IRAP Baseline Data Collection in India

Final Repo&Gujarat Phase

Submitted by:

JP Research India Pvt. Ltd.
583/1, %Floor, Sri Kumaran Salai,
Civil Aerodrome Post, Avinashi Road,
Coimbatore 641014 Tamil Nadu, INDIA

Submitted to:
International Road Assessment Programme (iRAP)
Worting House, Basingstoke Hampshire, RG23 8PX UK

29 March 2012




IRAP Baseline Data Collection in India

Final Reportd Gujarat Phase

Table of Contents

ACKNOWLEDGEMENTS. ...ttttteeiiuttiireessiiiee aassusseeeeesanssseeeessansssees tasssseesesansssseesessmnseeees sreees 2
INTRODUCTION ...ttttteteiuttiieeeeasiiiies aattteeeeesassseeaaesanssaeeees ateeeeessassseeeesaassseeeens teeeeesssnnsses 3
PROJECTOBIECTIVES ...ttt e e et ee et tettiit ettt a e e e e e e es eeeeeaaaeeeeeeeeesreebnebban aaas 3
ROADCORRIDORS. ... tttteeeaiititteaesiiies eeaiisueeseessasssreseessassees aasssssseeessssssseeeesasnsnens seseees 3
DATAREQUIRED. ... 1eieeeiiititieeeessiiiies aastseeeeesasssssseeeaaassesaes tseeesessssssseseessnisreneaaas sreeeenans 3
PROJECTTIMELINE. ... utvtteeeeiittiieeeessiiies eesauueeseessaisssesaeesasssnes aesssssseeessasssseeeessanssenes sesseees 3
OBJECTIVE OF THIS BRM.......cuviiieiiiitiiiraesiiiis aeasisssssaessasssesesssanssnes sassssssessssmsssseesssannsens 3
ABOUTIPRESEARCHNDIA. .....citttiteeeeiiiiitteeeii eeeeaastteeaeesssttaeeeesaass aeessssseeeesaaseneeeesaannnes 4
SHEBASELINDATACOLLECTION 1.ttt etiuttieereessistreraees teeeeeessssssereesssssssereeeass ceeeessmssseeeessnnsnnes 5
THESTUDYAREA. ...ct et tiittttteeeastttttaaes teeeesasisseeeeesaasssreeeeaaas teeeesasssseeeessasssreeeesnnns eeesnnsnns 6
TRAFFIG/OLUME ANIBPEEDDATA ... .vtiiieeeiitiiieeesaiiiies aastteeesesssssseseeessssssneees rseeeesssssssseees 6
POLICEDATA ..ottt e es ettt e e e et e e e s e et eeeees eeeeesssaaeeeeesaataaeeeeaaas seeeeaarrees 13
ACCIDENTNVESTIGATIORIATA. ... uviiiiieiiiiiiee e e eeiiies eeiiiiee e e e s abtre e e e s e saraees aarreeeesssissneeeens 22
CONCLUSIONS. ... utttieeeeeiititeeeeseits aeeeiataeeeeesaasbreeeeeaaasbaes oasstseeeesssassssseessassnsees arseeeesens 32
SHI13BASELINDATACOLLECTION. t.tuueeitiittiaeeeeeettiins aeaeeettinaaeeeeessnnaaaeerees areeeeeeensnnaaeaees 34
THESTUDYAREA. .....ceiittteee e et eittteteees eeeeessaiaseeeeessstaereeeaaas teeesassaeeeeesassaeeaeesanes 2eeennees 35
TRAFFIG/OLUME ANIBPEEDDATA ... .vttieeeeeitiieeeeeasnnees aansseeseesssssneseesssssnnees snseesessssnssnees 35
2@ RT3 = 5 SR 41
ACCIDENTNVESTIGATIORIATA. ... .ttiiieeeeiiiiieeeeeiiiee aenniieeeeessssnreeeesssnneees annneeeaesssssneeees 47
CONCLUSIONS. ... ttttteeeesiteteeeesases weessssseeeeesanssaeeeeeaaassaes oasssseeeeessnssseseessansneens nsseeeeenns 55
APPENDIA: VEHICLETYPEDEFINITIONS ... .utviiieeiiittiereeeaiiis eeesaiusreeeessasssssesssainns oeenissesseesns 57
APPENDDIB: POLICEDATACODINGFORMAT. ... tttiteee et e e e eeeeiit areeeeeeettineeeeeeaninnaeeeee crnnnaaeas 59
APPENDIXC: CRASHCONFIGURATIONYPES. .. ttuiiiieeieiiiiieeeeeeeiis aeeeeeeeettineeeeesaninnaaeeees arnnneaens 60

