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1 INTRODUCTION

The Mumbai z Pune Expressway is a controllechiccess highway thatconnects Mumbai, the
commercial capital of India, to theneighboring city of Pune, aneducational and information
technology hub. This divided 6-lane roadway is an alternative to the old Mumbaiz Pune
highway and helps in reducing travel time between the two cities. Ihas a speed limit of 80
km/h along most parts of the stretch. Twoewheelers and three-wheelers ae not permitted to

usemost parts ofthe expressway.Common vehicle types plyinghe expressway are cars, truck
and buses.The expressway is94 km long and is witnessing a large number otraffic crashes

fatalities and serious injuries.

FIGUREL: MAP SHOWINGVIUMBAIZPUNE EXPRESSWAYCOURTESYGOOGLEMAPY

BACKGROUND

How did this study begin?

In July 2012, JRResearchindia (JPRDapproached the Maharashtra State Highway Police with a
proposal to conduct onsite crash investigation and accident dat&ollection on the Mumbaiz
Pune ExpresswayThe proposal was accepted, and fromtf7October 2012, JPRI researchers have
been examining accidents ossite as soon as they are informed of a crash by the police.

How is JPRI conducting this studyor free for the government?

This study is being conducted aNO COSTo the government. JPRI respects and is grateful for
the cooperation provided by the police and other government agencies for conducting these in
depth crash investigation studies. In return, JPRI prides reports that give scientific, detailed
and unbiased insights regarding road safety issues in India.

JPRI accident research teams spend a considerable amount of time examining road crashes. In
depth crash investigations are conducted in a scientifimanner involving detailed examination

of the crash scene, crash vehicles and the injuries sustained by the victims of the accident.
Whenever possible, researchers also interview the accident victims to understand the accident
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sequences betterThe data collected is stored in a database in a format which allows for detailed
analysis of accidents. Numerous measurements, observations and notes are taken on scientific
accident data fooms x EEAE AOA OOAA O AOEI A A @ddEMT OEA

Sampling Systeng) T AE®&6 021 33)6 EIT OEI 008 4EEO OAEAT OEAE

of automotive manufacturers who use it for improving vehicle design and developing India
specific safety technologies. This scientific research constium provides financial and technical

support to JPRIunder the RASSinitiative for obtaining this scientific data (More details in the

following sections).

FIGURE2: CRASH INVESTIGATIONEEINGCARRIED OUT BYPR ACCIDENTRESEARCH EAM
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Does this study affect my privacy?
This study is purely scientific , and personal information such as victim names, any contact
numbers, vehicle registration numbers, etc. are NOT stored in the analytical database.

JPRI crash investigation processes are designed keeping in mind that the entire purpose is not
to investigate accidens to find fault, but to make an unbiasedscientific examination of each
accident to determinethe various contributing factorsin order to better understand what could

be done to preventreoccurrences of such accidentsSince personal informationis not needed
for analysis, JPRI researchersafter completing an accident examination, dédentify all the
details that go into the analytical database.

Objective of this report

Over the first year of this study, 214 accidents were examined and analyzed in detail This
report provides an in-depth analysis of these accidents anaffers an analysis ofthe various
factors influencing accidents and injuries on the Mumbaj Pune Expressway.

A N L oA N oA oA

number of accidentsthese factors have influenced. This ranking is to help policy makers
decision makersand road safety stakeholders in planning cost effective road safety investments
using datadriven road safety strategies.
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ABOUTIJP RESEARCHNDIA

JP Research Indi®vt Ltd is a research firmdedicated tothe business of automotive crash data
collection and analysis. The company, a fully owned subsidiary dfP Research, Incis a
forerunner in road safety research and has uwtertaken pioneering onscene accident
investigation and in-depth data collection projects aimed at scientifically understanding and
mitigating road accident fatalities in India.

Accident research has proven to be the best way to understand the characteiés of realworld
road traffic crashes. Countries such as the USA, UK, Germany and Japaimely use the results
of such research to significantly reduce the number of road traffic fatalities in their countries.
The fact that Irdia has been losingapproximately 150,000 lives onits roads every year makes it
imperative that we, too, conduct this kind of research to identify and then take swift steps to
address the key factors influencing the high traffic injury and mortality rate in our country.

JP Resezh India is experienced in using accident research methodologies developed in other

TAGEITO AT A AOOOI T EUET ¢ OEAOA O1 OOEO )1 AEA

numerous studies and onsite crash research projects on Indian roads, JP Reseaicllia has
developed its own Indiaspecific crash data collection forms, a methodology for conducting site
and vehicle crash investigations in the inimitable Indian traffic environment, and a searchable

database of indepth accident data. In addition, theAT | DPAT U8 O AGPAOOO 1 £A£FA

these areas, for those who would prefer to perform theiown data collection and analys.

In other words, at JP Research India, our overriding objective is to understand Indian roads,
traffic and road users in vays that can be used to save lives: ours and yours.

Contact:

E-Mail: reachus@jpresearchindia.com
Website: www.jpresearchindia.com

Head Office:

JP RESEARAGNDIA PVT LTD
583/1,1st Floor, Sri Kumaran Salai,
Civil Aerodrome Post, Avinashi Road,
Coimbatore 641 014

Tamil Nadu, India.

