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ABSTRACT

The very high cost of highway accidents paid by societies
around the world makes the highway safety improvement an
important objective of transportation engineering. The high
speed cars are gaining popularity as one of the important
means of transportation among the middle and higher income
group of the society in India. At the same time the road
accident statistics with regard to these high speed vehicles are
also alarming. The present research aims at correlation of
accident of high speed cars with road geometry and traffic
variables. Data collected from National Highway No.6 of
India, between Amravati and Nagpur were used for modeling
accident. Generalized linear model was used to quantify the
effect of various variables in the model. The variables used
were lane width (LW), shoulder width deficiency (SWDEF),
access density (AD), standard deviation of speed (STDSP)
and percentage of heavy vehicles in the traffic (HVPER).
Access density, shoulder width deficiency and standard
deviation of speed were found to have significant influence on
accident frequency of high speed cars.
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1. INTRODUCTION

Growth of transportation has a very unfortunate impact on the
society in terms of accidents. Worldwide death and injuries
from road accidents have reached epidemic proportions. Over
1.2 million people are killed every year globally and over 20
million are injured or crippled (WHO, 2009). Developing
countries accounts for up to 85% of all the fatalities. The
problem is particular acute in the Asia-pacific region, which
has only 43% of the world’s motorized vehicle fleet but
accounts for more than 50% of global road death . Around 7,
00,000 people die in road crashes every year in Asian
Countries (United Nations ESCAP, 2010).

The accident statistics [1] of 2011 reports that there were 4,
97,686 accidents, out of which 1,21618 were fatal. The
number of persons killed in accidents were 1,42,485 i.e one
fatality per 3.49 accidents. This suggests that the magnitude of
road accidents and fatalities in India is alarming. This is
evident from the fact that every hour there are 56 accidents
(about one accident every minute).

The National Highway No.6 shares heavy vehicles, cars, two
wheelers, auto rickshaw, cycles, cycle rickshaw, animal
drawn carts, pedestrians and other non-motorized vehicles.
The accident data analysis revealed that high speed cars were
involved in 48% of road accidents on the selected stretch.

Many researchers, like Garber and Joshua [2], Miaou[3],
Zegeer[4], Paul Griebe[5], Okamoto [6], Landge V.S.[7],
Sharma A.K.[8], Vashi and Damodaria[9] ,and Parida[10],
studied the occurrence of road crashes and suggested various
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modeling techniques using  linear regression, Poisson
regression, Negative binomial regression, neural networks.
The accident occurrence was modeled using different road
geometry and traffic variables by different researchers.

The aim of this research was to quantify the variables
responsible for accidents related with high speed cars.

2. OBJECTIVE

The objective of this research was to

e Develop a correlation between the accident
frequency and road geometry and traffic variables.

e Suggest some practical measures to improve safety.

3. STUDY AREA AND SCOPE

The study area chosen was National Highway No.6
commonly refer to as NH-6 or G.E. Road (Great Eastern
Road),which is a one of the most busy national highways in
India. It’s a connecting corridor to major states of India
namely Gujarat, Maharashtra, Chhattisgarh, Orissa, Jharkhand
and West Bengal. NH-6 is one of the important links of Asian
Highway network (AH-46).

The scope of present study is limited to road section passing
through central Indian states of Maharashtra. Maharashtra,
one of the most advanced states of India, has high traffic
accident rate. Most of these accidents occur on the National
highways.

4. DATA COLLECTION AND
ANALYSIS

Accident data was collected from the police stations and
insurance companies. Road geometry and traffic data was
collected through field studies and traffic count survey for a
road length of 100km between Amravati City and Nagpur
City of Maharashtra State in India. For the purpose of
collecting road geometry data, the road was divided into
segments of similar characteristics 0.7 to 1.6 km for straight
portion. Data were collected from 111 segments in a road
length of 100 km. The data related to involvement of high
speed cars were segregated and used for analysis and
modeling.

The preliminary analysis of the data is given in fig.1 and fig 2.
Fig.1 shows a positive relation between dependent variable
(Total accidents per year per km, TACCR) and access density
(AD), which suggest that more number of access points to
main highways give rise to more accidents. Fig.2 which gives
relation of standard deviation of speed (STDSP) with the
dependent variable suggests that accident rate is also a
function of standard deviation of speed. Relationships of other
variables with the dependent variable were also studied.
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5. VARIABLES USED IN MODELING
Lane Width: Traffic flow tends to be restricted when lane
width reduces. This is because vehicles have to travel closer
together in lateral direction. Lane width available hence is
treated as an important parameter. It has been found that
accident rates reduce as lane width increases.