iRAP Baseline Data Collection in IndjaFinal Reportd Gujarat Phase




Acknowledgements

We express our sincere thanks to Mr. R T Rohit, Research Officer; Mr. B J Bhatt, Assistant
Research Officer; and Ms. Chitr€hudasama, Assistant Engineeof the Gujarat Engineering
Research Institute (GERI); and Mr. Sameer Rawal, Executive Engineer, Public Works
Department (PWD), Gujarat State; for extending their support throughout the project.

We also thank Mr. Gautham ParmalIPS, Superintendent of Police Bharuch District, and all
officers of Bharuch District Police who offered their support during the project.

And finally, we are grateful to Mr. Greg Smith, Regional Director; Mr. Luke Rogers, Senior Road
Safety Engineer|nternational Road Assessment Programme (iRAR) Asia Pacific; the World
Bank for providing us this opportunity to conduct safety research and to provide greater insight
into traffic safety issues on Indian roads. We also thank the Global Road Safety RgqiGRSF)

and Bloomberg Philanthropies for supporting and funding this initatbA O1 [ AEA )1 AHA

safer.

iRAP Baseline Data Collection in IndjaFinal Reportd Gujarat Phase

Qu



Introduction

The India Four States Project is an initiative of the Global Road Safety Facility (GRSF) funded
with support from Bloomberg Philanthropies The project includes iRAP road infrastructure risk
AOOAOOI AT OO AT A POAPAOAOGETT 1T &£ ET OAOGOI AT O bi
i Andhra Pradesh : 440km

1 Assam : 970km

1 Gujarat: 570km

1 Karnataka : 1,800km

The Four States Project is being delivered in two phases. The first phase has been managed by
the GRSF, which procured road inspections and coding (including coder training and
supervision) according to iRAP specifications. The contract for these servicesms awarded to
ARRB Group and their Indian partner company, Indian Road Survey and Management (IRSM).

The second phase of the project includes collection of supporting data and generation of iRAP
Star Ratings and Safer Roads Investment Plan. This phases lbeen contracted to JP Research
India Pvt. Ltd. (JPRI) for the states of Karnataka and Gujar@he details of this project are as
below:

Project Objectives

The objective of this project is to collect data for selected road corridors that can be usegt b
1. The World Bank to establish a baseline for monitoring of road safety performance.
2. iIRAP in the generation of Star Ratings and Safer Roads Investment Plans.

Road Corridors
This project focuseson the following four state highways

1. SH17 : Maddur to Mysore, Karnataka 153 km
2. SH20 : Belgaum to Hungund, Karnataka :171km
3. SH6 : Dahej toBharuch, Gujarat 145 km
4. SH13 : Ankleshwar to Valia, Gujarat :30km

Data Required
1. The data required for each of the road corridors is:
a.Accidentdata and fatalities
b. Traffic speeds
c. Traffic volumes
2. The data is to be collected through primary research (in the field) and secondary research
(liaison with local authorities).

Project Timeline
The projectduration including reporting is to be completed by31 March 2012.

Objective of this report
This report documents the Gujarat Phase of the project and includes tdata collected, analysis,
findings and conclusions of the flblowing state highways:

SH6z Dahej to Bharuch
SH13z Ankleshwar to Valia
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About JP Research India

JP Research India PvLtd. (JPR) is a research firm involved in the business of automotive
accidentdata collection and analysis since 2006. The company, a fubbywned subsidiary of JP
ResearchInc., is a forerunner in road safety research and has undertaken pioneering-snene
accident and in depth data collection projects aimed at scientifically undstanding and
mitigating road accident fatalities in India.

Accident research has proven to be the best way to understand the characteristics of reairld

road traffic accidents Countries such as the USA, UK, Germany and Japan have been able to use
the results of such research to significantly reduce the number of road traffic fatalities in their
countries. The fact that India has been losing more than 100,000 lives on road eyeear 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.