Phone: +91422-4400100

Pune Branch Office:

JP RESEARCH INDIA PVT LTD

Suite No 226, MLS Business Centres India Pvt Ltd,

Panchshil Tech Park, Survey No. 19/2@Behind Courtyard Marriot Hotel, Hinjewadi Phase 1
Pune 411 057

Maharashtra,India.

Phone: +9220-30013131
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ABOUTROADACCIDENTSAMPLINGSYSTEMd INDIA (RASSI)

India is currently ranked highest in the worldfor traffic fatalities; thus,there is a critical need to
reduce the number of road traffierelated fatalities across the country While the economic and
social benefits of implementing standardized accident reporting and crash data collection
systems to improve road and automotive safety and reduce fatalities have been demonstrated in
Europe and theUSAfor some time, therehas beemno comparable systenin India.

The absence of systematically collected, nationwide 4depth traffic crash data is seriously
impeding scientific research and analysis of road traffic accidents in India. To address root
causes of real crashes and injuries across India, it is necessary to fully understand the traffic
accidents taking place throughout the country. Only real world acceht data, properly defined,
can reliably identify the key factors that contribute to traffic crashes, both in terms of their
frequency and severity. Further,since cultural and sociceconomic conditions as well as the
roads themselves, affect driving coniions and crash outcomesthe data must be specific to a
particular region. Recently, a automotive accident data system based on US/European
design, but modified for Indian conditions? has been successfully demonstrated in the state of
Tamil Nadu by a cosortium of private companies. This initiative is callecRASSI

The genesis of the RASSI project began with a passenger car crash analysis study undertaken in
Chennai. This led to shorterm accident studies on National Highways in the districts of
Kanchipuram and Coimbatore with the cooperation of the Tamil Nadu state police. Based on the
experience from these initial studies, a robust methodology was developed to perform-aepth
accident data collection and research that applied generically to all Indiaroads. A relational
database was also developed to record the scientific data obtained from each accident
investigated by the researchers. Based on the early success of RASSI, a number of OEMs came
forward to provide financial support for the continuation of the study on a yearly basis. In 2011

ET *02)80 #1 EIi AAOT OA $AOA #A1 OOAh OEA 2133) #|
were granted interactive access to the database.

Crashes are continually being investigated in detail by JPRI teaimnsCoimbatore and Puneand
the program logsa wide array of data as well as vehicleand crash site photographs. The teams
collect and assess detailed evideneesuch asskid marks, broken glass,impacted objects,
measurements of crash damage to the veh&d and identify interior vehicle locations contacted
by occupantsduring the crash event They then follow up onsite investigations by linking
medical record reviews to document the nature and severity of injury from a crash.

The longterm goal of the RASIConsortiumis to extend RASSI to create an integrated network
of data centres across Indiawith the support of other automotive and transportation-related
companies and of thegovernment. This would result in a common set of automotive crash data
for research and analysis afoot causes of Indi® O O1 Aidsue®.0 A E/£EE A

Contact:

Website: www.jpresearchindia.com/rassi.html

RASSI Technical Committee Chairman:
Mr. Ravishankar Rajaramanr@vishankar@jpresearch.com
RASSI Business Committee Chairman:

Mr. Ajit Dandapani @jitd@jpresearch.comn)
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2 METHODOLOGY

ACCIDENTDATASAMPLE ANDDATAANALYSIS

JPRI researchers examined total of 214 expresswayaccidentsbetween 7th October 2012 and
31st Ociober 2013. These accidentdnvolved 328 road users(317 vehiclesand 11 pedestrianst)
and resulted in72 fatal victims and more than 140serious injury victims.

How were these accidents found?

JPRI esearchersare informed by the police of any accidents that occur on the expresswélyat
the police come toknow of. During thefirst year of this study, the JPRI accident research team
also came upormany acidents on the expresswayhat had not been reported These accidents
were usually minor or no injury, but occasionallyinvolved serious injuries. The crasheswere
not reported to the police as the ehicle owners preferred not to register a complaint. Such
accidents although not reported to the police,are still important for in-depth accident analysis.
Hence,the JPRIlaccident research teangoeson regular rounds of the expresswaynd examines
many suchnon-reported accidents in addition to thosethey are informed of by the police To
determine whether an accident has been reported to the police, JPRI researchers follow up with
the police station up to 2 weeks after the accident.

Non-reported
Accidents
143
(67%)

FIGURES3: DISTRIBUTION OF POLEEREPORTED ACCIDENASID NONREPORTED ACCIDENTS
IN THE DATA SAMPLE

Although JPRI researchers have examined more accidents than have been reported to the police,
there may still be other serious/minor accidents which may have begssed

Why ares u ¢ hon-teportedé accidents important?
Having access to alaccidents including thosethat are not reported to the police, ismportant
becausethis:

1. Gves a more realisticindication of the number of accidents actually Appening on the
expressway.

2. @Gves an indication that not all accidents result in fatalities or serious injuries even
minor or non-injury accidents should be addressed

3. Allows analyststo determine which safety systemswork well, and which ones donot
work as desired,in preventing an accidentor mitigating injuries.

