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Abstract
Infrastructure development and/or enhancement banrareas entail the assessment of safety paramégethe efficient and safe
movement of the road users from a transportatiagirezer’s perspective. It has become an essentiglqfavery transportation plan
to focus on the road user safety aspects not ortllye present traffic condition, but also with ttteanging scenario of the traffic flow.
The major purpose of this study was to developaaidant prediction model that would depict the @ffef some of the major factors
on accident causation on urban roads. The factoduided road characteristics and traffic volumeadlst collected for a selected
stretch in Bangalore that is one of the major blapkt locations of the city. The selected beshditlel had an excellent coefficient of
determination (I%dj = 0.967), encompassing the crucial variables sushcarriageway width, shoulder type, number of minor
crossings, land use, road condition, average sméerhffic stream and composition of trucks. lemsvisioned that this study will help
recommend the significant safety measures that tedsk adopted by the transportation planners isigiging a safer road user

environment.
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1. INTRODUCTION

An improvement in socio-economic conditions of thepple
along with industrial and infrastructural developrhiss bound
to create an additional burden on roads by meansnof
increased number of vehicles and associated masieg the
roads. Along with the enormous advantages causethiby
magnitude of progress, roadway accidents have lzdsome
one of the main causes of concerns due to bothvithdil
(persons) and economic losses. Therefore, thera Isige
demand for assessing these accidents through fegtiand
analyzing the various causes that are responsiethieir
occurrence, and also to recommend the various ii@med
measures to mitigate the accidents. Generally sszidents
are analyzed by means of precisely defining thentve
involving damage to the property and/or injury tee troad
users, which are recorded first-hand by the pokoel/or
emergency services. Accidents are rarely caused bingle
factor [1]. Usually, the interaction of the diverset of factors
such as roadway design parameters, road user loehavi
environmental conditions, etc., cause accidentajelver, one
factor can be more responsible than the rest, anceasily be
identified. Most of the metropolitan cities in ladiare
witnessing the phenomenon of escalating growthediicular
traffic due to population explosion coupled withige scale
socio-economic activities. This has resulted inesewraffic
problems on roads in terms of safety and detei@mrdh the

eco-friendly environment due to an increase in ex@nd air
pollution. Causation of accidents can be well ustierd with
the help of analyses of accident statistics, wtdah provide
insight to understanding the many factors of roadicents
[2]. Based on the studies [3] it is observed theg highest
accident severity rate was recorded in Delhi fokdwby
Bangalore, Mumbai and Chennai. Out of the several
influencing factors, such as urbanisation, popaolatjrowth,
increase in the number of vehicles etc., the pajylaf mass
transit system might be the key reason for a venydccident
severity rate in Mumbai. Bangalore is one of thstdat
growing metropolitan cities of India (and South Easia) that
has grown exponentially in the past two decades T4le
population of Bangalore city has reached 9 Milliorthe year
2011 with a vehicular population of 4 Million; awdicated by
the Bangalore traffic police. The boom of software,
biotechnology and manufacturing industries have nifeegl
the requirements of fundamental services, whictehasulted

in an expansive urban sprawl into challenging propos.

1.1 Background

Generally, prediction of accidents is performedamalyzing
the various factors responsible for accidents amahtifying
their effect on the accidents using statisticalhtégues.
Several global studies have been carried out infitid of
accident prediction modelling from the past few abiss,
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beginning with the pioneering effort conducted hyJR=Smeed
[5], popularly known as the Smeed’s law developedhe
year 1968; this is an empirical equation that esddhe vehicle
registration and population to the number of faédi Later
on, the models for the accident prediction devedofmsy
Ponnaluri [6] had the Smeed and Andressean’s [Qeahas
the bases. The studies of Ponnaluri analyzed tlagiarship
between accident fatalities, population and vehisl@ership.
The stability of the Smeed’'s model for applicatit;m the
various states over time was also investigated. Vdréous
models developed were compared based on the deafof
variation (CV) using the Statistical Package foci@bScience
(SPSS) software. It was found that the original &inmodel
overestimated the fatality rate per vehicle wheplied to the
Indian conditions. The generalized models were dotm be
efficient enough to understand the fatality ratddany
methods of model development have come to lighthénpast
few years that have made the model development more
efficient and effective.