JPRI is experienced in using accident researchethodologies developed in other nations and

AOOOT i EUET ¢ OEAOA O OOEO )1 AEABGO O1T ENOA OOAA

and onsite accidentresearch projects on Indian roads, JP Research India has developed its own
India-specific accident data collection forms, a methodology for conducting site and vehicle
accidentinvestigations in the inimitable Indian traffic environment, and a searchable database
ofinAADOE AAAEAAT O AAOA8 )1 AAAEOEI T h nedehread| | DA
for those who would prefer to perform their own data collection and analyses.

In other words, JPRB @verriding objective is to understand Indian roads, traffic and road users
in ways that can be used to save livesours and yours.

Contact:

JP RESEARCH INDIA PVT LTD
583/1,1st Floor, Sri Kumaran Salai,
Civil Aerodrome Post, Avinashi Road,
Coimbatore 641 014 Tamil Nadu, INDIA
Phone : +91422-6065001

E-Mail : reachus@jpresearchindia.com
Website : www.jpresearchindia.com
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SH6: Baseline Data Collection

Shown above is a picture of the StatéggHway 6 (SH6)from Dahej to Bharuch. It shows
a truck travelling in the opposite direction and a twwheeler rider trying to avoid the
truck. Also in the picture is a pediemn walking on the paved shoulder which seems tc
narrow in width.
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The following sections describe the area of study, data collectefindings and conclusions for
the State Highway 6(SH6) corridor from Dahej to Bharuch.

The Study Area

The study area, a 4%m stretch of SH6 connecting Dahej to Bharuch was selected based on
instructions provided by iRAP for performing traffic volume speedand accidentdata collection.

SH6 is a four lane divided road which, at the time of the study, wasder construction to be
converted into a six lane divided highway. SH6 is the most important road for connectivity with
Dahej, which is an industrial area and houses the Gujarat Industrial Development Corporation
(GIDC), Dahej Special Economic Zone (SEBaAd Dahej Port. Most of theoad stretch was under
construction during the study period. The undefconstruction part was dug up, on both sides of
the road. Although some parts of the stretch did have a third lane in either direction, this third
lane did not have road markings and was used by vehicles as a parking lane rather than a travel
lane.

Traffic Volume and Speed Data
The following section gives details of the traffic volume and speed data collection for SH6.

Spot Selection

The stretch was carefily studied to determine places where significant traffic was being added
to the highway or being subtracted from it. These places usually include major towns or villages
that draw frequent on/off traffic, either as destinations in themselves or as conneitins to some
other place.Spots around these location®ffer a good idea of the traffic volume for the whole
stretch selected. Thestudy sites on SH6have been identified as per theGlobal Positioning
System (GPS) coordinateprovided in Table 1, and theyare showngraphically in Figures 1 and
2.

A 21°42'49.07" N 72° 38'34.82" E Rural 50
B 21°43'29.74" N 72° 44'59.02" E Rural 50
C 21°42'45.30" N 72° 48' 37.34" E Rural 50
D 21° 41'47.82"N 72°55'17.54" E Rural 50

Table 1 GPS Coordinates, area type anegted speed limit of the fourstudy sites on SH6
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Figure 2 Photos of thestudy siteson SH6 (Sites A, B, &hd D)
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Data Sample Collected

Data collection for traffic volume count and speeds was as per the guidelines laid down by iRAP.
0i AAOA OA EARaselhéDatd® EdllectiorEirRlhdiz) 1 AADPOET T 2 Adiby IPRI6 D §
on November 1, 2011.

The data sample collected for traffic volume count and speed onall sites of SH6 at 4 time
durations (06:01 to 12:00, 12:01 to 18:00, 18:01 to 24:00and 00:01 to 06:00)is shown below:

91 4 locations were monitored(SitesA, B, Gand D).

9 7286 vehicles were counted during four timedurations.
1 6661 speeding incidents were recorded.

9 1471 minutes of datawas collected.

The status of data collection (speed and traffic volume) at all studsites at different time
durations are shown inTable 2.