1 Pedestrians also include occupants standing outside their vehicles.
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CONTRIBUTINGACTORS A PRIMER

Road traffic accidents are primarily influenced by three main factors:
1 Human(usually drivers and vehicle occupantsbut also pedestrians and cyclis)s
1 Vehicle
1 Infrastructur e (roadway and the environment)

Typically, accidents are analyzed for each of the above factoend the accident is finalized as a
result of a problem with only one of these factors. This type of analysisresults in an
overrepresentation of human failures andtends to identify driver errors as the main
contributors to road traffic accidents. Thus the commonlyrepeated wisdomz Mriver error is
the cause of over 90% of accidenés 8

The problem with this type of analyss is the assumption that the driver initiated the accident
and hence all responsibility lieswith him/her. Influencing factors which arevehicle-related and

infr astructure-related are often not accounted for, eventhough they are an inseparable part of
the whole accident.

THEJPRI APROACH TGTUDYING AMCCIDENT

When JPRI researchers examine an accident, they try to determine all the possible contributing
factors (human, vehicle and infrastructure) leading to that accidenbecauseeach of these
factors can influence an accident independently or as a combinatioiThis kind of analysis gives

a broader perspectiveand can help identify vehicle and infrastructure related solutions that can
prevent accidents and mitigate injuries in spite of human errors.

QPRI approacih

('he conventional approach

Of course, notall accidentsresult in serious or fatal injuries, and even foraccidents occurring in
similar circumstances the types and severities ofinjuries are often not the same. JPRI
researchers have found that twaaccidents with similar contributi ng factors leading to the crash
can have very different injury outcomes based onthe contributing factors that influence
injuries. This necessitates that accident occurrence be understood separately from the

resulting injuries. Although injuries are the odcome of an accident, the causal factors for an
accident need not be the same dhosefor the injuries sustained

o

R‘ORt

Venn diagram analysis

FIGURE4: APPROACHES FOR ANALXZG ACCIDENT CAUSES
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Hence, just as an accident is analyzed for human, vehicle and infrastructure factors that
contributed to its occurrence, the resulting injuries are similarly analyzed for human, vehicle
and infrastructure factors that influenced ther occurrence and severity

Below is a representation of the JPRI approadb analyzingcontributing factors:

1. Factors nfluencing the occurrenceof an accident.
2. Factors nfluencing the occurrenceof an injury.

Contributing JE-TRIERISH)
Factors accident

Accident

Contributing Ainfluencing fatal
Factors or serious injuries

N -

FIGURES: A REPRESENTATION OF EHCONTRIBUTING FACRS ANALYSIS FOR A@ENTS AND FOR INJURS

Below are two accident cases that demonstrate the above methodology.

Case 1 A sleepy driver departs the roadwaytowards the roadside and goes down a open
slope on his left.The vehicle has visible damage and is not drivable, but trdriver sustained no
injuries. The driver was wearinga seatbelt in this case.

Case 2 A sleepy driver departs the roadway towards the median and mpacts a concrete
barrier built within the median. The vehicle is damaged and not drivable. The passenger
compartment has alsobeen intruded due to theimpact force from the barrier. The driver
suffered fatal injuries. The driver was not wearinga seatbelt, and the passenger compartment
intrusions aggravated the injuries

In both cases, lie circumstancesleading to the accidentare the same; sleeping and departing
the roadway but theinjury outcomes arevery different. One driver is able to walk away from
the accident, while in the other case, the drivedies.

JP Research India Pvt. Ltd. | MumbaiPune Expressway Road Accident Study
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AN EXAMPLE DEMONSTRATINGARIABILITY OF INJUROUTCOMES
FROM SIMILAR ACCIDENCONTRIBUTING FACRa

No injury Fatal

Seepy driver

Seepy driver Narrow shoulder width

Manmade concrete barrier
Seatbelt not used by occupants
Passenger Compartment Intrusions

Not applicable
(No injury)
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3 DATA ANALYSIS
The 214 accidents examined by JPRWere analyzed to give a brief understanding of the
characteristics of accidents on the expressway.

DISTRIBUTIONDFACCIDENTS BHUIGHESTINJURYSEVERITY

The distribution of the total 214 road accidents by injury severity (based on the most severe
injury sustainedby any human involved in each accident)s shown inFigure 6. As can be seen,
around one third of the accidentsexaminedduring the first year of this studyresulted in fatal or

serious injuries. In all, 68 accidents (by count) involved fatal or serious injury to at least one
occupant or pedestrian

No Injury

43% Serious

14%

Minor
24%

FIGUREG: DISTRIBUTION OF THR214 ACCIDENTS BY HIGHESNJURY SEVERITY

Injury Severity Definitions
The following are the definitions used to classify accidents.

Fatal Injury: An accident involving at least one fatalityAny victim who dieswithin 30 days of
the accident as a result of the injuries due to the accidei#t counted as a fatality

Serious Injury: An accidentwith no fatalities, butwith at least one or more victimshospitalized
for more than 24 hours.

Minor Injury:  An accident in which victims suffer minor injuries whichare treated on-scene
(first aid) or in a hospital as an outpatient.

No Injury: An accident in which no injuries are sustainedby any of the inwlved persons.
Usually only vehicle damage occurs as a result of the accident.

