experience in Saudi

Arabia. Therefore, it is necessary to be familiar with

constraints, limitations, assumptions, and conditions of  
the experiment to come up with results that are

accurate and reliable.

Constraints and Limitations

of the Experiment

The factors that constitute limitations to the

experiment are the following constraints:

1. Lack of accident data (especially accident records

by location) made it compulsory to use indirect means of

identifying sites with potential hazards, such as using the

literature on accidents related to roadway geometrics and

physical characteristics of the highway.

2. Absence of any spot speed studies and data from

Saudi Arabia made it necessary to depend on past

eXperiences from the United States in choosing the sample
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data.

3. Paucity of engineering information about the road

system made it necessary to make extensive field

measurements.

4. Time limitations dictated the need for limiting the

study area and sample of locations. ‘

5. Shortage of skilled manpower made the researcher

work by himself, which increased the time of the study.

Assumptions and Conditions

As explained in the second chapter, the concept of

speed-distribution skewness as an indicator of hazardous

 location is founded on an implicitly rational assumption

that some correlation exists between the skewness index and

accident experience at a particular location. It also

implies that as individual drivers interact with the

physical characteristics of the roadway, they make an

individual evaluation of the adverse roadway conditions.

Hence, the observed spot-speed distribution reflects the

drivers' behavior when traversing a hazardous location.

Since this experiment is dealing with a problem of

observing and measuring driver behavior when facing a

hazardous situation, it is necessary to avoid, eliminate,

or control unknown or undesired factors that may influence

driver behavior. These factors are many and diverse, and

include volume as a major factor influencing speed choice.

Vehicular speeds are controlled to various degrees by
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the traffic stream and by traffic—control devices designed

to regulate traffic flows. Volume has a pronounced effect

on speed, particularly on two—lane rural highways where

volumes as low as 700 vph (high for rural roads) reduce the

average spot speed (90). It has also been found that on

two-lane rural highways, the average spot speed decreases

linearly with the increase in volume (18, 66, 90).

To avoid this effect of volume, the spot speed studies

in this study were carried out in free—flow conditions,

where drivers are free or virtually free from interference

by other vehicles (140). In this way, the speed measured is

the speed which reflects the drivers' interpretation of the  
conditions over the observed locations. The rural road

network in the study area, as well as most of the rural

highways in Saudi Arabia, carry very light traffic and have

free—flow traffic most of the time.

The free speed will then be a function of the drivers,

their vehicle characteristics, the highway characteristics,

and the environment. To further isolate the highway

characteristics from other influences, the factors

controlled by the environment, such as light, pavement

wetness, visibility, etc. were kept constant for all

vehicles.

The absence of any speed control (speed limits,

advisory speeds) or speed enforcement gives drivers more

freedom to assume a speed which they think suits the

prevailing conditions. However, this situation may increase
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the variation of individual drivers' speeds as compared to

a situation with strict speed control and enforcement, such

as in the U.S.

Site Selection and Description 

The study sites were chosen using the procedures

presented in the prescribed approach. For statistical

reasons, at least two highway sections with similar

characteristics were selected for each test. Sites whose

physical characteristics or previous accident history met

the criteria for suspected hazardous locations were

considered for the test.

As the last step in selecting a field study site, each  
prospective site was inspected personally. This field

inspection included the following items:

-checking roadway geometrics for consistency over the

route

-locating geometrically appropriate subsections at

which to observe traffic speed

-marking the locations where the spot

speed-distribution studies were to be conducted

-obtaining all pertinent information about the roadway

section using the information sheet shown in Fig. 1,

Appendix A

The process of locating the study consisted of the

following steps.

1. deciding on the general study area;
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2. choosing the rural network; and

3. selecting the study locations.

Deciding on the General

Study Area

 

Given limited resources and time, this research had

to be conducted in one area of the country. The Eastern

Province was chosen to be the general area of the study

because it is one of the first areas in the country to

enjoy a road system (see Map 1). It also features old and

new highway facilities. Two-lane roads serve most of the

villages and cities in the area. This area attracts

many people from other parts of the country and also

includes a big foreign labor community, which makes it a

good representative of the population of drivers in the

whole country.

Choosing the Two—Lane Network

After a preliminary field investigation and consulting

with the roadway department, it was decided to concentrate

on the two—lane network in Alhassa area (see Map 1),

because:

1. it carries sufficient traffic to obtain the

required sample in a reasonable time;

2. it contains roads with both good and poor design;

3. it is accessible and familiar to the researcher.
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Selecting Study Locations
 

Rather than identifying potentially hazardous

locations using local police information or citizen

observations, this research was left to choose among

conventional hazardous highway locations, such as curves or

intersections (17, 75). Curves on the two—lane rural

network were selected as the study population of hazardous

locations.

Limiting the study to curves has many advantages, one

of which is elimination of any bias coming from subjective

choices of potentially hazardous locations. Also, it is

possible to compare results in Saudi Arabia with findings

and trends in the U.S. This is because the hazard on

horizontal curves is empirically and theoretically

documented (5, 53, 54, 98, 99). Also, speed behavior on

curves is well reported (49, 72. 100)-

Potential Hazard of Curves

Curve hazardousness is well documented in the

research, both empirically and theoretically, Many

researchers (5, 53, 54, 98, 99) have found that accident

rates vary with the sharpness of the curvature and that

Sharp curves have a higher incidence of accidents than flat

:urves. Moreover, the hazardousness of the curve increases

if it is unexpected or associated with other hazardous
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ants. In general, the hazard of the curve increases

the increase in curve sharpness (49, 72, 100).

Driver Behavior on Curves

In relation to driver behavior on curves, 3 study by

)epartment of Main Roads, N.S.W. (22) observed that

:les generally decelerated through the approach half of

:urve, reaching their minimum speed on the departure

of the curve center. And while passenger cars tended

:celerate through the remainder of the curve,

:rcial vehicles maintained minimum speed.

As an explanation for this behavior, Ritchie found a

1g inverse relationship between Speed and lateral

.eration for speeds above 20 mph.

This means that drivers negotiate a curve and select

their speeds according to a velocity lateral

acceleration relationship. Therefore, if speed

is considered a manifestation of drivers'

desire or utility for expedience, lateral

acceleration may be viewed as a comfort index

or safety criterion. (100)

This behavior was also operationally explained by

in, who concluded that:

a) operating speeds on curves are linearly

related

b) sight distance also affects operating

speeds on a curve, but to a lesser extent than

:urvature

c) curve super—elevation has no effect

an vehicle speeds. (121)

The above discussion on vehicle speed behavior

fves conforms with the expected behavior of drivers

~sing a hazardous situation. It also shows that speed



56

stribution characteristics may be a suitable check for

zardous situations.

Sample of Potentially

Hazardous Locations

 

 

To explore the general speed behavior of Saudi drivers

1 to study the trend of skewness index with various

grees of hazard, it is necessary to choose a wide

ectrum of hazardous situations. Since the hazard

:reases with the sharpness of the curve, tangent

:tions, plus a sample of curves with a wide range of

ii and several reverse curves, were chosen to provide

desired spectrum.

Previous studies of driver behavior on curves used

ferent sample sizes of locations. Taragin (121) measured

eds of passenger cars at the point of minimum sight

tance for the inside and outside lanes of 35 curves on

-lane rural roads in the U.S. Emmerson (25) measured

ads for 12 curves on two—lane rural roads in England,

1 curve radii ranging from 21 to 460 m. In a study of

measurement of vehicle free speeds, Both (12) selected

rural locations. Finally, in a study of using skewed

ad distributions to locate points of high accident

ential on low-volume, two—lane highways, Krzeminiski

ected 12 sites to conduct his study.

In general, if the locations are considered

vidually, then the emphasis on the sample of vehicles
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l the sample of locations would depend on the available

:ources of the experiment. But if the effect of location

'iation is to be considered, then the sample of locations

uld be 30 and above, depending on the statistical

ting to be done and the available resources of the

eriment. Since this research is considering the curves

separate treatments, but is also interested in the

iation of their effects, a sample of 30 or more

ations was required.

The sample of locations selected included 61 curves

h radii ranging from 120 m to 5000 m. The study sample

3 included 12 reverse curves. For comparison with

s—complex situations, speed studies were also attained

12 tangent sections.

Site Description

The absence of engineering information on local road

Letrics made it necessary to make extensive field

urements to obtain information on the curves. Some of

information —— like curve length, cross—section, and

side characteristics —— were obtained at the time of

study. To obtain the radius or the degree of curvature,

as necessary to conduct some surveying using a

dolite.

Knowing the curve length, it is possible to determine

degree of curvature and thus the curve radius. As

a in Fig. 6, the angle may be measured by placing a
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Fig. 6. Measurement of the angle by placing a

dolite on point PI.
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eodolite on point P1, which is the point of tangent

:ersection.

The intersection angle a may be found using the

lowing equation:

a: (a1 + a2) — 180 = 180 — 6.

