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Abstract— Safety of the national highways (NHs) has been a
major concern in India. Using 5 years of crash data from a 65-
km stretch of a divided multilane NH, this study employs
random parameter panel data models to identify factors
affecting total crashes, rear-end and head-on crashes. Besides
geometric design elements, this study focuses on the effect of
access management strategies such as the provision of service
lane and the presence of median openings on crash types. To
capture the effect of mixed traffic on crash occurrence, vehicle
composition is considered in addition to average daily traffic
(ADT). Results suggest that the effects of segment length and
ADT are generally fixed and consistent across crash types, but
there exists variation in safety performance of horizontal
alignment, access management strategies, and type of
vehicles. Although the coefficient for proportion of motorized
two-wheelers is found to be random for rear-end crashes,
higher proportions of truck traffic are found to be always
associated with higher head-on collisions. Although segments
with service lanes are associated with fewer rear-end and
head-on crashes, median opening presence is found to increase
both of these crash types even though the effect on total
crashes is random. The relationship between safety and road
geometric design are examined through results of studies mad
in different countries and it compares the results of studies in
different countries and summarizes current international
knowledge of the relationship between safety and the principal
non-intersection geometric design parameters. In general,
there is broad international agreement on these relationships.
I INTRODUCTION

Geometric design elements play an important role in
defining the traffic operational efficiency of any roadway. Key
geometric design elements that influence traffic operations
include number and width of lanes, the presence and widths of
shoulders and highway medians, and the horizontal and
vertical alignment of the highway. Generally speaking, any
evaluation of road safety, such as in the driving dynamic field,
has been conducted more or less qualitatively. It is safe  to
say, from a traffic safety point view, that no one is able to say
with great certainty, or prove by measure or number, where
traffic accidents could occur or where accident black spots
could develop.
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However, everyone agrees that there exists a relationship
between traffic safety and geometric design consistency. By
all means, alignment consistency represents a key issue in
modern highway geometric design. A Consistent alignment
would allow most drivers to operate safely at their desired
speed along the entire alignment. However, existing design
speed-based alignment policies permit the selection of a
design speed that is less than the desired speeds of the
majority of drivers. Much of the research in highway safety
has focused on different factors that affect roadway safety.
The factors are categorized as traffic characteristics, road
geometrics, road surface condition, weather and human
factors. Previous research has shown that geometric design
inconsistencies, operations (traffic mix, volume, and speed),
environment, and driver behaviour are the common causes of
accidents. Most of the studies have shown the influence of
various geometric design variables on the occurrence of
accidents and have concluded that not all variables have the
same level of influence in all places. From the relation of
factor mentioned above, different researchers have developed
the relationship of roadway safety in terms of crash frequency
and crash rates, fatality and injury rates and the road elements,
traffic characteristics, and pavement conditions. Many of these
previous studies investigated the relationship of crash rates or
frequency in terms of number of lanes, lane width, presence of
median, median width, type of median, shoulder width, access
density, speed limit, vertical grade, horizontal curvature, and
weather conditions. The relationship between safety on the
highway and factors mentioned above is the primary focus in
crash reduction and predictions.

According to studies made in different countries, it is
possible to change the problem of road crash occurrence
between different road users into a safer, more efficient and
environmentally ~ friendly  transportation  system by
incorporating safety features in the road geometric design
elements. Thus, road characteristics can greatly help in
reducing the frequency of road traffic crashes and contribute
to crashes when improperly applied. In general, the condition
of the existing roadway characteristics at road segments needs
further investigations, particularly in Bole Sub-city.
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This study closes the gap by identifying contributions of road
geometric parameters on the occurrence of road traffic crashes
and develop regression models that can be applied in new
design and maintenance of road infrastructures for safety
criteria.

SCOPE AND LIMITATION OF THE STUDY

The study focuses on the effect of road geometric design
elements on road traffic crash occurrences on road segments
of the Bole Sub-city (case study). The study used information
of three years from July 2015 to June 2018. Road intersections
and roundabouts were not included in the study; rather, it is
focused on the road segments. Also, the road and its
environment variables such as land use, posted speed,
percentages of heavy vehicles and others, were not
incorporated. Moreover, the study used average daily traffic
(ADT) as an exposure variable. However, pedestrian volume
is not incorporated in the model. Furthermore, a one-hour
counting method was used to calculate peak hour volume.