JP Research India Pvt. Ltd. | MumbaiPune Expressway Road Accident Study




DISTRIBUTIOMNF ACCIDENTBY TIME OF OCCURRERC

The 214 accidentsused for the contributing factors studywere plotted against time durations of
3 hours (Figure 7) to identify times when accidentsoccur. The data shows highespercentageof
accidents(58%) occurred during the time period of 00:00 (midnight) to 08:59 hrs.The highest
percentages of accidents resulting inatal/ serious injury occurred during the time periods of
03:00 to 08:59 hrs(35%) and 15:00 to 17:59 hrs(22%).

All Accidents = Fatal/Serious Accidents

50
26
0 22
% 19 19
13 16
12 12
| J J I | ]
6
i | ‘y 2
0
0 T T T J T T T J T T
< & P P & & S o &
00(1/ o b OQCb ‘ 0\\ ‘ O\b“ O,<\ ’ O"19 . 0"{;b . (\\{S\O
S S QQ\ QQ\ QQ\ QQ\ QQ\ QQ\ D
B 0 < N - W 6 D Qj D r\’ 2
S N Na N 7 N N )

Time of Occurrence

FIGURE7: PERCENTAGE DISTRIBUON OF ACCIDENTS BYME OF OCCURRENCE

Please note that in th abovefigure and the nexfigureh O& AOAT ABADEDO OO O ALA O|C
counts andnot the numbers of injury victimsr vehicles involved

DISTRIBUTIONF ACCIDENTBY DAY OF WEEK

As shown in kgure 8, although accidents are distributed over all daysof the week, Tuesdays,
Thursdays and Sundays show ightly lower percentages, possibly due to reduction in the
volume of traffic. However, Sundays show a higher percentage of fatal/serioascidentsthan do
Tuesday or Thursday. Over the initial year of this study, Mondays and Wednesdays had the
highest perentage of fatal/seriousaccidents, a trend that would be interesting to follow in the
oncoming years. As the data on this roadway grows, it might also be instructive to match time of
day to days of the week to see whether the fatal/serious Monday crashder example, follow
the time periods seen for the year overall. If the highest percentage of fatal/serious crashes in
any 3-hour period occurs between 15:00 and 17:59 hrs on Mondays but not on Wednesdays, the
data may suggest links besides traffic volume.
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All Accidents = Fatal/Serious Accidents

25

21
19 19
16 ” 15 15 16
13 12 13
% 11
9
7
O T T T J T T T

Monday Tuesday Wednesday Thursday Friday Saturday Sunday
Day of the Week

FIGURES8: PERCENTAGHISTRIBUTION OF ACCHNTS BY DAY OF WEEK

VEHICLES/ROAD USERBVQ.VED

A total of 328 vehicled road users(317 vehicles and 11 pedestrians)vere involved in the 214
expressway accidents examined.Figure 9 shows the percentage distribution of the types of
vehicles/road users involved in these accidents. Please note that the figure iaded on a count
of the vehicles and pedestriansinvolved in all the 214 accidentsand not the number of
occupantsor accidents. In case of pedestrians, each pedestrian is a single colrihdings show
that the type of vehicles/road users most often involved in accidents on the expressway are
trucks (63%), followed distantly by cars (29%).

100

63

%
29

4 3 1
I I
Truck Car Bus Pedestrian Unknown
Vehicle / Road User Type

FIGURE9: PERCENTAGE DISTRIBUTIOGF VEHICE/ ROAD USER TYPE INV@ED(N=328)

In total, 11 pedestrians were involved inthe accidents examined however, 8 of these
pedestrians were involvedin a single accident These pedestrians were standing at toll plaza
due toaprevious accident following which another vehicle crashed into them
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VEHICLES/ROAD USERS-FECTEDN CRASHESWITHFATALOR SERIOUS

INJURY

Figure 10 shows the percentage distribution of vehicleSoad users directly associatedwith a

fatality or a seriousinjury due to the crash Please note that percentagegiven for cars, trucks,
and busesreflect a count of vehicleswith at least one fatal victim or serious injury victim Only
in the case of pedestriansthe percentage reflecs the number of persons couted.

As can be seerthe vehicles with the highestshare offatalities or serious injuries to occupants
are cars. Cars constitute58% of vehicles which had at least one fatal occupantand 436 of

vehicles which had at least one seriously injured occupant Trucks, which have a high
involvement in accidents, as seen above, have tlsecond highest share of fatal or serious
injuries. Trucks constitute 30% of vehicles whichhad at least one fatal occupantand 3?6 of

vehicles whichhad at leastone seriously njured occupant

m Fatal © Serious

100
58
% 45 37
30
18
10 )
0
0 . — .
Car Truck Pedestrian Bus

FIGUREL10: PERCENTAGE DISTRIBUON OF VEHICLEROAD USER TYPHN CRASHESVITH AT LEAST ONE
FATALITY OR SERIOUSIJURY VICTIMN(FATAL)=40 VEHICLESAND N(SERIOU$= 38 VEHICLES

The data not onlyindicatesthat cars and trucks are the two road usersnost frequently involved
in accidentson the expressway(Figure 9), but also shows that cars and trucks are associated
with more occupant fatalitiesor seriousinjuries than are any other road usertypes (Figure 10).