Shoulder Width Deficiency: Shoulder provides an area along
the highway for wvehicle to stop, particularly during
emergency. A report by Zegeer et al.[4] indicated that a
paved shoulder widening of 2 feet per side reduces accidents
by 16%. Shoulder width deficiency from a standard minimum
(5m in this study inclusive of both sides) has been a variable
with significant influence on safe operations of traffic and
hence selected as a variable.

Access Density: The availability of access point is necessary
to commercial or residential developments, usually at the
expense of traffic operations and the safety of local highway
systems. To achieve a good coordination of these two aspects,
compromises are often required to be made between
accessibility and mobility or capacity and safety. On the study
area access density ranging from 0 to as much as 11 per km
was observed on the said highway.

Heavy Vehicle Percentage: There are two main traffic related
issues associated with commercial vehicles, the first one is
‘delays’ that they may cause to other vehicles and second one
is ‘safety’ related impacts. It has been suggested by a number
of authors that the presence of a truck in front of any other
vehicle may result in the driver being more cautious due to the
large size of the vehicle and the diminished sight distances.

Speed Variations: Spot speed is one of the major parameter
that is used as an indicator of traffic performance. The data

collected shows a wide variation in the spot speed from
25kmph to 60kmph. The data collected showed positive
impacts of speed variations on traffic safety. The speed
variations of the vehicles are incorporated in terms of standard
deviation of speed.

6. TECHNIQUES USED FOR
QUANTIFYING VARIABLES

Techniques used for quantifying the effects of variables are,
stochastic models and neural networks.

Stochastic Models: Stochastic modeling technique was used
by many researchers in the past and it has been shown that the
fitness of model may be a function of the data type.

This paper presents models build using Negative Binomial
and Zero Inflated Negative binomial Regression.

The model form for the negative binomial regression used in
this study is given below:

v; = 0,1L2.. ..with probability

1
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A; = ePi*i where x; isi*" covariate and
f; isthe regression coef ficient

The model form for zero inflated binomial regression model
used in this study is given below:

6.1 Base Model
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6.2 Inflate Model
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r’ is the coefficient matrix and wi is the ith covariate, I is a
Gamma function; and o is the rate of over dispersion.

7. MODEL SELECTION CRITERIA
Maximum likelihood estimation method has been employed
widely in estimating Poisson, negative binomial [7] and zero
inflated regression models. Akaike Information Criterion
(AIC) [12] and Bayesian Information Criteria (BIC) were
used to judge the performance of the model. Smaller the AIC
and BIC values, the better is the model.

AIC=-2Log L +2K .....
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BIC =-2LogL+k Log (n).....

Where Log L is the log likelihood; K is the number of
estimated parameters and n is the number of observations.

8. RESULTS

The regression analysis was done using SPSS.
The best performing model selected on the basis of AIC
criteria is frequency is as given below:

1= E-3.103+ﬂ.ﬂ?535TDSF+G.USU3H‘-’FER+1.12 5:SWDEF+0.268:AD

The negative binomial model for prediction of accident

The zero inflated negative binomial regression model for
prediction of accident frequency is as given below:

1
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Where py is probability of extra zero given by logit
model

g 592+AD - 0.38%«HVPER+0.204+STDEP+L180:5WDEF
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Where ¢ is a temporal variable used to give robustness to the
model. The total number of segment is used as temporal
variable in this study.

The relationships of predicted and observed frequencies are
presented in fig.3 and fig.4.
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9. CONCLUSIONS

In this study Zero Inflated Negative Binomial Regression was
found to be appropriate choice to predict the accident
frequency.

The models that have been developed can be used in the field
to predict the probability of certain number of accidents under
different geometric and traffic conditions.

Variables like, ‘shoulder width deficiency’, ‘access density,
and ‘standard deviation of speed’ used in this study were
found to have significant impact on traffic safety.

10. SUGGESTION TO IMPROVE
SAFETY

Based on the results of this study following suggestions are
made:

Shoulder width Deficiency should be eliminated from both
sides of the highway.

Shoulder should be maintained in usable condition.
Encroached shoulder should be made free from encroachment.

Speed limit enforcement is not required only for maximum
speed but also for the minimum speed. This will keep the
value of standard deviation of speed to a minimum.

At the planning stage only, lanes separated from motor-way
should be provided for motorcycles, slow moving and non-
motorized traffic. This will segregate vehicle with similar
dynamic and static characteristics and more uniform flow will
follow.

The access points to main highways should be very less in
numbers. This can be achieved by providing an auxiliary lane,
the extra lane constructed besides the highway, to allow road
users a safe way to merge into traffic from a specified
location. This will reduce bottlenecks caused by road users at
many points while attempting to enter or exit the freeway.
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