Il LITERATURE REVIEW

e Abbas (2004) developed statistical ~models
forecasting the expected number of accidents and
casualties, indicating that the main categories
contributing to accidents were considered as: drivers,
pedestrians, vehicles, road and environmental related
factors and others. The study depicts that driver-
related factor are be most of highly contributing
factors, due to loss of control of the driving wheel,
speeding, stoppage (i.e. sudden stopping).

e Nicholas et al. (2001) stated that the main
components involved in run-off crashes is the
drivers’ inability to control both speed and direction.
Especially, run-off vehicles occur when a driver is
faced with a piece of unexpected (or unusual)
information. Causes of this include; the driver’s
behavior, distractions, the influence of alcohol, drugs
(or medication), drowsiness, fatigue, illness, or
blackout, speeding, and failure to obey signs, signals
or traffic police, which could be due to confusion or
unfamiliarity with the roadway.

e Chanyukong and Jikuang (2010) investigated the
association between the impact of speed and risk of
pedestrian causalities in a passenger vehicle collision
in China based on real world accident-data. They
improved a multiple logistic regression model
accepting impact speed observed that the risk of
pedestrian fatality is 26% at 50kmph, 50% at 58kmph
and 82% at 70kmph. The pedestrians rarely survived
at an impact speed of 80kmph.

e The study Conducted by Obaidat and Ramadan
(2012) on the traffic accident at 28 hazardous on
Amman — (Jordon) urban roads noticed that the
logarithmic and linear models were the most
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important and realistic models that can be used to
predict the relationship between the accident
characteristics and dependent variables. According to
their studies, the most important contributing factors
to traffic accident in hazardous places were ; number
of vertical curves, median width, type of road
surface, average running speed, posted speed,
lighting, number of vehicles per hour, number of
crossing facilities, maximum and average degree of
horizontal curves and percentage of trucks.

e Sarbaz and Robert (2009) conducted a study on the
effect of the curvature on the accident rate, revealing
that the accident rate decreases with increasing radius
of curves, for both right and left curves. The
investigations also compared left turn and right turn
curves road crashes. Accordingly, left turn curves
have a higher accident rate than right turn curves.
Road sections with left curve and a radius less than
100 meters have two times accident rate as compared
to right curve radius less than 100 meters.

e Also, the study revealed road section with a left curve
radius of less than 100 m has accident rates that are
four times as high as those on sections with curve
radius greater than 500 m. Road sections with a
curvature of 5 to 10 degrees have at least twice the
crash rate of sections with a curvature of 1 to 5
degrees. Furthermore, sections with a curvature of 10
to 15 degrees have crash rates four times as great.

e The study conducted in the city of Addis Ababa
indicates that land use types had an influence on the
crash occurrence, and most fatal and injury crashes
occurred in CBD and residential areas. Accordingly,
27.7% of fatalities and 33.4% serious injuries
occurred in CBD and residential areas, respectively
in the six-year period under consideration and 39.1%
of PDO crashes occurred in CBD. Residential,
commercial, industrial, and other land uses along
roadways are associated with varies numbers of
access to the adjacent properties. However, the
number of the road crashes might vary due to the
degree of access to the driveways that different land
uses faced (Tulu et al., 2013).

111 METHODS

Investigations of the effect of road geometric design elements
on road traffic crash occurrences were conducted at road
segments in this study. A road segment is a section of a road
between two intersections and roundabouts, and between
intersection and roundabout without their physical areas. The
average radius of the physical area of the roundabout and
intersections were estimated 55m from centers of the
intersections and roundabouts. Figure below shows a
midblock segment and it is bounding physical areas of
intersections. The safety and mobility in the mid-block
segments are influenced by access management techniques,
roadway characteristics, traffic flow, and land use (Xuecai,
2010).
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DATA COLLECTION

For this study, two type of data were collected. The first one
was road and road environment and the second one was traffic
volume data that the author directly collected through
measurement from the selected road segments. The other was
data that the Addis Ababa Police Commission and Bole Sub-
city Traffic Police Station used for official reporting of road
traffic crashes at end of the year. It includes, crash severity
(severe injury, slight injury and property damage) happened
on the Bole Sub-city road network for each road crashes.
Traffic police provided detail information of the crashes such
as; crash location, time, date, causes, road users involved in
crashes, vehicle maneuver, and road geometric characteristics
and other necessary information.