Multiple linear regression analysis was one of fingt and
simple methods of analysis taken into considerafanthe
model development, which gave satisfactory perfowea
This technique is still being used in the develophwd simple
models. Some of the recent studies include thedewt
prediction modelling conducted by Hashmi et al. y@&ich

was based on the driver opinion surveys to envisthge
accidents. The model helped in identifying the gkhiand
driver characteristics that played a vital roleirioreasing the
number of accidents thereby, assisting in formatpgffective
measures to mitigate the accidents. Mustakim ef9%lalso
adopted regression analysis in which road andid¢raélated
factors were considered as independent variabléshnamber
of accidents as the dependent variable. The stadgdf that
the number of access points to the road strete;lighting

conditions and the Annual Average Daily Traffic (BA) are
major contributors for the occurrence of accideftse study
conducted by Greibe [10] dealt with the development
simple realistic model for the prediction of aceitein an
urban junction and road stretch. The applicatidnthe model
were to indentify the various factors responsibte the
accident occurrence and determine the ‘black spotghe
study area. The results of the study shows thatattuédent
frequencies of the road links and junctions considevere
related to the various factors causing them by meah
generalized linear modelling.

1.2. Objectives and Scope of the Study

The objective of the present study is 1) To idgnti&rious
factors responsible for the occurrence of the actidn the
selected stretch of Bangalore, and 2) To quarnti§rteffects
on the causation of accidents 3) To understandetlagionship
between various factors causing accidents and to&lent
occurrence. 4) To develop a model between variaatofs

causing accidents and the accident occurrenceg usim-
linear regression analysis.

1.3 Study Area

A three-kilometre road section from SRS bus stop to
Yeshwanthpur railway station bus stop on the Tumiad
(NH4) was chosen for the study as it is one ofttpethree
major accident prone roads in Bangalore. The sttdstch
was divided into ten homogeneous sections of 30@mmeach
for the purpose of analysis. The segments were dané\, B,

C and so on up to J for identification.

1.4 Data Collected

The preliminary data collected through road invento
included details on road geometrics, land use patted road
side facilities. The average peak hour traffic voéu per
direction was determined through classified voluswint
surveys for morning and evening peak hours. Secgrdkta
included details on the accidents such as locatiehjcles
involved and accident severity for the years 2@, 1, and
2012, with respect to the study stretch, colleéteth the FIRs
of Yeshwanthpur traffic police station.

2. METHOD

For the purpose of analysis the dependent variaids
selected as the average of the total accidentsotiwatrred in

the past three years, along the study stretch. Road
characteristics and traffic volume details formetie t
independent variables for the analysis and sumnpedoua

total of 19 independent variables. The best tréames|of each
predictor variable and the dependent parameter weae/n
using MS EXCEL 2007, to understand the relationship
between each independent variable and the dependent
variable. For further elimination of non essengiatameters, a
correlation matrix was developed using MS EXCEL 200
From the correlation matrix, the variables showihigh
Pearson’s correlatiorp (> 0.5) with the dependent variables
were selected. One out of two dependent varialblas had
high correlation with each other was also excluded,
considering the assumptions made in any type afessipn
analysis. The individual trends were further useddnduct a
mixed type of regression modelling. Statistical kRaye for
Social Sciences (SPSS) software was used to conduct
regression analysis.

3. RESULTS

The best trend lines of each predictor variable ahe
dependent parameter indicates that the variabléewied
different trends such as linear, polynomial, expuiaé and
power (Table 1).
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Table 1: Relationship of each individual parameter with diependent variable

S. Independent Variable (x) Expression Relationship R2

No.