Using the arc definition of degree of curve, which has

ditionally been defined as the angle subtended at the

ter of the curve by an arc lOOft. long,the degree of cur-

ure and the radius may be computed using these equations:

a:

1‘ Da ‘ 100L

2. R = 5723.578

3

In Table 14, all geometric information is tabulated

each curve.

Configuration of Monitoring Site

Each study section must contain a particular type of

ection (i.e., test site) a few hundred feet long over

h traffic speed is to be monitored. In this experiment,

d monitoring was conducted at about the midpoint of the

e, which is the prescribed practice in a study of field

uation used in selecting delineation treatments on two—

rural highways (see Fig. 7). For reverse curves, speed

rvations were made at the midpoint between two curves,

rescribed in Fig. 8. In the case of tangents, the

‘vation was taken on a flat section in the middle of a

tangent, as prescribed in Fig. 9.
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Spot Speed Studies 

The second major task in this research is conducting

vd studies at the selected sites. This part

isted of:

-Pilot speed studies to observe the nature of traffic,

liarize the researcher with the speed—measurement

ce, and identify any peculiar criteria for speed

urement in Saudi Arabia.

—Verifying speed studies. A few sites were chosen to

1re the approach speed along with the speed in the

Le of the curve, to verify the assumption that vehicles

.erate when they enter the curve.

-Actual speed studies conducted on the selected

.tially hazardous curves, along with the reverse curves

angent sections.

Conduct of the Studies

The actual collection of data at the selected

ions was made during a period of four months between

ry 10, 1983 and May 10, 1983. To assure a sufficient

a of vehicles in each location, the speed studies were

:ted in the daytime for a period of four hours ——

an 9:00 a.m. and 1:00 p.m.

lecause drivers are influenced in their choice of

,1ar speed by many variables (9, 31), it is necessary

e sure that the effects of variables other than
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lway characteristics are eliminated or decreased. The

:t controlled variables are the environmental variables,

luse they are random in nature. However, in this study,

.hose not to obtain data when it was raining or dusty,

use adverse weather conditions tend to lower spot speed

. Also, the speed studies were only conducted in the

ime of weekdays, to avoid any possible differences

een weekdays and weekends (90) and to eliminate the

cts of nighttime driving, because low luminance levels

e the driver to travel at slower speeds and to be more

ious (65). Even though the influence of the hour of the

on speed patterns is subject to disagreement, the

:e of morning hours, 9:00 a.m. to 1:00 p.m., eased any

: of the influence of this effect, especially when it

aported that speeds are slightly higher around 3:00 to

p.m. than during other hours (18).

The distribution of road-user characteristics is a

,ficant variable in this experiment, because the

ved parameter (speed) is a result of the drivers

acting with the roadway characteristics. The variation

eed distribution has been correlated with variations

road—user abilities and characteristics such as age,

residence, trip distance, and experience (40, 90,

In this study, the assumption is made that driver

cteristics are uniform across all samples obtained.

that women do not drive in Saudi Arabia, one of the

variables is eliminated; and there is no reason to
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Lieve the remaining characteristics would vary

;nificant1y among the sites chosen for data collection.

1 Another factor which influences speed is the roadway

racteristics. In this experiment, the effect of facility

e on speed is eliminated, because all sites are located

the two-lane rural network (90). In addition, a check "

made to be sure that the pavement surface of the

ected sections was in good condition, because rough

ement surfaces require a reduction in speed and cause

ad to be influenced by comfort criteria rather than

aty criteria (81).

The influence of the motor vehicle on spot—speed

'acteristics is related to the performance capabilities

he vehicle. Generally, motor vehicles can be grouped

passenger cars and light trucks, and heavy vehicles

18, 31, 90). Because heavy vehicles' free—flow speed

ffected more by the vehicle capabilities (which could

be controlled) than the road characteristics (12), it

decided to consider speed measurements for passenger

and light trucks only.

Because traffic volume is a major factor influencing

speed, it received considerable attention in this

'iment. Free flow traffic speed is the data needed to

the hypotheses in this study. Consequently, only

1e free speeds —— i.e., the speeds adopted by drivers

uninfluenced by the presence of other traffic —— were

red during the study. In this way, the speed measured
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the speed which reflects the driver's interpretation of

roadway characteristics. The assessment of whether a

cle was traveling at its free speed was a matter of

ment by the observer. Consequently, speeds were not

rded if there was any doubt whether a vehicle was

eling at its free speed.

As for the effects of interaction with other vehicles,

as found that moving in platoons caused speed

ctions, especially when heavy vehicles move as platoon

are or constitute a high proportion of the traffic

am (141). Therefore, to obtain a more representative

e of free-flowing vehicles, speed measurement was

ed when there were platoons of vehicles or heavy

:1es in the observed direction or in the opposite lane.

Although speed enforcement is lacking in Saudi Arabia,

[rivers are not familiar with radar speedometers, it

ecided that the observer and the radar meter should be

aled in a small passenger car throughout the study.

The accuracy of speed measurements also depends on the

r use and operation of the radar meter. For accurate

rement, the observer must associate a specific vehicle

.ing at a Specific speed, make a positive

fication of the vehicle, and assure minimum effect of

vehicles (142, 143). The fact that speed measurement

3 experiment was conducted by one person eliminates

ions due to human factors. More important to the

y of speed measurement is the proper location and
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ection of the radar. Usually, radar meters measure the

eds of both approaching and receding vehicles. In this

eriment, the radar meter was portable and set up inside

mall passenger car, so that it was possible to align the

trument correctly with respect to the line of travel of

vehicles.

Finally, decreasing the variation due to

d-measurement errors was accomplished by selecting an

uate size and representative sample. This is discussed

he following section.

Sample Requirements

The choice of the sample size to be used in conducting

data—collection effort is one of the more important

sions to be made in the planning phase of any research.

The exact sample size required in any statistical

ysis is dependent upon the size of the interval and the

1 of confidence which is desired. It is also dependent

the particular parameter being estimated.

Walpole and Meyers (133) stated if the sample mean

used as an estimate of the population mean, we

e (1-a0 100% confident that the error will be less

a specified amount e, when the sample size is given

2/25
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e Z is a normal random variable with mean zero and

ance one and d is the standard deviation of the

lation.

Walpole and Meyers (133) stated that the sample

dard deviation "s" can be used as an estimate of the

lation standard deviation if the sample size is equal

greater than 30. This sample standard deviation can

tained by taking a small set of observations, or it

e estimated from past studies. Oppenlander (87) found

a standard deviation of 4—5 mph can be used as a "rule

umb" in minimum sample size determination, as shown in

6.

Webster and Gruen (136) offered the following 
ssion for determining the minimum number of

vations to predict the properties of a normal

ibution by a sampling procedure.

2d

= minimum sample size

normal deviate to the desired confidence level

- standard deviation of the sample

- normal deviate corresponding to the percentile

stimated

= permitted error in the estimate

series of graphic solutions to the above theoretical

IS were developed by Oppenlander, Bunte, and Kadakia





 

69

TABLE 6

STANDARD DEVIATIONS OF SPOT SPEEDS

FOR SAMPLE SIZE DETERMINATION

 
 

 

. Are Highway Average Standard Standard Error

1C a Type Deviation of Estimate

Two—Lane 5.31 0.41

4.16 0.38Four—Lane

 
SOURCE: Oppenlander, J. C., "Sample Size Determination

pot Speed Studies at Rural, Intermediate, and Urban

ions," Highway Research Board Record No. 35, 1963,

8—80. 
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1) (see Appendix A).

Using the "rule of thumb" value for the sample

andard deviation, the minimum size can be determined from

g. A-l in Appendix A.

for s = 5

and confidence level = 95%

N = 150 vehicles

Past studies on vehicular speeds have shown that a

lple size of 150 vehicles would be an adequate size for

s determination of mean spot Speed at each study site

, 87). This sample size was based on a desired accuracy

less than 2 mph.

Another approach was used by Shumate and Crowther

O), in which they sampled all vehicles that passed in a

an two—hour period. Both (12) reported that on the most

hly traveled roads, observations for at least two-hour

Lods were required to obtain a satisfactory sample, but

Less heavily traveled roads a considerably longer period

required.

Given the conditions of low traffic on Saudi rural

1ways and the fact that the speed variance on Saudi

ways may be greater than on U.S. highways, it was

ded to increase the sample size to 200 vehicles. A

—hour period was sufficient to obtain the required

1e size at all locations, and the sample size exceeded

vehicles at some locations.
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Data'Collection

Recognizing that measurement techniques may produce a

lificant bias in data, the author took all measurements

'ehicular speeds with the radar meter. When the data

ection was completed for several sites, the raw data

each site was input into the computer using a

—sharing terminal. (The computer facility at King

al University was used for this purpose.) By the end of

data—collection phase, the raw data for all sites were

rded on magnetic tape.

Statistical Analysis

After recording the data on magnetic tape, the data

processed using the statistical methods in the SPSS to

the following statistics:

x = mean value of the spot speed distribution

S = the standard deviation of the distribution

#3 = skewness index

#4 = kurtosis

The statistical tests are based on the general

ption that spot speed distribution characteristics in

Arabia are similar to those in the U.S., and more

cularly that the spot speeds on a particular roadway

ion from which a sample is drawn are normally

ibuted. The statistical tests include the following.