TRAFFIC VOLUME DATA

Traffic volume data were used as input to undertake analysis.
This study used local short- duration (peak hour) counts
method from 7:30 a.m. to 8:30 a.m. for seven days from
twenty-two selected road segments to estimate daily traffic.
Vehicles were classified in the study; car, station wagon
(4WD), small bus, large bus, small truck, medium truck,
heavy truck, and articulated truck in reference to the Ethiopian
Roads Authority (ERA) 2000 vehicle Classifications. To
convert average daily traffic into a peak hour volume, the
ADT was multiplied by a K factor which is 0.12 (12%) in case
of Addis Ababa. Therefore, to get ADT peak hour volume
divided by K factor is formulated as follows (Girma, 2004):

ADE BV
K

\
Ny

Midblock

v

-

Figure: Road Segment

Where; ADT: Average Daily Traffic, PHV: Peak Hour volume
and K: K factor

CANDIDATE VARIABLES IDENTIFICATION IN THE
MODEL

The main target of getting effective parameters was to select
influencing variables with the available data to develop a more
realistic model. The effective explanatory and exposure
variables that influence the road traffic crashes was evaluated
by statistical analysis method. Table shows the independent
candidate variables (major road alignment and cross-section)
suggested for the crash prediction model. The main road
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characteristics used for the analysis are described in the
following sections.

IV EFFECTS OF CHARACTERISTICS OF ROAD
GEOMETRICAL DESIGN ELEMENTS ON TRAFFIC
ACCIDENTS
Some of the primary geometric design elements that can affect
on highway safety are -carriageway, grade, horizontal
curvature, shoulder, median, and vertical curve. The
relationship between some characteristics of these elements
and traffic accidents, including studies made in different
countries, are classified into groups: Cross-section effects and

Alignment effects.
CROSS-SECTION EFFECTS
The widths of the various cross-section elements affect the
capability of driver to perform evasive maneuvers and
determine the lateral clearances both between vehicles and
between vehicles and other road users. In the existing
literature are mentioned especially the following parameters:
LANE WIDTH
Wider lanes are traditionally associated with higher operating
speeds and increased safety. The Highway Capacity Manual
(HCM) documents that wider lanes for multilane highways
result in higher free-flow speeds. On the other hand, very little
has been found on the safety implications of wider lanes. It is
reasonable to assume that wider lanes may provide additional
space to the driver to correct potential mistakes and thus
avoid crashes.
ALIGNMENT EFFECTS
The alignment of a road cab be described in very specific
terms such as individual curves and gradient or in more
general terms such as terrain types or topography.
Curve Radius
It is the main factor of radius for horizontal curve and it is
obvious one for traffic accident. When the radius is smaller,
the accident rate is higher. The transverse stability (including
slippage and overturn) happens before the longitudinal
stability on the curve based on vehicle steering theory, so the
radius value is decided by the transverse stability of vehicle.
Crash Reduction Factors for Various Increases in
Horizontal Radii

To
(m)
Radius Curve From 500 700 1500
(m)
300 0.25 0.33 0.45
500 - 0.10 0.30
700 - - 0.20
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Stopping Sight Distance for different design speeds

Design Speed (khr) | 120 | 100 | 80 | 60 | 40 | 30 | 20
Stopping Sight | 210 | 160 | 10 | 75 | 40 | 30 | 20

Distance(m)

Passing Sight Distance for Different Design Speeds

Desin pee (k) [ 10T 10 T 90 T 0 0 [0 [
Posg Sl Divace (] - | 90 0 |80 20 | 180 [0

In general sight distance affects road safety since the sight
distance is the result of the geometry overlapped with the
existing terrain and the influence of geometric parameters is
proved. In some of studies various radii which correspond to
different sight distance were investigated. The radii and sight
distances were subdivided into groups. Especially in curves
with small radii (Ro400 m) the accident rate is much higher
than in other curves if the sight distance is shorter than 99 m.
With increasing sight distance the difference between the
curves getting smaller. On sites with short sight distances due
to vertical curves (e.g. crests) the accident frequency is 52%.
Hall and Turner found that inadequate stopping sight distance
does not guarantee that accidents will occur.