1 Carriageway width (CW) y =0.7245x2 -14.321x £73 | Polynomial | 0.604

2 No. of minor crossings/ side roadsy = -0.3533x2 + 2.5141x + Polynomial | 0.0884
exits (NM) 3.7206

3 Width at approach of minor crossiny = 0.1565x2 -0.3571x +3.3333 Polynomial  0.237
(WA)

4 Median width (MW) y =-3.9167x2 +11.208x +7 Pabynial | 0.325

5 Shoulder type (ST) y = 12.016e-0.636x Exponenti&l.672

6 Shoulder width (SW) y =1.1111x2 -5.4444x +10.33Folynomial | 0.274

7 Foot path (FP) y =6.2261e-1.482x Exponential 60.4

8 Land use (LU) y = 3.8333x2 -10.5x +9.6667 Polyredm| 0.644

9 Average speed of the traffic strearny = 45.421e-0.045x Exponentigl  0.344
(AS)

10 Service road width (SRW) y = -0.4683x2 +4.11%Folynomial | 0.495

+3.0621

11 Road Condition (RC) y =-9.4375x2 +17.437x +8 lyRomial | 0.423

12 No. of junctions (J) y =6.875x + 5.125 Linear 3O

13 Total traffic volume (TV) y = (-4*10-6)x2 +0.032 - | Polynomial | 0.128

25.475

14 % of 2- wheelers (TW) y = 3156.9x2 -3472.7x +@37 | Polynomial | 0.637

15 % of Auto Rickshaws (A) y = 170.93e-61.14x Expotial | 0.538

16 % of Cars/ jeeps/ vans (C) y = 10689x2 -5328665.45 | Polynomial | 0.704

17 % of LCVs (LCV) y =179682x4.1235 Power 0.253

18 % of Buses (B) y = 105.24e-50.92x Exponential 250.

19 % of Trucks (T) y = 474.98x -0.5392 Linear 0.767

Note: Bold letters indicates the higher influené¢hose variables with occurrence of accidents.
It could be inferred based on the R2 values (Tdblethat the statistical goodness of fit parameters suctagjsisted R2”

some parameters have a high influence on the tataber of and “Se/Sy” values shown in Table 3.
accidents. The parameters with higher influence hwit
occurrence of accidents were further filtered kegph view

of practical aspects as well as the correlation rimaio
consider those parameters to develop the modefadtfound
from table 2, that road condition and average sméecaffic
stream had a high correlation with each other=(0.729).
Consideration of both the parameters for the studg very
important as both road condition and average spdeithe
traffic stream formed crucial factors in any typeagcident
analysis. To incorporate both these parametensemtodel, a
new parameter, named ‘Speed Component’ that was a
relationship between the road condition and avespged of
traffic stream was generated. This new parametes also
considered as a predictor variable amongst therothar
model development. The best fit model was selebtes®d on
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Table 2: Correlation matrix

7 cw NM WA Mw ST S FP AS J LU SRW RC TV ™ C AR LCV | T B Y
cw 1

NM 0 1

WA 0.156 0.703 1

MW 0.024 0 0.330 1

ST 0.489 0 -0.149(  0.489 1

sw 0.304 0 -0.043| 0.426 0.597 1

FP 0.234 0 -0.167| 0.234 0.671 -0.195 1

AS 0.591 0 -0.225| 0.179 0.748 0.514 0.396 1

J -0.547| 0 0.389 0.234 0.671 -0.584  -0.2p -0.704 1

LU -0.104 | -0.263| -0.111] -0.62§ -0.596  -0.649 -0.17 -0.323 0.45 1

SRW | -0.680| O -0.064| -0.44 -0.713  -0.441  -0.4b1 -0.398 0411 0.630 1]