ACCIDENTYPES

Figure 11 shows the distribution of the 214 accidentgincluding the 68 fatal/serious accidents)
as categorizedby accidenttype. Theten accidentstypes used in coding for this study ardisted
below.

1. Collision with another vehicle whichstarts, stops or is stationary.

2. Collision with another vehicle moving ahead or waiting.

3. Collision with another vehicle moving laterally in the same direction.
4. Collision with another oncoming vehicle.

5. Collision with another vehicle which turns into or cosses a road.

6. Collision between vehicle and pedestrian.

7. Collision with an obstacle in the carriageway.

8. Run-off-road to the right.

9. Run-off-road to the left.

10. Accident of another kind.

Detailedexplanations for eaclaccidenttype are provided inAppendixA.
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FIGURE11l: PERCENTAGE DISTRIBUON OFACCIDENTS BY ACCIDENYPE

Figure 11 shows thatQun-off-roadd A O Ad®dar 6r 55% of accidents followed by collisions
between vehiclestravelling in the same direction(33%). It is interesting to note that vehicles

running off road to the right (29%) have more fatal/serious injury accidents than vehicles
running off road to the left (20.5%), even though there aremore accidents involving vehicles
leaving to the left 4 EA A A O A C1cfdént &f Ariothefkihddidvolves crashes not covered
by the other categories, such asuck jackknifing, fires, and rollovers on the carriageway.
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4 CONTRIBUTING FACTORS ANALYSIS

To determine the contributing factors influencing the occurrence of each accidengl4
accidents wereanalyzedin detail.

ANALYZINGACCIDENTAND INJURYCAUSATION

Factors Influencing Occurrence of Accidents (214 accidents)

A distribution by contributing factors (human/vehicle/infrastructure) for the 214 accidents
analyzed over the first yearof this study is shown in the Venn diagram (Figure 12). This

diagram shows that humanfactors alone (57%)had the highest nfluence on the occurrence of
accidents followed by the combination of human and infrastructure factors(22.5%) and vehicle

factors alone (16.5%).

The influences of each factorin the occurrence of acciderg were found to be

Factor All Combinations Alone With next largest influence

Human 81.5% 57% +22.5% Human/Infrastructure = 79.5%
Vehicle 19.5% 16.5% + 2%Vehicle/Human = 18.5%
Infrastructure 24 .5% 1% +22.5% Infrastructure/ Human = 23.5%

When the overlapping combinations are considered, infrastructure factors, which weréar
down on the listof influences (L%), move up past vehicle factors.

Human (81.5%)

FIGUREL2: DISTRIBUTION OR14 ACCIDENTBY CONTRIBUTING FAORSINFLUENCING
THE OCCURRENCE OFHIACCIDENT

JP Research India Pvt. Ltd. | MumbaiPune Expressway Road Accident Study

A




Factors Influencing Occurrence oflnjuries (68 fatal/serious accidents)

Of the 214 accidents, 6&ccidents involved fatal or serious injury to at least on@ccupant or
pedestrian. These 68fatal or serious accidents were analyzed to determine the contributing
factors influencing the occurrence of injury The distribution by contributing factors
(human/vehicle/ infrastructure) is shown in the Venn diagram(Figure 13). This diagram shows
that vehicle factors alone (286) had the greatestinfluence on a fatal/serious injury outcome,
followed by a combination of human and vehicléactors (21%) and combination of vehicle and
infrastructure factors (19%).

The influences of each factorin the occurrence of injury were found to be

Factor All Combinations Alone With next largest influence
Human 50% 10% +21% Human/Vehicle = 31%
Vehicle 80% 28% +21% Vehicle/Human = 49%
Infrastructure 41% 3% +19% Infra./Vehicle = 22%

When the overlapping combinations are considered, infrastructure factors, which were again far
down on the list (showingonly a 3% influence), make a surprising showingduman factors, too,
show arobust influence when considered in combinationparticularly with vehicle factors.

Human (50%)

e (00
%j $

FIGUREL3: DISTRIBUTION O68 FATAL SERIOUS INJURNXCCIDENT®Y CONTRIBUTING FAORS
INFLUENCING THE OC®RENCE OF THE INJURY
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HUMANFACTORSNFLUENCIN@ACCIDENTOCCURRENCE

For the 214 accidents examinedthe following are the contributing human factors determined
to have influenced theoccurrence of an accident. The table showsoth the number and the
percentage of accidents inflenced by each factorPlease note that more than one factor can
influence anaccident hence the sum of percentage influence will not be equalgom of human
factors influencing accidents (81%).