WAY FORWARD

1. Funding of Road Safety Programmes

. Encouraging on-going efforts to lobby for
more funding from the exchequer
. Enhanced capacity for enforcement through an

increased number of vehicles through the
Government Leasing Programme-(shortly to be
launched)

. Conclusion of positive engagements with key
Development Partners such as EU, WB, AfDB
to support key road safety programmes.

2. Engagement and Collaboration

. Road Agencies to be engaged in better
planning, design, construction, and maintenance
of roads through improved design standards,
road safety assessments, road safety audits and
blackspot treatment programmes.

. Engagement with the National Police Service
to enhance traffic law enforcement
3. Engagement and Collaboration ...

. Engagement of the County Governments
through the County Transport and Safety
Committee platforms
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Collaboration with relevant authorities i.e,
EACC to address integrity-related challenges.

Private sector participation in road safety
through the installation of pedestrian fences in 5
high-risk roads in Nairobi at an advanced stage

4. Behavioural Aspect

. Increased and sustained public
Education and Awareness

. Targeted road safety campaigns to
the vulnerable road users

. Elevated levels of enforcement

. Mainstreaming road safety in all
sectors

5. Leveraging on ICT
NTSA is at an advanced stage in rolling
Transport Integrated Management Systems
(TIMS) project to enhance efficiency and
increase the reliability of data.
NTSA ICT innovations to improve Road Safety

through:
. Universal Policing Unit(UPU),
. Mobile policing Gadget
. instant fine systems
. Smart Driver License
. New generation Number plates
6. Driving School Curriculum
. Roll out of the new driving and testing

curriculum to Improve driving skills, attitudes,
driver training, testing and licensing system.
7. Legal Aspects

Implementation of the Instant Fine framework

V CONCLUSION

After reviewing on the many studies which are related the
safety of cross-section and alignment elements can be
concluded the following:

e Lane and shoulder conditions directly affect run-off
road (ROR) and opposite direction (OD) accidents.
Other accident types, such as rear-end and angle
accidents, are not directly affected by these
conditions.

e The presence of a median has the effect of reducing
specific types of accidents, such as head-on
collisions. Medians, particularly with barriers, reduce
the severity of accidents

e Rates of ROR and OD accidents decrease with
increasing lane and shoulder width. However, the
marginal effect of lane and shoulder width
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increments is diminished as either the base lane width
or shoulder width increases.

On multilane roads, the more lanes that are provided
in the traveled way, the lower the accident rates.
Shoulder wider than 2.5m give little additional safety.
As the median shoulder width increase, accidents
increase.

From the limited information available, it appears
that climbing lanes can significantly reduce accident
rates.

Lane width has a greater effect on accident rates than
shoulder width.

Larger accident rates are exhibited on unstabilized
shoulder, including loose gravel, crushed stone, raw
earth or turf, than on stabilized (e.g. tar plus gravel)
or paved (e.g. bituminous or concrete) shoulders.

The probability of an accident two-lane rural roads is
highest at intersections, horizontal curves and
bridges. The average accident rate for highway
curves is about three times the average accident rate
for highway tangents.

Horizontal curves are more dangerous when
combined with gradients and surfaces with low
coefficients of friction. Horizontal curves have higher
crash rates than straight sections of similar length and
traffic composition; this difference becomes apparent
at radii less than 1000 m. the increase in crash rates
becomes particularly significant at radii below 200
m. Small radius curves result in much shorter curve
lengths and overall implications for crashes may not
be as severe as would first appear.

There is only a minor decrease in the speed adopted
by drivers approaching curves of radii which are
significantly less than the minimum radii specified
for the design speed. However, curve radii below 200
m have been found to limit the mean speed to 90
km/hr.

The average single vehicle accident rate for highway
curves is about four times the average single vehicle
accident rate for highway tangents. Regarding
general terrain descriptions it was found that accident
rates in mountainous terrain can be 30 percent higher
than in flat terrain.

Crashes increase with gradient and down-gradients
have considerably higher crash rates than up-
gradients. However, the overall crash implications a
steep gradients may not be severe since steeper
gradients are shorter. The geometry of vertical curves
is not known to have a significant effect on crashes
severity.

There appears to be little erosion of safety resulting
from the use of sight distances below the minimum
values specified in geometric design standards,
although there is a significant increase in the accident
rate for sight distances below 100 m.
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