Normality of the spot speed distributions are checked

Tables F and G of Appendix B (2), which give 0.05 and
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1 points of the sampling distributions of/J3 and

If a given sample has a value of ,u3 beyond

0.05 point for that statistic, the population may be

ned to be non—normal. A more strict test would use 0.01

its.

Those tables are used for any normal distribution ‘

lation, but they provide a very strict test of

lificance for spot speed distribution normality at

Ldent-prone locations. Krzeminiski, in his study,

:rmined that the boundary point separating normal from

-normal or skewed distributions is a value of Y1

11 to 0.1. Consequently, if the skewness index found for

:rtain spot speed distribution is greater than 0.1, then

distribution is deemed to be non—normal.

Similarities and differences in spot speed

,ribution characteristics between Saudi Arabia and the

are explored by comparing the statistics found in

i Arabia with the ones in the U.S.

Trends in speed behavior on Curves, and also trends in

ness index with curvature degree, are explored using

ession analysis.

For comparison purposes, the Gosset "student—t"

ribution was used to check any significant differences.





CHAPTER 4

DATA ANALYSIS

The review of the literature has established

>nclusively that curves on two—lane rural roads have a

.gher accident potential than tangent sections. Based on

leeds observed in Saudi Arabia, there is no reason to

:pect a different pattern in this study. The main purpose

this analysis is to find out whether the skewness index

the speed distributions on curved sections reflects the

ticipated hazard.

Since the ultimate goal of this study is to determine

the skewness index can be used as a predictive tool

thin a general highway safety program for Saudi Arabia,

is necessary not only to verify the transferability of

a hazard surrogate measure, but also to establish its

uitations, strengths, and weaknesses.

Spot speed studies were conducted on a wide spectrum

situations, ranging from least hazardous (tangent

:tions) to most hazardous (reverse curves), to obtain

,a for the following analyses:

-analysis of the speed—distribution characteristics to

73
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dentify similarities and differences between driving

ehavior in Saudi Arabia and driving behavior in the U.S.

—verification of the skewness index as a surrogate

easure for hazardous locations in Saudi Arabia.

-exploration of any variational or trend

haracteristics of the skewness index to establish

imitations and criteria for its use.

Statistical Results

The speed data were processed in the computer using

1e statistical methods in the SPSS to obtain the following

peed—distribution parameters.

2 = mean value of speed distribution

3 = standard deviation of the speed distribution

‘F3 = skewness index

M4 = kurtosis

Normality Tests

The normality of a distribution is used not as a

ntinuous variable, but as a classification variable. The

0 classes are normal and non—normal (skewed) as

termined at the 0.05 percent level of analysis of the

efficient of skewness. The skewness—index value for each

eed distribution was checked against the 0.05 percent

gnificance limits as shown in AppendixB (Table F).

For comparison purposes, normality of the speed

:tribution was also determined at the 0.05 percent level





 

—fi_

75

by the analysis of the coefficient of kurtosis, as

prescribed in Appendix B (Table C).

Speed and Speed Distribution

Characteristics

One hypothesis in this research is that drivers in

§audi Arabia are similar to drivers in the U.S. However,

:he absence of speed control (speed limits, speed zoning,

,dvisory speeds, and speed enforcement), and the lack of

ositive guidance in the traffic operation on two-lane

ural roads in Saudi Arabia, suggest that traffic—stream

haracteristics including the spot speed distribution may

ossess some differences and variations from similar spot

peed distributions in the U.S. Therefore, it is necessary

0 identify these differences (if any) and study their

ossible effects on the use of the skewness index.

Tangent sections with minimum marginal friction were

10sen to observe the Saudi driver's behavior under roadway

lnditions where the physical characteristics (road

rometrics, roadside development) as displayed in Fig. 10—A

lpose no perceptual difficulties. The parameters of the

ot speed distribution for five straight and level tangent

ctions with paved shoulders, minimum off-road objects,

d adequate lateral clearance are tabulated in Table 7.

For the mean speeds, Saudi drivers are shown to

proach an overall average speed of 62 mph on two—lane

agent sections, as compared to an overall average of 53

1 reported in Table 8 for U.S. drivers.





A.

1g.
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 vi?
Tangent section with marginal friction.

10. Roadside development conditions.
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TABLE 7

FOR TANGENT SECTIONS WITH

MINIMUM MARGINAL FRICTION

 
 

 

 

Mean Standard Sk wnes N l't

mph Deviation Kurtosis Fidex s 02%;“: y

x s

60 9 0.210 —0.179 Normal

64 11 —0.004 0.496 Skewed

64 12 -0.517 0.517 Skewed

61 10 —O.154 0.685 Skewed

60 9 —0.277 0.305 Skewed

Overall Average Mean Speed = 62 mph

= 10.20Overall Average Standard Deviation
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TABLE 8

SPEED DATA FOR TANGENT SECTIONS

ON TWO-LANE RURAL HIGHWAYS

 

 

 

 

   
  

    

 

     

  
 

 

 

 

  
 

 

     
 

new Speed {will 1

. -3 I Nun: 1

Speed Cpsrxeaa Sounat:eaz Upa::aas acvnstrcan

31:0 Lixlt Statima Static: Szaczon Station I

steer (:ph) l 2 1 2

M .6 55 49.2 49.3 50.6 51.2

.A 3.‘ 55 $5.5 55.2 $6.3 $6.6

LA 7 5'3 57.5 57.4 $5.3 56.9

'3. So 40 47.6 - 45.3 51.6 51.:

A 29 55 64.9 54.4 $6.7 55.5

2 so so 51.: s:.o', 52.4- 1.5

A 13 55 56.7 155.8 57.2 57.3

A 1.6 55 56.9 55.6 57.3 57.1

106 SC (7.9 d3.2 (3.1 (5.5

A 25 55 55.9 55.0 56.1 55.1.

1‘ 19 55 £9.83 49.0 ‘9.8 49.7

1‘ 30 SS 52. 52.6 53.5 53.5-

Speed Variance (whl‘

155 55 72.3 .‘2. 7'2 S 53.1

.3'.’ 55 65.? 61.3 150.; 92.5

A 7 55 77.8 31.1 93.5 103.7

50 40 61.5 69.5 $7.0 56.3

29 55 éO.I 55-.) 0.8.1 7.5

60 S 98.9 90.0 112.. 96.6

13 55 59.5 62.9 32. 51.5

16 SS d7.5 $7.1 65.4 65.6

£6 50 77.5 74.8 35.8 39.7

25 55 {1.5 $2.3 65.0 59.5

19 55 59.6 57.4 33.2 57.8

30 55 $7.3 39.2 62 6L7

iOURCE: W. H. Stimpson, H. W. McGee, and W. K.

SOD , "Field Evaluation of Selected Delineation

ents on Two—Lane Rural Highways: Final Report"

ngton, D.C.: U.S. Department of Transportation,

1 Highway Administration, October 1977), p. 206.
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For speed variation around the mean, the speed

1distribution registered an overall average standard

deviation of 10.20, as compared to an overall average

‘standard deviation of 8.09 for tangent sections on two-lane

rural highways in the U.S., obtained from Table 8 (119).

This relatively high average speed and standard deviation

underline an excessive speeding habit for many Saudi

drivers.

This excessive speeding habit is better displayed in

Table 9, which indicates that on the average about 87

lercent of Saudi drivers exceed 50 mph, and about 50

lercent of them exceed 60 mph, as compared to 75 percent

xceeding 50 mph and 36 percent exceeding 60 mph reported

or drivers in the U.S. (135).

Speeding on two-lane rural roads in Saudi Arabia was

sported in 67 percent of all the accidents which took

lace in the country during 1980 (see Table 2). Although

1e report probably overemphasized speed as an accident

Luse, it still reflects a long—time observation of

gressive driving and excessive speeding of many drivers

Saudi Arabia.

In explanation of the excessive speeding problem on

a two—lane rural roads, Knell (55) reported that on

>—lane carriageways or motorways in the United Kingdom,

,vers are inclined to take greater risks, and usually

eed speed limits despite the risk of fines. The absence

speed control, which is known to have a marked effect in
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TABLE 9

PERCENTAGE OF VEHICLES (PASSENGER CARS

AND LIGHT VEHICLES) EXCEEDING

50 MPH AND 60 MPH

 Percentageof VehiclesPercentage of Vehicles

Exceeding 601nph

Site

 

No. Exceeding 50 mph

50 90.00% 59.00%

52 85.50% 56.00%

46 88.70% 46.90%

2 82.70% 44.40%

45.30%3 87.80%
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reducing extreme and average speeds and consequently

decreasing the variation around the mean (50, 64, 112),

nakes the situation on the two—lane rural roads of Saudi

Arabia worse. Without enforcement, aggressive drivers are

left free to decide their own speed, which is most often

higher than the safe speed.

The fact that men constitute the total driving

population in Saudi Arabia, and young drivers form the

lighest proportion of that population, may also partially

Explain the problem of excessive speeding. Higher speeds

1nd higher—risk driving have been associated with men and

Loung drivers (90).