RC 0.512 0 -0.364| -0.22( 0.629 0.548 0.234 0.729 -0.p37  -0j104 -Q.295 1

TV 0.260 0 0.055 0.085 0.160) -0.510  0.66[ -0.0p1  0.4777 0.102 -0437  -0.102 1

™ -0.023 | 0 -0.165( 0.369 0.578 0.65( 0.124 0.373 -0.450 -0)667 -0.261 0,232 0551 Q1

C 0.026 0 0.240 -0.31§ -0.708  -0.335 -0.565 -0.532  0.452 0.409 0143 -0.338 .230 -0.810 (1

AR -0.012 | 0 -0.092 0.604 0.745) 0.08:! 0.858 0.400 -0.129  -0412 -0.370 0129 .370 0.408 -0.754 (1

LCVv 0.169 0 -0.159| -0.908  -0.48 -0.237  -0.427 -0.066 -0.270  0.587 0.429 0}225 0.327 0.248 |030234 | 1

T -0.211 | O 0.155 -0.48§ -0.804 -0.439 -0.598 -0.398 0.434 0.752 0692 -0.217  4{0.081 0.782 (0.74202 | -@.508 1

B 0.096 0 0.021 0.456 0.483 -0.271  0.86R2 0.14 0.1p1 -0j146  -0428  -0.030 .837 0.176  |-0.233 | 0.798 -0.688 | 1.
Y -0.015 | 0.063 0.473 -0.294 -0.73p  -0.486 -0.4p6  -0.445 0.545 0.f27 0[542 -p.387 0.005 [-0.720 [0.68D1 | -0.423 0.876 -0.27! 1

Note: Highlighted cells show the maximum correlati@lues

Table 3: Classification of goodness of fit by statisticatameters [11]

Criteria adjusted R2 Se/Sy
Excellent >0.90 <0.35
Good 0.70-0.89 0.36-0.55
Fair 0.40-0.69 0.56-0.75
Poor 0.20-0.39 0.76-0.90
Very Poor <0.19 >0.90
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4. MODEL DEVELOPMENT

The following model was selected as the best fitdeho
satisfying both statistical ("E{jj: 0.916 and &S, = 0.390) as
well as practical considerations. Sensitivity stsdiwere
conducted to calibrate the model and also studyeffext of
each variable on the urban road accidents.

y = 6.037 + 0.041(CW) + 0.471(8") + 4.346(T) + 2.170(LU)
—0.338(SC) c.vvvvrrnnnnnn (1.1)

Where, y = average number of accidents per years Sgeed
Component = 29.904 &R

RC = Road condition (0- Bad; 1- Average; 2- GoddyV =

Carriageway width (m);

ST = Shoulder type (0- Absent; 1- Paved; 2- Unpgved: %
of Trucks in the traffic stream

LU = Land use (1- Residential; 2- Commercial; JHuatrial);

5. DISCUSSION AND RECOMMENDATIONS

The objective of the study was to identify and gselthe
various parameters responsible for accidents. Basedhe
literature review, the prominent factors resporsitfor
accidents were identified. The study stretch wasiddel
considering some important features such as fdiagilfor
conducting surveys and availability of adequatedsstt data.

Tumkur Road being one of the accident prone roafls o

Bangalore was selected as the pilot stretch aglfiidd the

aforementioned requirements. Substantial amounatd was
collected and segregated for further analyses. Miype of
non linear regression analysis was adopted andtdibmodel

was selected which was statistically and practcsitinificant.

Although the average speed of traffic stream shovesd less
R2 value with the dependent variable, it was stilhsidered
for the study, as average speed of the traffiastréormed a
crucial factor in any type of accident analysis.

The study showed that carriageway width, shoulgee,troad
condition, land use and composition of trucks affic stream
were the most significant parameters affecting deatiis on
urban roads. Some of the recommendations that drenen
from the above results and field observations haeen
enlisted below:

* Provision of dedicated lanes for the slow movinghe

vehicles and very strict monitoring of the regudati

* A minimum width of unpaved shoulders to be provided

the road infrastructure which also contributes t® t

reduction in the rate of the accidents.

» Stringent measures to be taken to restrict the mewn¢ of
heavy vehicles during the peak hours.

» Restrict the number of minor exits and implemefeaive
design provisions to allow for safe traffic divensialong
such exits.

e To allow safe convergence of traffic near the figoexit,
provision of signals (ramp meters) to regulateitiflew of
traffic from below the fly over.
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