Contributing Human Factors Number of %
(Accident Occurrence) Accidents  Influence d
Driver Sleep / Fatigue 63 29%
(50 Trucks, 12 Cars, 1 Minitruck
Speeding- Excessive speed for conditions 35 16%
(21 Cars,12 Trucks, 1Minitruck, 1 Bus)
Speeding- Exceeding speed limit 31 14%
(28 Cars, 1 Truck, 1 Minitruck, 1 Bus)
Improper lane change 17 8%
(11 Trucks, 5 Cars,1 Bus)
Driving too slow for conditions 15 7%
(13 Trucks, 2 Cars)
Following too closely 9 4%
Parkedvehicle on road (full or partial) 8 4%
Use of wrong lane (includes overtaking in undivided roads) 6 3%
Parked vehicle off the road 5 2%
Overtaking fromthe left side of other vehicle 5 2%
lllegal road usage (includes travelling in the wrong direction) 4 2%
Driver under influence of dcohol 2 1%
Pedestrian dangerousbehavior on roadway 2 1%

TABLE1: CONTRIBUTINGHUMAN FACTORS INFLUENCINGHE OCCURRENCE @A4 ACCIDENTS

As can be seen, driver sleep/fatigue, speeding, improper lane change and driving too slow for
conditions account forthe largest percentage 74%) of the driver errors leading to an &cident.

Countering Human Factorsthat Contribute to Accidents

The top five human factors identified in Table 1 are described in brief in the following
paragraphs and information is provided on existing solutions to counter these human errors.
Please note that e solutions identified here are merely suggestions. JPRI researchers are not
experts in road engineering vehicle designdriving regulation or enforcement. But the company

is aware of solutions that have been implemented in other partef the world and are already
available; these are outlined here. What might actually work best for any specific situation is a
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decision to be made by government engineers and agencies basedtloa types of crashes being
seen,existing infrastructure design constraints and cost effectiveness.

Driver Sleep / Fatiguefi 29% (50 trucks, 12 cars, 1 minitruck)
Continuous driving for many hours, particularly on long
stretches at constant speedcan make drivers feel bored and
sleepy. Add nocturnal hours or postlunch hours, and the
problem is aggravatal. These combinations carcause divers
to fall asleep and drive off the roadway into the median or the |
shoulder area.

At what time is this problem most prevalent?

Truck drivers typically spend a lot of time driving at night. Hence, 92% of sleep/fatigue
influenced truck accidentswere observedbetween 00:00 (midnight) and 9:00 hrs as shown in
Figure 14. In the case of car accidentshowever, 75% of the sleep/fatigue accidentsoccurred
during daylight hours.

100

57

m Truck
%
m Car

17
8 6
o. 0 0
, , |
00:00 to 03:00 to 06:00 to 12:00to 15:00 to 18:00to  Unknown
02:59 05:59 08:59 14:59 17:59 20:59

Time of Occurrence

FIGURE14: DISTRIBUTION OSLEER FATIGUE ACCIDENTS ROTRUCKS AND CARBY TIME OF OCCURRENCE
N(TRUCK$ =51; N(CARg =12.

How cansleepy drivers be alerted?

This problem has been observed world over and is not unique to the exsway. Below are
some soutions, implemented successfully in other countrieswhich can ke considered by road
engineers and vehicle engineerfor this problem.

Road Engineering: Continuous Rumble Strips

Continuousrumble strips are aroad safetyfeature
that alerts inattentive drivers to potential danger
by causing a tactile vibration and audible
rumbling, transmitted through the wheels into the
vehicled O  AQ\Acbninuous rumble strip is
usually applied along an edgeor centerline to
alert drivers when they drift from their lane.
Rumble strips are effective (and coseffective) for
reducing accidents due to inattention or
sleepiness, and they are also effective for keepin g e |
drivers in their lanes in low visibility conditions such as fog or dense rainShoulder rumble
strips are most effective when part ofa wide, stable shoulder for a recoveryThat is, the driver
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should have enough space to maneuver the vehicle back onto thead. Such stripsmay also
prevent drivers from using theshoulder laneas an overtaking lane

Vehicle Engineering: Driver Attention Assist
The innovative Attention Assist system by Daimler (pictured at
20 1407 left) is part of a new wave of smart gadgets designed to give
drivers a little extra help. Volvo offers a similar feature called
Driver Alert Control, and other auto manufacturers have their
sndion Asalet 220 own versions. The systens can detect when drivers start to
22:30 e N become drowsyand will prompt them to take a break before itis
260, too late. These use a variety ofneasures to determine whether a
driver is nodding off, drifting in his/her lane, or changing
his/her driving patterns, and they not only sound alerts but
suggest the driver take a coffee break, anthneven direct them
to the nearest way station for rest ad refreshment. These are not yet standard features, though,
so safety measures external to the vehicle might be desirable for the interim

Speeding Excessive speed for conditiondi 16% (21 cars, 12 trucks)

Speeding Exceeding speed limitfi 14% (28 cars, 1 truck)

Driving too slow for conditionsii 7% (13 trucks, 2 cars)

Having a wide and open highwayunder them, drivers tend to speed on the expressway. Even
though the speed limit is set to 80 km/h, most vehicles, especially cars, are found travelling well
over this speed limit.

Technically speaking, speeding does not directly lead to an acciddotvever, thehigher the
speed, thdes®r is the time available for the driver to react. Hence, in the event of a crash due to
speeding, usually it is suddensteeringmaneuver(to change lanes, avoid an obstruction, etc.), a
burst tire at speedor not enoughtime to reactthat leads tothe accident.