Moreover, the survey published by The Ministry of

'ransportation (see Table 10) indicates that new cars

 
which are increasingly imported to the country) constitute

he highest portion of the vehicle population. These cars

re driven faster than older ones because they ride more

Dmfortably, travel more smoothly and quietly, handle

atter, and are generally in better mechanical condition

10) than the older cars.

At the same time, the driver population in Saudi

abia also contains some excessively slow drivers, as

idenced by the observed wide range of speeds shown in

)le 11. The average minimum speed at the five tangent

Ltions was 38 mph, as compared to an average maximum

ed of 90 mph at the same locations.

This problem may be attributed to the fact that each
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TABLE 10

VEHICLE AGE DISTRIBUTION

 

 

 

 

 

         
 

Percentage of vehicles

Average

age of . . "r _

vehicle Private ' . Pick- 2-axle 3-axle Truck- ;.actor

( ear) passen- Tax; up Bus truck truck trailer semi-
y ger car trailer

0-2 38.6 13.6 57.6 21.7 19.6 48.0 17.2 36.8

3-4 15.3 23.0 14.3 3.8 13.4 26.6 10.3 17.9

S-r7 24.8 45.2 11.0 12.8 35.1 21.5 25.1 22.8

8-10 14.2 11.6 11.6 40.8 21.7 2.1 17.2 9.5

11- 15 4.7 5.8 3.5 18.3 6.2 0.9 17.2 4.3

>15 2.4 0.8 2.0 2.6 4.0 0.9 13.0 8.7

Total 100.0 100.0 10010 100.0 100.0 100.0 100.0 100.0

Average 4.9 5.7 3.8 7.5 6 4 3.4 8.6 5.5
age

SOURCE: National Transportation Survey, Volume 11L:
 

'Roads and Road Transport" (Kingdom of Saudi Arabia, Central

Dlanning Organization, 1975), pp. 5—14.

 





 

 

TABLE 11

OBSERVED SPEED RANGES ON TANGENT SECTIONS

ON TWO—LANE ROADS IN SAUDI ARABIA

 

 

 

§ite No. Speed Range

46 34 80

50 38 97

52 39 99

82 43 9O

83 40 85
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year many new drivers, with little training and short

driving experience, are licensed (see Table 12). Those

inexperienced drivers often drive cautiously and maintain

their cars at very low speeds (90). The lack of speed

limits, which are reported to bring lower speeds closer to

the mean (56), contributes to this wide variation in speed.

In summary, the absence of speed control, combined

with certain driver and vehicle characteristics in Saudi l

Arabia, partially explain the high incidence of excessive 1

speeding. However, the same combination of factors on U.S. ,

highways would probably not result in the same speed

distribution, as the higher speeds stem also from the

aggressive driving attitudes of many Saudi Arabian drivers.

The lack of adequate driver education and the absence

of stringent licensing tests allow many inexperienced

drivers to drive in the roadway system. These drivers often

travel at excessively low speeds. Therefore, the spot speed

distributions in Saudi Arabia would feature relatively

higher means and standard deviations than similar speed

distributions in the U.S. The distribution often contains

extreme high and low speeds on one or both ends, which

increase the variance, the skewness, and the kurtosis.

Normality of Spot Speed

Distributions on Tangent Sections

The distribution of individual speeds for all drivers

on tangent highway sections was found to be normal in the

J.S. (55). However, the normality test in Table 7 shows
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that all but one of the speed distributions are skewed. In

the U.S., this would indicate that drivers faced some

perceptual difficulties, and thus the site was potentially

hazardous. In theory, the higher average speed and standard

deviation observed in Saudi Arabia should not change the

shape of the speed distribution from normal to non—normal.

However, since the coefficient of skewness measures the

second moment about the mean, a few drivers who drive with

excessive speeds would lead to a distortion of this index

 

2
m - 3

[43 = 3 = ELEJL£15 = skewness index

In2 E(x — i)

To reduce the effect of those few drivers with

extreme speeds, the speeds at both ends of the speed

iistributions shown in Table 7 were eliminated by only

:onsidering speeds within two standard deviations of the

mean (E i 20). With this data modification, the

'esults were as shown in Table 13, and the skewness

.ndexes registered the expected normal speed distribution

’or all the tangent sections except one. This modification

ad little effect on the shape of the distribution, as

hown in Appendix C.

In addition to the spot speed observations on tangent

ections of highway with no roadside interference, another

roup of tangent sections with more marginal friction on

0th roadsides (unpaved shoulders, slopes, ditches, and
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TABLE 13

RESULTS OF THE MODIFIED SPOT SPEED DISTRIBUTION

CHARACTERISTICS FOR TANGENT SECTIONS

 

 

 

 

Site Mean Standard Kurtosis Skewness Normality

No. mph Dev1ation Test ' Test

46 60 7.435 0.311 —0.154 Normal

50 63 9.779 0.635 0.227 Normal

52 63 10.482 —0.620 0.280 Normal

82 59 8.744 0.418 0.658 Skewed

83 59 7.993 0.671 0.129 Normal

Overall average speed = 61 mph

Overall average standard deviation = 8.89
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Less lateral clearance, as displayed in Fig. lO-B) were

selected and spot speed data obtained. As shown in Table

14, the presence of roadside friction resulted in a speed

distribution with both a lower mean speed and less speed

variation. Consequently, the skewness indexes indicate a

normal speed distribution for all these tangent sections

with no modification of the raw data. Since this level of

roadside development is commonly found in the United

States, this result tends to verify the relationship

between sites with relatively low hazard and a non-skewed

speed distribution.

The skewness index is very sensitive to traffic

aperational characteristics as well as to the physical

:onditions of the roadway (125, 126). This sensitivity may

Lead to unrealistic results because of the complexity of

:he factors influencing spot speed characteristics. In the

:bsence of speed control measures in Saudi Arabia, the

ariables influencing speed choices increase and are even

ore complex than in the U.S. Human factors, which are more

omplex and random in nature than the physical factors,

ssume a more significant role in speed choices.

Even with the Saudi attitudes of aggressive driving,

1e lack of speed control, and different driver and vehicle

aracteristics, the drivers' speed behavior on tangent

ctions with some side friction proved to be normal, which

similar to the drivers' behavior in the U.S. Where there

no side friction to restrict very fast drivers, when
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TABLE 14

SPOT SPEED DISTRIBUTION CHARACTERISTICS FOR

TANGENT SECTIONS WITH MARGINAL FRICTION

 

 

 

 

ite Mean Standard Kurtosis Skewness Normality

No. mph Dev1ation Test Test

5 51 8.364 —O.312 0.133 Normal

3 54 9.447 -O.187 0.193 Normal

6 46 7.565 —0.435 0.227 Normal

8 53 6.29 —O.230 0.062 Normal

5 47 7.619 —O.297 0.130 Normal

6 47 7.233 —0.823 0.204 Normal

Overall average speed = 50 m.p.h.

Overall average standard deviation = 7.75

 



 

 



 

90

eeds which exceeded two standard deviations beyond the

an were eliminated, the skewness indexes registered

rmal.

This conclusion sets the stage for testing the

pothesis that speed-distribution characteristics can be

:ed to identify operational deficiencies and thus

.zardous situations.

Speed Behavior When

Negotiatinngurves

Since spot speeds are to be observed only at the

nter of the horizontal curve, it is necessary to

termine whether driver behavior when traversing a curve

similar in the United States and Saudi Arabia. In the

8., when traversing a horizontal curve, drivers

celerate to a constant speed, then accelerate when

erging from the curve. This speed behavior is a measure

the interaction of the individual drivers with the

inging roadway conditions (46).

This behavior was checked by observing speeds on eight

ves and their respective approaches, the results of

ch are shown in Table 15. On tangent open sections of a

d, a driver's choice of free speed is determined by his

ired speed and vehicle capability. However, on curves,

speed is limited by the road geometry, a restriction

h applies to all drivers. Therfore, the mean and

dard deviation of the speed distribution on the curve

d be expected to be less than on tangent sections.
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TABLE 15

SPOT SPEED DISTRIBUTION CHARACTERISTICS ON

CURVES AND THEIR APPROACHES

 

 

  

 

Approach Curve

Mean Standard Mean Standard

mph Deviation mph Deviation

44 6.719 43 5.697

46 8.835 45 6.261 I

41 7.698 37 7.0741

45 6.447 39 5.730 3

46 8.165 41 6.511 '

51 8.364 33 5.608

53 6.290 34 4.318

47 7.619 41 6.511
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When comparing the parameters of mean speeds and

tandard deviations of the curves and their approaches

sing the Gosset "student" distribution, as shown in Tables

6 and 17, the differences proved to be significant. This

eans that drivers, when confronted with a curve, changed

heir speed to suit the new conditions, and they also drove

loser to the mean.

The fact that the speed changes when moving from a

angent section to a curve section verifies the assumption

lat the speed the driver assumes on the road is related to

Ls expectancy. Drivers select a reasonable and safe speed

)r prevailing conditions, and change this speed when the

:pectancy is altered.