SSF?edsy 00:01 to 06:00 hrs | 06:01 to 12:00 hrs | 12:01 to 18:00 hrs | 18:01 to 24:00 hrs

Site A Data collected Data collected Data collected Data collected

Site C Data collected Data collected Data collected Data collected

Site D Data collected Data collected Data collected Data collected

Site B Data collected Data collected Data collected Data collected

Table 2:Satus of traffic speed and volume data collected at different study sitemn SH6

Traffic Volume Count
To standardize the observed time for comparison, JPRI normalized the count in a given site for a
given 6 hourO &me duration to an one hour sample This was done by using the following
formula.
006 d i m&)c‘f]'ﬁ)ii ) 3 §£~X‘é~é GOE £ 1QQ0 Q
06 & OI0 V0O IR0 ¢ OHVAENH QE 6 ZQiT8 QL 6 0 Qi
dQ& Qe 6 6 Qi

This one hour sample was thetA OOADT | AOAA O1I OEA OPAAEEEA o
results were then added to get a estimation of the number of vehicles passing through a given

site in 24 hours.Based on the abovealculation, the new total vehicle count obtained for SH6 is
66444 and the total vehicle count at each site is as show below in Figu3.
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16734 16872
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Vehicle Count

Site A Site B Site C Site D
Sites on SH6

Figure 3: Traffic volume count at each site ont6 estimated for 24 hours.

The 24 hour data sample for traffic volume count was distributed by vehicle typand the result
is asshown in Figure 4. The definition for each vehicle type is providadAppendix A.

Figure 4 indicates that cars (38%) constituted the highest road user type counted on the SH6.
This was followed by trucks (36%) and motorised two wheelers (18%). Other motor vehicles,
buses, pedestrians, bicyclists and hemotorized vehicles together accounted for only 8% of the
total traffic volume.

Others Pedestrian
4% 1%

Figure 4: Percentage composition of road usersounted on SH6
(Sample Size66444 vehicles countedat all sitesduring the four time durations)

It is important to note that:

1. Cars, trucks and motorized two-wheelers form 92% of the vehicles on SH6.
2. Although motorized two wheelers are the third highest vehicle type, they account only
for 18% of the vehicles on SH6

Traffic volume percentage counts for each time duration
Traffic volume countswere taken at different durations of the day (the four timedurations) at

each of the four study sites (AB, C, and). The data for each timeduration is as shown in
Figure5.
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Figure 5: Traffic volume percentage distribution by vehicletype for the four time durations on
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The resulting data provides an estimate of the volume and types of vehicles seen on weekdays
on the study stretch for each of the timedurations. Traffic volume was lowest during the night
hours (00:01 to 06:00) and trucks were the main road users plying at this time. Trucks
constitute the highest road users during the timedurations of 00:01 to 06:00 and 12:01 to
18:00, while cars are the highest road users for 06:01 to 12:00 and 18:01 to 24:0@otorized
two wheelers showed more presence on road during the day (06:01ot18:00) compared to the
night.

85th Percentile Speeds

4AEA "OAOAAT OET A OPAAAG EO OEA OPAAA AO 10 AAIT
OOAOGAT 8 4EEO | AAOOOA EO AEAEZAOAT O AEOI T OEA OA
caused by very few vehicles that travelled at high speeds (variations thatould necessarily be
included if a simple average was calculated), the 8%ercentile reflects the speed at which most
vehicles travel on a given stretch of road. The overall 8percentile speed for each vehicle type
(averaged across all four sites) ishown in Figure6.

100

o||II||l

Truck Others  All vehicles All vehicles
(except car:

85th Percentile Speed
(in kmph)

Vehicle Type
Figure 6: Average®5t percentile speed | £ A A A BpenlalAsiidy&it@sfo®SH6

It can be seen from Figuré that cars werefound to betravelling the fastest with 85h percentile
speed of 85kmph. Cars were followed bybuses motorized two wheelers and trucks with 85th
percentile speed of 70 kmph, 60 kmph and 58 kmph respectively. Clearly all vehicle types
(except for other vehicles like auto rickshaws, tractors etc.) were seen to be above the posted
speed limit of 50kmph on this road. The 85t percentile speedfor all vehicles was 71 kmphand

it was 66 kmph when cars were excluded from the calculations.

Findings and Observations
The following are the findings and observations of the speed and traffic volume count stpdn

SHé6

9 Trucks and cars constitute the highest number of road usermn SH6.

1 Motorised two wheelers constituted only 18% of the trafic volume and their presence s
mainly seen in the day.

9 Trucks are highest in volume during the night (0:01 to 06:00 hrs) and afternoon (12:01 to
18:00 hrs) while cars are highest in volume during the morning (06:01 to 12:00rs) and
evening (18:01 to 24:00hrs).

iRAP Baseline Data Collection in IndjaFinal Reportd Gujarat Phase
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1 Traffic was seen to be very low between 00:01 to 06:00 hrand mainly constituted trucks
(87%).