Driving too slow is likewise an indirect contributor to crashes. Other drivers (especially
speeding drivers) can comeup on a slow vehicle faster tharexpected, forcing an avoidance
maneuver. There are sections 6 the expressway passing through ghats/mountains where
trucks are unable to drive fast on the uphill gradient and tend to slow down a lot.

How to tackle the problems of speedingvehicles and slow moving vehicle8

Even though theexpressway hasposted speed limits, drivers often ignore these orconsider
them appropriate for other vehicle types(e.g., a good speed for a heavy truck, but not for their
responsivelittle car). Hencethere is an urgent need forscientific research to undersand what
drivers feel is a safespeed based on the road features and the vehicle being driven. Many
countries have improved on speed limits using speed management techniques such as one
described below

Step 1:Speed Data Collection

The first step is to identifywhether the posted speed limits are acceptable to the traffic. This can
be established by conducting traffic speed studies to identify speeddy vehicle type (cars,
trucks, buses, minitrucks, etc.) for a sample of vehicles Then determine the 85 percentile
speed the speed below which 85% of the sample population is travelling on a stretch of road
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Step 2: Plan the speed limits
With the speed data obtained, road engineers can plan for reliable and safe speed limits on
various sections of the epressway. The speeds can differ by vehicle type or by the lane of travel.

Step 3: Driver communication and then, speed enforcement

Any new speed limits need to be effectively communicatedn addition to speed limit posts
communication of changes in sped limits can beenhancedthrough road markings and traffic
calming measuresFor example, h sections where trucks slowdown to climb a grade, signage
could warn approaching drivers of theslow traffic lane ahead In the ideal scenario, he road
environment itself would psychologically influence the driver to follow a safe speelimit. Good
speed enforcement is the final alternative to control driver speeds.

The World Health Organization Global Road Safety Partnershi (GRSP),
FIA Foundation and World Bankhave jointly created good practice
manualsd [ AT U OI PEAO OAI AGAA O1 0T A
- AT ACAl AT 06 x EHideHRor dhyOpolibymakér,irdad engineer,

practice

police officer or even the general pult to understand how speeds can be
controlled based on experiences from countries successful in doing sA

gooda

Z

Improper lane changeii 8% (11 trucks, 5 cars, 1 bus)

This problem is due to a drivereither weaving diagonally across lanes (rather than moving
through one after another in an orderly progression) or failing tocheck mirrors or indicate

intention to other drivers before changing lanes catching other drivers by surprise Many

motorists have been observed changing lanes without giving proper indication.

What can be done to keep drivers in their proper lanes or convince them to use
indicators?

Use of indicators to communicate to other drivers about the intention to turn or change lanes is
important and must be encouraged for safe drivingProper lane usecan be enforced through
visual evidence from CCTV cameras and fining motorists at toll plaza

Co-passenges could help, too, byrequesting that the driver use indicators and observe lane
discipline. This is essential for the saty of all vehicle occupants and other road users.

Vehicle engineering: Lane Departure Warning

Much like the driver dert systems for dowsiness and often incorporated as part of those, a
lane departure warning systemis designed to warn a driver when the vehicle begins to move
out of its lane without a proper turn signal. Suchsystemshave the added advantage of traimig
drivers to use their indicators (to avoid the constant warnings)
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VEHICLEFACTORSNFLUENCING ACCIDERNTCURRENCE

For the 214 accidents examinedthe following are the contributing vehicle factors determined
to have influenced theoccurrence of an accident. The table showsoth the number and the
percentage of accidents inflenced by each factorPlease note that more than one factor can
influence an accidenthence the sum of percentage influenaaay not be equal to sum ofehicle
factors influencing accidents1(9.5%).

%

Contributing Vehicle Factors Number of
(Accident Occurrence) Accidents  Influence d

Brake fade 0
(24 Trucks) 24 11%
Tire burst 0
(7 Cars, 2 Buses, 2 Trucks) 11 5%
Seering defect o
(3 Trucks) 3 1%
Suspensiondefect 0
(2 Trucks) 2 1%
Other defect 2 1%
Overloading 1 0.5%

TABLEZ2: CONTRIBUTINGVEHICLEFACTORS INFLUENCINGHE OCCURRENCE @A4 ACCIDENTS

Of all vehicle factors contributing to an accidenttruck brake fadeinfluenced the mostaccidents
(11%). Tire burst, too, was a contributing factor in a notabl@ercentageof accidents §%).

Countering Vehicle Factors that Contribute to Accidents

This section offers a brief description othe top two vehicle-related accidentlevel contributing
factors and provides a few possiblesolutions to counter these.

Brake fade i 11% (24 trucks)

Brake fadais the term used to describe the reduced braking abilitghat can occurif brakes are
applied often or for a long period Brake fade often occursvhen a truck driver applies brakes
continually or repeatedly on a long, steepdownhill as the mass of the truck fights to gain speed,
and the driver fights to restrain it. When braking ability diminishes and gravity is still providing
acceleration, a crash is dkely outcome.