The observation that there is a lower standard

aviation means that the geometric complexity of the curve,

,ich is more restrictive than the tangent section, has

fluenced all drivers to drive slower and closer to the

an. This tends to eliminate extreme speeds, and speeds

ken at the center of the curve may not require

dification before testing the skewness index. The

ysical conditions of the curve rather than the driver

aracteristics determine the speed of traffic.

It is a common observation that drivers slow down when

ey encounter a horizontal curve on a rural highway (121).

a extent to which they slow down appears to be related

Lmarily to the degree of curvature. Taragin (121)

>orted an average speed change of 0.7 mph for each
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TABLE 16

COMPARISON OF MEAN SPEEDS (MPH)

FOR THE CURVE AND ITS APPROACH

 
 

 

 

 

 

APMZSHCh
fii;xf Difference

44 43 1

46
45

1

41
37

4

45
39

6

46
41

5

53 34 19

p O

M# o

. —x (x. —i)2

1

—6.5 42.25 S = 330 = 7.07

—6.5 42.25

_ 12.25 = 7.50 — 0 =

3.5 t -———7.07 J8 3.00

—1.5 2.25

- o
6.25

=

2 5 tO'OS 2.365 F0

10.5 110.25

11.5 132.25 D.F = 7

—1.5 2.25 t = 3.0 > t0.05 = 2.365

350

 

reject the null hypothesis
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TABLE 17

COMPARISON OF STANDARD DEVIATIONS

FOR CURVES AND THEIR APPROACHES

 

 

CurveApproach

 

 

 

 

 

Standard Deviation Standard Deviation Difference

6.719 5.697 1.02

8.835 6.261 2.57

7.698 7.074 0.62

6.447 6.730 0.75

8.165 6.511 1.67

8.364 5.608 2.76

6.290 4.318 1.97

7.619 6.511 1.11

§=0

3940

xi — i — i)

—0.54 0.29 S = 4.?7 = 0.82

1.01 1.02

—0.94 0.88 t = 1.868; 0 V8 = 5.38

—0.81 0.66 '

0.11 0.01 t0.05 = 2.365 FmD F = 7

1.20 1.44

0.41 0.17 t = 5.38 > t0.05 = 2.365

—O.45 0.20

4.67

 

 

reject the null hypothesis
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ree change in curvature. This implies that the tighter

urve, the greater will be the influence of road

try on drivers' choice of speed. That is obvious when

ean speed and standard deviations of the individual

distributions for the curve sections in Table 18 are

ssed with the radius of the curves and their degrees

rvature. (See Appendix E.)

For the mean speed, the curvature radius produced

stically significant effects at a significance level

< 0.05. This equation shows the speed increases as

adius increases.

v = 36.67 + 0.0023R

r2 = 0.57650

4
1

ll mean speed (mph)

R = Radius (feet)

F = proportion of variance of the

independent variable explained

by the regression

The same trend found in this study is supported by the

Lcal speed curvature relationship reported by McLean

Ln Table 19, which shows the 90th percentile speed,

)ercentile speed, and median speed as curve radius

ses.

sing the radius as the measure of the curve, Fig. 11

ys graphically the relationship between the mean

and curvature radius, which is comparable with the
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TABLE 19

EMPIRICAL SPEED—CURVATURE RELATIONSHIPS

 Decendcm wnablo

 

 

  

 

 

 

100031300001 Tuacln. Dug. Enmoncn. ’-

“‘ -°-° 00m Pctccnmo speed 05111 9010001110 00000 new” ’00“
(km/h) (hm/M [km/h) _W

Curve 100525 59.1 + 0.0058 52.3 + 0.0038 40.8 + 0.09m

H (m) t? = 0.59 (2 = 0.91 t2 =2 0.77

\/F1 432+ 2.10 VF! 31.7 + 2.05 VR 25.9 + 2.52 \/R

r2 = 0.67 r2 = 0.90 11' = 0.68

Curvalme 89.4 — 0.450 03.1 -. 0.550 "73.7 — 0.190

C (deg! 100m) 13 = 0.74 ' r2 = 0.73 11' = 0.87

Exponen:ial' 53 (1 .. a 4.0145) 39 (1 .. o 4.018) 74 (1 _. 0 -c.01m)

:2 = 0.73 ' 12 = 0.71 12 = 095V0 (1 -—e-Bn)    
 ' An 1101:1129 tweed-.110 was used [or the cxponcnzul model to 1:101 Ibo pmamolou 101 ml: model may be

alt-trims!

SOURCE: J. R. McLean,
H . .

Driver Behav1or on Curves:

View," ARRB Proceeding§ 7 (Pt. 5) (1974):135.
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1eed—curvature relationship obtained for Taragin's (121)

‘54 data, as shown in Fig. 12.

The regression equation is:

; = 49.731 — 0.949Da

r2 = 0.60410

v = mean speed

D = degree of curvature

This equation says that as the degree of curvature

creases, the mean speed decreases. This trend is also

pported by the speed—curvature relationships reported in

ble 19, which shows the 90th percentile speed, the 85th

rcentile speed, and the median speed decreasing with the

:rease of the degree of curvature. More specifically, it

similar to the trend displayed by the Taragin equation

5):

V = 46.26 - 0.746D
a a

Fig. 13 displays graphically the relationship between

r speed and degree of curvature. This is also comparable

h the empirical speed—degree of curvature relationship

nd by Taragin (121), as shown in Fig. 14.

For the standard deviation, the effects of the radius

found to be statistically significant at p1< 0.05. The

ression equation is:

Sd = 5.953 + 0.0005R

r2 =0.57061

Sd = standard deviation
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R = curve radius

This equation indicates that the standard deviation

eases as the radius increases. This rising trend is

displayed graphically in Fig. 15.

Using the degree of curvature, this regression

tion is

S = 8.967 — 0.2112Da
d

2

r =0.48602

Sd = standard deviation

Da = degree of curvature

This equation indicates that the standard deviation

:ases as the degree of curvature increases. This

,ning relationship is displayed graphically in Fig. 16.

These models confirm the assumption that as the curve

es tighter, the drivers decrease their speed and drive

r to the mean, and thus the mean speed and the

ard deviation decrease. A better fit of the data may

tained with a non—linear equation, but the

ionship is significant even with a linear

ximation. Since these equations are being used not to

ct behavior but only to demonstrate a phenomenon,

inear equations are not tested.

The findings confirm the notion that the influence of

sive speeds on the skewness index will decrease as the

tric complexity increases. This should increase

ience in the skewness index results, as data

Lcations will not be necessary.
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The fact that Saudi drivers perceive, evaluate, and

espond to conditions on tangent setions in the same manner

5 do U.S. drivers allows the testing of the hypothesis

hat they perceive and evaluate the adverse roadway

onditions imposed by curve sections similarly to U.S.

rivers. The general speed behavior found for Saudi drivers

3 similar to that of U.S. drivers. However, this general

peed behavior has not yet been related to the perceptual

ifficulties associated with traversing each individual

urve, which is the main theme of this research.

Normality of the Speed

Distribution on Curves

The speed distribution skewness index is the

tatistical parameter used to register those perceptual

[fficulties associated with traversing a curve. While the

Jeed distribution of Saudi drivers on tangent sections

avealed a normal spot speed distribution, the speed

Lstribution on individual curve sections is hypothesized

> become skewed depending on the severity of the curve.

According to AASHTO practice, curves may be classified

1 flat or sharp. "Flat" horizontal alignment is considered

1 be 3 degrees or less, which is the maximum curvature

:gree recommended by AASHTO and the limit adopted by many

ates O45).A."sharp" curve is any curve with a degree of

.rvature greater than 3. As shown in the relationship in

g. 17, which was developed by Babkov (5), alignments with

ad curvatures flatter than about 3 degrees or with an R
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of 2000 ft. produce a relatively small decrease in

accidents, while alignments with road curvature sharper

than 3 degrees produce a rapid increase in accidents. This

is in agreement with Messer's rating of the potential

workloads associated with traversing different curves, as

indicated in Table 20. He found that curves of 3 degrees or

less produce less geometric inconsistency than curves of

more than 3 degrees. However, excessively long curves were

rated proportionatey higher.

Using 3 degrees as the dividing line, this research

dealt with 13 flat curves and 48 sharp curves. A separate

analysis for each of these two curve groups is presented in

the following discussion.

Most of the flat curves would not be expected to

represent a particularly hazardous location, and according

to the hypothesis being tested, the spot speeds in those

curves would be expected to remain normally distributed.

However, as shown in Table 18 and reproduced in Table 21,

there is no consistent trend in their rating of normal or

non-normal. There are three curves rated normal and 10

curves rated non—normal. Curves with similar or equal

degrees of curvature varied in their rating from normal to

non-normal.