1 Almost all vehicle types were seen to be travelling above the posted speed limit of 50 kmph
85th percentile speed for cars was the highest at 8&mph.
85th percentile speedof all vehicles on the stretch was 7kmph, and it was 66kmph when
cars were excluded. Hencears seem to influence speed data a lot.

9 The 85" percentile speeds of trucks and motorized two wheelers (which together account for
54% of the traffic volume) were found to be 58 to 60 kmph.

i Cars, including vans and éps, are used as private transport vehicles and most people commute
to work and back in them. This and the lowolume of buses highlight the lack of public

transportation facilities.

HiKkhojbal
T

S NET

OINAVETHA

~oVegn: S OBHADBHUT

piMehgam

Traffic Speed

Card 83 kmph

Busd 68 kmph

Truck 0 57 kmph
M2W & 60 kmph
Othersd 43 kmph

All vehiclesd 68 kmph

Car6 80 kmph
Busd68 kmph
Truck 6 57 kmph
M2W & 59 kmph
Othersd 42 kmph
All vehicles 8 69

Card 89 kmph
Busd 74 kmph
Truck 0 60 kmph
M2W & 63 kmph
Othersd 42 kmph
All vehiclesd 74

Card 86 kmph

Busd 71 kmph

Truck 6 58 kmph
M2W & 59 kmph
Othersd 47 kmph

All vehiclesd 72 kmph

Caro 32%
Busod 2%
Truck 6 40%

M2W 8 19%
Othersd 4%
Pedestriand 2%
Bicycle d 1%

Total Count-16734

Traffic Volume Count

Card 42%

Busd 5%

Truck 0 35%

M2W 6 14%
Othersd 3%
Pedestriand 1%
Total Count-16872

Card 39%

Busd 2%

Truck 6 40%

M2W 8 16%
Othersd 3%

Total Count-13782

Card 40%

Busd 3%

Truck 6 29%

M2W 6 21%
Othersd 7%

Total Count-19056
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Police Data

Police reported accident datawas colected from three police stations (whose jurisdiction
includes the study area namely Dahej police station, Bharuch Taluka mlice station and B
Division police station). Police records showed 152accidents were reported on SH6 during
2009 to 2011 (Ist January 2009 to 3@ November 2011) between Dahej and Bharucfhe status
of police data collectionfor SH6 isas shown inTable 3 below.

Police Station 2009 2010 2011

Dahej Data collected Data collected Data collected

Bharuch Taluka Data collected Data collected Data collected

B-Division Data collected Data collected Data collected

Table 3: Statusof police reported accidentdata collection on SH6

Eachpolice reported accidentvas personallyreviewedby researchers by accessing police registers
for casedetailsand coded in a standardized coding form prepared by JPRI (Appendix B).

The data collected and analyzed is presented below:
General Overview bPolice Data

Injury Severity

Highest injury severity of an accident in the police record was confirmed by researchers by
looking at the Section of Indian Penal Code (IPC) under whichet case was booked. The IPC
sections for road traffic accidents and their interpretations for highest injury severity of the
road accident is explained inTable4.

INDIAN PENAL HIGHEST INJURY SEVERITY
CODE SECTION DEFINITION OF THE ACCIDENT
IPC 304(A) Causing death by negligence FatalKilled
IPC 338 Causing grievous hurt by act endangering life| Hospitalized/Grievous
or personal safety of others
IPC 337 Causing hurt by act endangering life or Minor Injury
personal safety of others
IPC 279 Rash driving or riding on a public way No Injury

Table4: Sections ofndian Penal Code (IPC) relating to road traffic accidentnd their
interpretation for injury severity .

A total of 152 accidentsresulted in 58 fatal victims and 207 injured victims.The accidentswere
divided based on the highest injury severity for eachoad accident The distribution of accidents
during the three years by injury severity is shown in Figure?7. It is good to note that the number
of fatal accidents is reducing each year.
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Figure 7: Distribution of accidentson SH6 over the years 2009 to 2011.

The distribution of all road accidents for 2009 to 2011 by highest injury severity is as shown in
Figure 8. Fatal accidents constitute over onghird of all police reported road accidents onSH6
while nearly half of the road accidents had the highest injury severity as hospitalize#ience,
over 80% of the roadaccidents on SH6 involvd killed or seriously injured victims.

Figure 8: Road accidenton SH6distributed by highest injury severity
(2009 to 2011 7 152 road accidents)

Time ofAccidents
The police reported accidents were then plotted against time durations of 3 hours to identify
times when accidents increase.