What can be done fortruckers to avoid this problem?
Road engineering: Truck brake check areas

A brake check area isafety measure that allows truckersan
area in which to pull safely off the road to check the
operation of their brake systems. Typically, places to
perform a brake inspection are located just before a long,
steep downgrade.In the USA, esme brake check areas are
mandatory; failure to stop in the designatedarea, and to
check the brakes, is a violation of the law.
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Road engineering: Run away truck ramp
Runaway truck ramps are often provided
on the same steep roads that have brake
check areas. These runoff areas are
typically sand or gravel filledand whenever
possible run uphill off a long downhill
stretch of road. They are designed to help
large trucks that are having braking
problems on long downgrades to come to a
safe stop. Deep sand or gravel slows the
OOOAES O IrdpidiABudnBtiabruptly. These systems save lives and expensive vehicles
and cargo. The picture alongside shows a runaway truck escape ramp in China. (Source:
Wikipedia)

Tire bursti 5% (7 cars, 2 buses, 2 trucks)

The tire defectsseen in the course of this studyvere associated with vehicles running at high
speedsor due to poor maintenance of tires (tread depth very low, incorrect inflation pressure)
While definitive investigation of tire bursts and defects requires detailed tire investigation,
analysis and testing, which isoutside of the scope of this study, researchers were able to
confidently identify 11 accidents where a tire burst was a contributing factor.

Solutions? First we need to identify causes.

A scientific study conducted with the cooperdbn of tire companies and the transport
department can help identify specific problem areas causing defects that lead to tire failures.
Such studies can also help in determining the necessary preventive measutkat can be put in
place by manufacturers ad preventive maintenancethat can be carried out by drivers to avoid
tire related accidents.

4 N
Tire bursts and Tire camage

During the course ofthe accident study, researcherscame across many accidents where
drivers claimed that a tire burst caused the vehicle to lose control and meet with a
accident. JPRI researchers are trained to exangirthe scene and differentiaé tire bursts
from tire damage causedy impacts with objects such as curb stones, barriers,ugters, etc.
Researchers were able to identify the accidents where a tire burst had actually occurre
leading to an accident and separate them from those where tire damagdpad occurred. The
picture on the left shows a tire burst with the telltale marks on the accident scene. Th
picture on the right shows tire damage caused due to impact of tires with curb stones.

| TIRE DAMAGE

W
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INFRASTRUCTUREACTORSINFLUENCING ACCIDERTCCURRENCE

For the 214 accidents examinedthe following are the contributing infrastructure factors
determined to have influenced theoccurrence of an accident. The table showsoth the number
and the percentageof accidents influenced by each factorPlease note that more than one factor
can influence an accidenthence the sum of percentage fluence will not be equal to sum of
infrastructure factors influencing accidents24.5%).

%

Contributing Infrastructure Factors Number of
Influence d

(Accident Occurrence) Accidents

Poor road marking/signage
(11 Trucks, 8 Cars)

Shoulderz Narrow
(13 Cars, 3 Trucks, 1 Bus)

Sharpcurvature .
(10 Trucks, 5 Cars) 15 7%

Inadequatewarning about accident/parked vehicle

19 9%

17 8%

(11 Trucks, 2 Cars 2 Buse} 15 e
Shoulderz None 3 1%
Gapin-median 3 1%
Vision obstruction due to trees/plantations 1 0.5%
Uphill Gradient 1 0.5%

TABLE3: CONTRIBUTINGINFRASTRUCTUREACTORS INFLUENCINGHE OCCURRENCE @A 4 ACCIDENTS

Poor road marking/signage (9%), narrow shoulders (8%), sharp road curvatures (7%) and
inadequate warning about accident/parked vehicles (7%) together influenced 31% of all
accidents.

Countering Infrastructure Factors that Contribute to Accidents
This secton offers a brief description of the top contributing infrastructure factors that
influence accidents on the expresswagnd some locations where they are prevalent.

Poor road marking/signage i 9% (11 trucks, 8 cars)

Road markings and signage are importarmeans of communication between the roadway and
the driver. They inform drivers about whatto do based ontheir desired destination or direction

of travel. The ability of a driver to see, read, comprehend and make decisions is largely dictated
by the plaement, size, visibility and illumination of the signboards. Like many roads in India,
the expressway exhibits some problems with this vital information link. igure 15 offersa few
examples of poor road marking and signage which resulted in accidents.
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Poor road signage and a
poorly visible height clearance
bar is a major problem for
truckers when they arrive at
this exit. The exit comes
immediately after a sharp right
turn and for most trucks
travelling in the left-most lane,
it is difficult to make out which
lane to travel in to continue
their journey or if they should
even take the exit.

TR AR e
-THANK You

Probably the best example
of poor road marking is the
end of the expressway
towards Pune. A sharp right
turn eventually joins the
bypass road. Even though
speed limits have been put
up, most drivers are
traveling at well over
double the speed limits
posted. Chevron signs
posted are hardly sufficient
to warn drivers to reduce
speeds while travelling
around this bend.

End of Expressway - Towards Pune

Rumble strips put up right
after a tunnel are quite a
surprise for motorists who
come out of the tunnel. No
advance warnings are
provided for drivers to
expect them. This has
resulted in rear ending of
vehicles slowing down.

Fortunately, these were
removed after some
accidents occured and the
mistake was realized.

Kamshet Tunnel

FIGUREL15: EXAMPLES OF POOR ROMARKING SIGNAGE

JP Research India Pvt. Ltd. | MumbaiPune Expressway Road Accident Study

A