These results might be explained by the fact that

drivers in Saudi Arabia approach curves at a higher rate of

Speed than do U.S. drivers, and thus, while a flat curve is

not hazardous in the U.S., it may be a hazardous location
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TABLE 20

WORKLOAD POTENTIAL RATINGS (RC) 0F

HORIZONTAL CURVES

 

 

Degree of Deflection Angle, [5°

 

 

 

 

Cueraoture 10° 20° 40° 80° 120°

1° 0.5 1.0 2.1 4.1 6.2

2° 1.2 1.5 2.0 3.0 4.1

3° 2.1 2.3 2.6 3.3 4.0

4° 3.1 3.2 3.5 4.0 4.5

5° 4.0 4.1 4.3 4.7 5.2

6° 5.0 5.1 5.3 5.6 6.0

7° 6.0 6.1 6.2 6.5 6.8

8° 7.0 7.0 7.1 7.4 7.7

NOTE: All ratings are for two-lane, high—type

highways. Ratings for two-lane mediocre roads (i.e.,

surface treatment pavement without paved shoulders) equal

Ratings for all four—lane highways

equal 0.65 rating shown.

0.75 of rating shown.
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on Saudi highways. The skewness index measure is sensitive

to a small number of drivers who misperceive the adverse

roadway conditions and thus distort the speed behavior.

This fluctuation may also be representative of other

factors (like roadside development), as some of these flat

curves had some type of marginal friction (as displayed in

Fig. l8—A), while others had minimum marginal friction (as

displayed in Fig. 18—B). Thus, it is not clear that the

sample location successfully eliminates all factors other

than the curve geometrics.

Furthermore, as suggested by the Speed ranges shOWn in

Table 21, the skewness index on curves below 2 degrees is

influenced by those individual drivers exceeding two

standard deviations above the mean. Thus, these data points

should be eliminated to compare the data with tangent

sections. When this is done, as shown in Table 22, six of

nine sections lie within the normal range for the

coefficient of skewness.

For sharp curves, the results in Table 18 and

reproduced in Table 23 show that 39 of the 48 curves are

skewed, reflecting the workload and the potential hazard

associated with traversing sharp curves. This result

complements the previous findings that Saudi drivers' speed

behavior, and thus their speed distribution

characteristics, trends in mean speeds, and the reduction

in standard deviation reflect driver interaction with

adverse roadway conditions. The sample of curves included a
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A. Flat curve with marginal friction.

 

      
‘1‘

B. Flat curve without marginal friction.

Fig. 18. Roadside development condition.
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TABLE 23

SPOT SPEED DISTRIBUTION CHARACTERISTICS

FOR SHARP CURVES

 

 

 

Site Degree of Mean Standard Speed Skewness Normality

No. Curvature mph Deviation Range Index Test

4 5.00° 41 7.604 (27462) 0.411 skewed

5.00° 43 7.796 (27—62) —0.275 normal

69 5.00° 42 7.801 (24-63) 0.462 skewed

70 5.00° 43 8.060 (28-67) 0.456 skewed

78 5.00° 40 7.062 (26-60) 0.394 skewed

84 5.00° 42 7.362 (27—66) 0.352 skewed

40 6.00° 44 7.637 (31—69) 0.859 skewed

41 6.00° 45 8.876 (31-85) 0.658 skewed

85 6.31° 35 6.087 (23—60) 0.531 skewed

80 6.31° 34 6.170 (22—54) 0.669 skewed

27 6.50° 39 5.730 (27-55) 0.398 skewed

28 6.50° 41 6.460 (28-61) 0.493 skewed

81 7.00° 43 5.697 (30—60) 0.669 skewed

87 7.00° 45 6.261 (24—57) 0.371 skewed

64 7.00° 38 5.335 (25-52) 0.115 skewed

65 7.00° 41 6.360 (28-60) 0.509 skewed

1 7.50° 39 6.407 (24—59) 0.224 normal

37 8.50° 37 7.074 (26—56) -0.014 normal

38 8.50° 38 6.333 (23—55) 0.491 skewed

7 8.75° 43 7.796 (22-71) 0.614 skewed

8 8.75° 43 7.796 (21—62) 0.491 skewed

44 9.00° 36 6.337 (22-57) 0.568 skewed

22 9.00° 41 6.511 (25—60) 0.250 normal

11 9.44° 44 8.345 (25-59) 0.389 skewed

12 9.44° 43 7.528 (27-60) 0.183 normal

25 ll.00° 37 5.635 (25-60) 0.563 skewed

26 11.00° 35 4.754 (25—50) 0.513 skewed

23 11.50° 32 4.411 (22-47) 0.438 skewed

39 11.50° 32 4.913 (20-52) 0.568 skewed
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TABLE 23——continued

Site Degree of Mean Standard Speed Skewness Normality

No. Curvature mph Deviation Range Index Index

11.50° 39 6.226 (21—58) ~0.009 normal

3 ll.50° 39 6.380 (24-62) 0.427 skewed

66 12.00° 35 5.182 (25—55) 0.764 skewed

67 12.00° 34 4.318 (25—49) 0.568 skewed

71 12.00° 28 3.931 (20-42) 0.748 skewed

72 12.00° 29 3.348 (22—42) 0.348 skewed

20 17.45° 38 5.852 (23-58) 0.356 skewed

21 12.45° 38 5.734 (23-55) 0.356 skewed

76 13.00° 35 5.983 (22—55) 0.202 normal

77 l3.00° 35 6.623 (24-60) 0.783 skewed

15 14.16° 36 4.730 (24—55) 0.340 skewed

88 14.16° 36 6.179 (22-56) 0.474 skewed

24 14.40° 35 5.938 (24—53) 0.420 skewed

18 15.00° 33 4.884 (70—46) 0.161 normal

19 15.00° 33 4.577 (22—47) 0.358 skewed

60 17.00° 32 5.226 (20—52) 0.737 skewed

61 17.00° 33 5.608 (22-63) 1.128 skewed

16 42.50° 22 3.987 (14—35) 0.547 skewed

17 42.50° 20 3.053 (14-29) 0.540 skewed
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wide range of geometric complexity and severity. Yet the

skewness index appears to be a good surrogate measure of

their potential hazard.

The skewness index measure classified 19 percent of

the sharp curves as normal. In the absence of historical

accident data, it is not possible to tell whether the

measure failed to identify locations which are hazardous,

or whether these 9 curves are in fact less hazardous than

the 38 which have been identified as skewed. If the

skewness index is to be a better surrogate than simply

using the degree of curvature, then it will have to be

shown that these nine sites are less hazardous for some

reason.

A close investigation of the normal rated sharp curves

shown in Table 24 indicates that the curves vary from 5

degrees to 15 degrees, which covers the range of most of

the sharp curves in this study. Their mean speed and

standard deviations as shown in Table 23 are similar to the

other curves. Moreover, their speed ranges, and the

percentage of drivers exceeding 50 mph and 60 mph, do not

show a problem of excessive speeding. Therefore, these

characteristics of the curves do not help explain the

difference in normality. It is noteworthy that three of 48

sites have a negative coefficient, meaning some drivers

perceived the area to be more dangerous than it actually is

and thus disproportionately influenced the speed

distribution by driving slower than the mean.

 

 

 





 

 

SPOT SPEED DISTRIBUTION CHARACTERISTICS FOR

SHARP CURVES THAT ARE RATED NORMAL

TABLE 24

120

 

  
 

Site Degree of Mean Speed % of Vehicles % of Vehicles

No. Curvature mph Range Exceeding 50 mph Exceeding 60 mph

1 7.5° 39 (24-59) 6.0% —0.0%—

2 11.5° 39 (21-58) 3.5% —0.0%—

5 5.0° 43 (27—71) 15.0% 1.5%

12 9.44° 43 (27—60) 17.0% 1.0%

18 15.0° 33 (20—46) —0.0%— —0.0%- g

22 9.0° 41 (26—56) 1.97. —0.0%- ‘1

64 7.0° 38 (25-52) 1.5% —0.0%—

76 13.0° 35 (22—55) 0.5% -0.0%—
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The fact that not all curves produce a high value of

the skewness index may be attributed to chance, and the

speed distribution did not reflect the true adverse roadway

conditions. Another possible explanation is that there is

some other factor (e.g., roadside development, prior

geometric feature) that results in these locations being

less hazardous than the remaining sites, and the index is

able to identify this fact. Only a review of future

accidents will determine which of these two possibilities

is correct.

It is worth noting that most of the sharp curves have

agricultural roadside development and marginal friction, as

displayed in Fig. 19-A. Some curves even suffer from sight

obstruction, as shown in Fig. 19-B. Some curves have some

type of positive guidance (delineation treatment, or

warning signs), while other curves do not, as displayed in

Fig. 20.

A third group of sites with more complex geometrics,

and therefore inherently more hazardous than sharp curves,

were chosen for analysis. This group consisted of 12

reverse curves. The speed distribution as analyzed by the

skewness index registered non-normal for seven of these 12

curves, as shown in Table 25. Again, the mixed results may

be attributed to chance, roadside development interference,

or traffic operational features. For instance, some reverse

curves had adequate sight distance or were preceded by

warning signs, as shown in Fig. 21, while others were not.
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.

A. Sharp curve with adequate sight distance.

 

B. Sharp curve with sight—obstruction problem.

Fig. 19. Sight distance situation at curve locations.



 

 



 
 

 
A. Sharp curve with delineation.

     
B. Sharp curve without delineation.

Fig. 20. Delineation treatment of curve sections.
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TABLE 25

SPEED DISTRIBUTION CHARACTERISTICS

FOR REVERSE CURVES

 

 

 

iii? HES? SrjggEEXL Kurtosis Skfixfiifs Noziiiity

86 37 6.437 —0.197 0.621 skewed

80 34 6.170 0.342 0.669 skewed

73 42 7.142 0.087 0.345 skewed

74 41 6.725 0.247 0.233 normal

29 33 5.101 —0.312 0.084 normal

30 36 5.255 0.532 0.330 skewed

9 36 5.6 0.083 0.227 normal

10 36 5.389 0.392 0.525 skewed

42 37 6.026 —0.218 0.361 skewed

31 38 6.302 0.075 0.262 normal

33 38 5.173 —0.320 0.027 normal

34 38 6.456 3.281 0.526 skewed
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Another possible explanation is that on extremely hazardous

highway locations, the hazard is so obvious that drivers

are more alert, especially if there are warning signs. For

example, on reverse curves, the vehicles entering the site

were exiting from another curve, where they had just

lowered their speeds. Therefore, the hazard is obvious to

all drivers, the probability of driver uncertainty is

decreased, and thus the location is likely to be safer than

a less complex location. Consequently, if the skewness

index is a valid surrogate, we might expect the speed

distribution to approach a normal value as the complexity

of the curve increases.

According to the previous discussion, the skewness

index was associated with accident occurence at hazardous

locations in the United States (126). This research has

demonstrated, as evidenced by the summary of results in

Table 26, that the general pattern of skewness

index-roadway hazard relationship also exists in Saudi

Arabia.

On tangent sections and flat curves which are

geometrically simple and free from hazard, the skewness

indexes are 79-percent normal. However, a modification of

the data was necessary to obtain reasonable results for

tangent sections. On sharp curves, which are geometrically

complex and thus hazardous, the majority of skewness

indexes (81 percent) were non-normal.

On reverse curves, which are more complex than sharp
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curves, the skewness index fluctuates between normal and

non-normal. The variation in results may be attributed to

the fact that the degree of geometric complexity and thus

the hazard was so obvious that it was difficult for drivers

to misjudge.

Those demonstrated patterns, although not totally

consistent, recommend the skewness index as a potential

surrogate measure for hazardous highway locations on

two—lane roads in Saudi Arabia, as well as an evaluation

tool for spot improvements.

Bauer and Persaud demonstrated that using accident

history as a measure of potential hazard is also not

totally reliable. Using accident history, they found that  
only a limited number of ramps could be correctly

identified as being hazardous for the study period

involved. According to their study (Fig. 22), as the number

of previous accidents at a ramp increases, the probability

that the hazardousness of the ramp will be overestimated

increases and the probability of correctly identifying the

ramp as hazardous decreases. Using ramps with three

accidents in the base year as a definition of hazardous, 92

ramps would be correctly identified, while 184 ramps would

be left undetected in the study year. Nearly 100 ramps

would be classified as hazardous, which, even though

untreated, would experience fewer than three accidents in

the study year. Thus, accident history may only produce a

surrogate measure with 25—percent accuracy.
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1984, p. 10.
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Comparison with Other

Tests of Normality

Among the tests of normality, kurtosis was found to be

an insensitive indication of hazardous locations (124). In

this research, as shown in Table 27, it is found to relfect

the normal conditions of tangent sections and flat curves

with 78-percent accuracy, without modification. However, on

sharp and reverse curves, it only produced a 25-percent

accuracy.

Trends and Variations

Associated with the Use

of Skewness Index

The previous section described the normality or

non—normality of the skewness index measure as a function

of curve geometry at various highway locations. Because the

skewness index measure was used as a categorical variable,

its variation with the curve characteristics could not be

regressed, as was done with the other speed-distribution

parameters. Using the skewness index as a continuous

variable, the regression equations, shown in Table 28 and

displayed graphically in Figs. 23 and 24, were

developed to investigate the relationship between degree of

curve and the index (see Appendix E). The results show that

there is a weak linear and/or curvilinear relationship

between this parameter and the radius and degree of

curvature, as evidenced by the small values of r2

Another possible source of variation that was
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TABLE 28

EMPIRICAL SKEWNESS INDEX—CURVATURE RELATIONSHIPS

 

 

Independent Dependent Variable:

Variable S.I. = Skewness Index

curve radius _4

R(fl) .5269- .3275 x 10 R

r' = 0.24319

Degree of

Curvature

Da

R,Da

Da2  

.3834 + .887 x 10'20a

:2 — .13791

2

.473 + .448 x 10' Da -

10-4R2

r = .27126

.4891 -2.l75 x lo'8R2

r = .14332

.4515 +2.106 x 10'30a

r = .03606

2

.2715 x
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Empirical skewness index—curvature radius

relationship obtained from the data collected in this

research.
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investigated is the direction of traffic. The purpose was

to find out whether conducting the sopt speed study in one

direction or the other would make a difference. When the

mean speed and the skewness indexes for different

directions were compared, as shown in Tables 29 and 30,

there was no significant difference at a confidence level

of 95 percent.
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TABLE 29

VARIATION IN MEAN SPEED WITH

DIRECTION OF TRAFFIC

 

Inbound Outbound Difference

 

 

= 2.447 f for D.F. = 6

Traffic Traffic in Mean Speed (xi-x) (Xi"§)

44 45 —1 -1.29 1.66

41 39 1 0.71 0.50

43 43 —0— -0.29 0.08

37 35 2 1.71 2.92

32 32 ° -O- —0.29 0.08

38 38 —0— -0.29 0.08

36 36 —0— -0.29 0.08

'—7— 5741

H = 0 E = 0.29
0

H8 4 0

S = §§§l = 0.95

0.
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TABLE 30

OF SKEWNESS INDEX FOR

DIFFERENT TRAFFIC DIRECTION

 

 

 

 

Inbound Outbound . — — 2

Traffic 'Traffic Difference (Xi-.x) (xi -X)

0.859 0.658 0.20 0.17 0.03

0.568 0.513 0.05 0.02 0.0004

0.498 0.398 0.10 —0.07 0.0049

0.491 0.614 -0.12 —0.15 0.02

0.563 0.513 0.13 0.10 0.01

0.356 0.356 —0— —0.03 0.0009

0.340 0.474 -0.13 -0.16 0.03

0.23 0.10

11:0 §=0.03
0

Ha # 0

_ 0.10

S — 7

= 0.03 — 0

t

0.05
= 2.447 for D.F.

-VG = 2.14 x 2.65 = 5.68

= 6



 

 



 

CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

The fact that the accident rate is eight times higher

in Saudi Arabia than in the U.S. (51) indicates that there

are potentially significant savings in lives and injuries

from the implementation of effective highway safety

improvement programs. The main hypothesis of this study was

that the experience of developed countries such as the U.S.

could be transferred and utilized in the development of

such safety programs. From among those experiences, this

research hypothesized that speed behavior of Saudi drivers

resembles that of United States drivers, and thus the

skewness index of the spot Speed distribution is a

potential surrogate measure for the identification of

hazardous locations on two—lane rural roads in Saudi

Arabia.

In order to develop an experimental design for testing

this hypothesis, it was assumed that the spot speed_

distribution in Saudi Arabia is influenced by the same

factors and variables that are found to influence spot

speed distribution in the U.S. A wide spectrum of geometric

configurations, ranging from tangent sections to reverse

curves, were chosen to study the speed behavior of Saudi
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drivers, and more specifically to explore the behavior of

the skewness index with changing road conditions.

Given that the highway sections studied in this

research represented a range of safe and hazardous

locations according to their geometric complexity, the

skewness index measure was hypothesized to reflect the

degree of hazard associated with each location. A normal

speed distribution was expected at tangent sections and

flat curves, and a non-normal speed distribution was

expected at sharp curves.

In the conduct of this study, the following objectives

were achieved:

1. Through a literature review, the relationship

between traffic speed characteristics and safety in the

United States was demonstrated theoretically and

empirically.

2. A general approach that utilizes spot speed

characteristics was developed which will serve as a

guideline for future highway safety improvement programs in

Saudi Arabia.

3. The potential application of spot speed

distribution skewness as a surrogate measure for potential

hazardous highway locations on two-lane roads in Saude

Arabia was verified.

4. Similarities and differences in traffic speed

patterns between the U.S. and Saudi Arabia were analyzed.

5. An experimental design for field measurements of
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_
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—
_
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_
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traffic speed characteristics on Saudi Arabian highways was

developed.

The results of the study, as evidenced in Table 27,

indicated that the skewness of the speed distribution is

higher at hazardous highway locations and thus is a

potential surrogate measure for the identification of

hazardous locations. This same relationship was found to be

valid in the United States (56, 126).

Specific Findings

Based on the results of the speed studies, the traffic

stream on two-lane rural roads in Saudi Arabia features the

following speed characteristics:

1. Relatively higher mean speeds than in the U.S.

2. Excesseve speeding by a significant number of Saudi

drivers (50%).

3. Excessive low speed for some drivers.

4. Spot speed distributions with relatively high

variance.

5. Normal speed distributions on most tangent

sections and flat curves when speeds beyond two standard

deviations (i i 20) were eliminated.

Apparently, the observed higher speeds and standard

deviations did not change the shape of the speed

distribution on tangent sections and flat curves. Excessive

speeds were not found on tangent sections with marginal

friction. It is hypothesized that this is because
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aggressive drivers were detered from driving too fast by

the obvious roadside marginal friction.

The speed behavior on sharp curves revealed the

following:

—The mean speed at the center of the curve is

significantly lower than the mean speed on the approach.

-The standard deviation at the center of the curve is

significantly less than the standard deviation on the

approach.

-The mean speed increases as the radius of curve

increases (e.g., 5.1).

—The standard deviation increases as radius increases

(e.g., 5.3).

Those findings are comparable to similar findings in

the U.S., and confirm the assumption that speed behavior of

Saudi drivers resembles that found in the U.S. Saudi

drivers interact with changing roadway geometrics, and

respond in predictable and measurable ways to adverse

roadway conditions.

Transferability of Skewness Index

The similarity of Saudi drivers' speed behavior to

that in the U.S.; the fact that Saudi drivers interact with

favorable as well as adverse roadway conditions; and the

normality of their speed distribution on tangent sections

and flat curves, suggest the transferability of the

skewness index as a surrogate measure for hazardous highway
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locations in Saudi Arabia. In this study, the majority of

the skewness indexes under adverse roadway conditions were

non-normal. These results verified that the speed behavior

of a sample of Saudi drivers on individual complex

geometric configurations (and thus assumed hazardous

locations) such as sharp curves could be analyzed using

spot speed distribution parameters, and that the skewness

index is a good potential surrogate measure for the

identification of hazardous locations.

It is important that there were variations in the

skewness index results. Some sharp curves and reverse

curves were rated normal, while the majority were

non-normal. These results may be attributed to chance, but

if the hypothesis put forth in this study is correct, these

locations may simply be less hazardous due to some special

feature associated with the location, such as adequate

positive guidance prior to the location (warning signs,

advisory speeds, etc.), adequate sight distance through the

location, or obvious complex geometric configuration of the

hazardous location.

The regression analysis revealed that there was a weak

linear and curvilinear relationship between the skewness

index and the radius and degree of curvature. This

relationship suggests a potential trend with the degree of

hazard, as the skewness index increased from normal levels

on tangent sections and flat curves to non-normal levels on

sharp curves, and decreased again on reverse curves.
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The analysis of variance using a "student—t" test

revealed that direction of traffic did not affect the mean

speeds or the skewness coefficient, meaning that spot

speeds may be conducted on either side of the road at the

location of the hazard.

Recommendations

According to the previous discussion, the skewness

index measure appears to be a suitable surrogate measure

for the identification of hazardous locations. Further

verification is desirable, particularly in the

quantification of the hazard associated with each specific

location. Consideration should be given to increasing the

sample size and repeating the spot speed studies at each

individual location to minimize the potential of

inconsistency caused by chance.

To complement and expand on the findings of this

research, the following studies are recommended:

1. A study which includes the roadside development,

sight distance, and traffic—control devices (warning signs,

etc.) in addition to the geometric characteristics in

determining the degree of hazard.

2. A study which would include a subjective hazard

evaluation to classify locations by degrees of hazard.

Besides considering the documented hazard associated with

the physical characteristics of the roadway (roadway

geometrics and roadside development), a group of experts
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(civil engineers, safety researchers, etc.) should

collectively evaluate the hazard associated with the

driving task at each location. Similar procedures

prescribed by Taylor and Thompson (122) could be used in

this research.

3. A study utilizing all available knowledge of

accidents in determining potential hazardous locations.

This would aid in directly verifying the relationship

between the skewness index and accident occurence.

4. A "before" and "after" study involving a

highway—improvement program to study the change in skewness

 
index as an evaluation tool.

Because traffic stream characteristics, including

speed behavior, in Saudi Arabia evolve and change with time

and traffic technology, the findings of this research will

serve as a benchmark for further research and comparisons.

This research can be used to improve highway safety in

Saudi Arabia by:

—Facilitating the establishment of highway safety

improvement programs in Saudi Arabia in advance of a

national program to require the use of accident records.

-Promoting the use of spot Speed distribution

characteristics, including the skewness index, in the

evaluation of highway safety improvement programs.

-Providing background information for more research,

especially in relation to driver behavior, traffic flow,

and highway safety.
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TABLE I"

0.05 uml 0.0l Points of the Distribution: of 7.. Nuruutl

Universe“ toppruxlumtc values)

W

Probability 'l'hut y. Will Exceed

Listed Value in Positive Direction ls

 

u ".05 (MN

25 0.7 I4 I .073

30 0.664 0.985

35 0.624 0.932

40 0.587 0.869

45 0.558 0.825

50 0.533 0.787

60 0.492 0.723

70 0.459 0.673

80 0.432 0.63 I

90 0.409 0.596

IOO 0.389 0.567

I25 0.350 0.508

I 50 0.32l 0.464

I75 0.298 0.430

200 0.280 0.403

250 0.25 I 0.360

300 0.230 0.329

400 0.200 0.285

500 0. I79 0.255

750 0. I46 0.208

I .000 0. I 27 0. I80

 

‘ Table F is ubn'dued with pennluion from R. C. Gary and E. 8. Pearson.

Test: of Normalin (London: Biometriht 0016:. University Collette. I938) Ind

I'uom Ralph B. Asosttno and Gary L. fietjen. "Approaches to the Null Distri-

bution of V57." Bimnrtriku. Vol. 60 (I973). pp. l69-73. The points lislctl are

on the positive tail of the distribution. With a minus sign attached. they are equally

valid for the negative tail. Also see Ralph D'Asontino and E 8. Pearson. "Tests

for Departure {mm Normality. Empirical Rewlts for the Distribution of (1,1qu

Vb..." Biamclrilut. Vol. 60 (I973). pp. 6|3—22. Since the publication of this

paper. Prof. F. J. Anseombe has pointed out that b. and Vb: are not independent

in samples (110m 0 normal universe. Hence the joint tests suggested in Section

6 of the paper are net correct. though they might be nearly so. [Letters from

E. S. Pearson. April 4. I974.| For a discunion ol‘ the operating characteristics

of a 7. test [of normality. sec K. 0. Bowman and L. R. Shcntou. “Notes on the

Distribution of VII-.- in Sampling from Pearson Distributions." Bt'umrm'ku. Vol.

60 (I973). pp. ISS-67.
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TABLE G

Percentage Points 01’ the Distribution of 7:. Normal Universe*

(approximate values)

 

 

  

 

Probability That ya Probability Thai 72

Falls below Listed Falls above Listed

Value Is: Value Is:

n 0.01 0.05 0.05 0.01

25 --l.28 —1.09 1.16 2.30

30 —1.21 —1.02 1.11 2.21

40 -1.11 -0.93 1.06 2.04

50 —1.05 -0.85 0.99 1.88

75 -0.92 —0.73 0.87 1.59

100 —0.82 -—0.65 0.77 1.39

125 —0.76 —0.60 0.71 1.24

150 —0.71 -0.55 0.65 1.13

200 —0.63 —0.49 0.57 0.98

250 —0.58 -0.45 0.52 0.87

300 -0.54 —0.41 0.47 0.79

500 —0.43 -0.33 0.37 0.60

1.000 -0.32 —0.24 0.26 0.41

2.000 —0.23 —0. 17 0.18 0.28

5.000 —0. 15 -0.11 0.12 0.17

 

‘ Table G is adapted with permission from R. C. Geary and E. S. Pearson. Tests of

Normality (London: Biometrilta Office. University College. 1938). E. 5. Pearson. “Tables

of Percentage Points of Vb. and b: in Normal Samples; a Rounding Ofi'." Binmeln’ka. Vol.

52 (1965). pp. 282-85 and Ralph B. D'Agostino and Gary L. Tietjen. “Simulation Proba-

bility Points of b: for Small Samples," Biometrika Vol. 58 (1971), pp, 669-72. The last

reference contains data for values of n from 7 to 50 additional to those listed in Table G.

Also see Ralph D'Agostino and E. S. Pearson. "Tests for Departure from Normality.

Empirical Results for the Distributions of b, and V7)...” Biometrika. Vol. 60 (I973). pp.

613-22. for charts of the percentage points of the distribution of b: = y, + 3. Since the pub-

lication of this paper. Prof. F. J. Anscombe has pointed out that b: and VS. are no! inde-

pendent in samples from a normal universe. Hence the joint tests suggested in Section 6 01’

the paper are not correct. though they might be nearly so. [Letters from E. 5. Pearson.

April 4. 1974.] For a discussion of the operating characters ofa 7: test for normality. see

K. O. Bowman. “Power of the Kurtosis Statistic. b, in Tests of Departure from Normality."

Binmetrika. Vol. 60 (1973). pp. 623—28.
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