30

20195 2019.5
16 15
14 413

1113
= =N m .
Il Hl El | | |

00:01to 03:01to 06:01to 09:01to 12:01 to 15:01 to 18:01to 21:01to
03:00 06:00 09:00 12:00 15:00 18:00 21:00 24:00

Time Durations

% of accidents

m Killed / Seriously Injuredm All

Figure 9: Percentage dstribution of accidents on SH@ver different time durations
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The data shows highest number ofccidents occurred during the time durations of 09:01 to
12:00 hrs and 15:01 to 18:00 hrs. Also the highest number of killed or seriously injured
accidentstook place during these samedime durations. Interestingly the number of accidents is
highest in the day or late evening with 80% of the accidents occurring between 09:00 to 24:00
hrs. Time duration of 00:01 to 09:00 hrsdoes not have a significant effect oroads accidents.

Road Users Involed

As can be seen from Figuré0, trucks (41%) are the highest involved vehicles in road accidents
followed by motorized two wheelers (17%), cars (14%) and pedestrians (13%). These four road
user types constitute 85% of the road users involved in road accidents on SH6. Unknown road
users (4%) were usually vehicles involved in hitand-run cases and hence were not identifiable
from the police reports.

50

% Involvement in road accidents

2

Truck M2W Car Pedestrlan Bus M3W Bicycle/ Unknown
Others

Road User Type
Figure 10: Percentagedistribution of road usertypesinvolved in the accidentson SH6

Killed/Seriously Injured Road Users

As shown in Figue 11, motorized two wheelers (27%) were the most vulnerable road users
being involved in fatal or hospitalized road accidents followed by pedestrians (25%) trucks
(21%) and cars (15%) These four road user types constitute 88% of the road users killedro
seriously injured in road accidents on SH6Unknown road user types (1%) were not clearly
identifiable from the police reports.

35
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X M2W Pedestrlan Truck Bicycle / Unknown
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Figure 11: Percentage distribution of mad user typekilled or seriously injured on SH6
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Motorized two wheelers and pedestrians account for 30% of the road users involved ioad
accidents, but constitute 52% of the killed or seriously injured road users. Hence, thegre
considered as the most vulnerable road users on the SH6. Cars are thetnawst vulnerable
road users on SHEinvolvement is 14% while killed/seriously injured is 15%). Trucks have a
high involvement in road accidents (41%) while theyalso constitute onefifth (21%) of the
killed or seriously injured road user types

Crash Configuration
The 152 accidentswere distributed as per thecrash configurations and results were pbtted as
shown below in Figure 2. The definitions for the various types of crash configuratioase
provided in Appendix C.

50

3635

% of accidents

Crash Configuration

m Killed / Seriously injuread All

Figure 12: Percentage of accidenten SH6by crash configurationand injury severity

Front-rear collisions (36%) constitute highest number of acciders involving killed or seriously
injured victims followed by pedestrian impacts (28%), headon collisions (10%) and rollovers
(7%) on SH6. These foucrash configurationstogether constitute 82% of the total accidents.

Based on the aboveletails the following are the important points:

1. There is a high involvement of trucks in road accidents on SH6.

2. Motorized two wheelers, pedestriansand cars are the major affected road user types.

3. Trucks not only have a high involvement in road accidents, but also are the third highest
killed or seriously injured road users on SH6.

4. Front-rear collisions, pedestrian impacts, hea@n collisions androllovers are the major
crash typeoccurring on the SH6.

To understand these accidentsn more detail, the crash configuration for each accident was
analyzedto understand the pre-crash event (critical event leading to the crash) and the reasons
for the occurrence of the precrash event. The following sections show the results of the

analysis.
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In-Depth Analysis of Police Data
The four major crash confgurations are analyzedin detail below to understand and identify the
pre-crashevents and thecontributing infrastructure factors that led to these road accidents.

Front-Rear Collisions (54 out of 152, 3%%)
The 54 front-rear collisions were distributed as per the vehicletype and their respective injury
severity. Theresults were plotted as shown below in Figurel 3.

50
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M2W Truck Car M3W Bus Non-Motorized Unknown

Vehicle Type
m Killed/ Seriously injuredm All

Figure 13: Percentage @stribution of road user typesin front-rear collisions on SH6by injury
severity

Out of 54 road users sustainingserious injuries, motorized two wheelers were the highest
affected road users constituting 34% followed by trucks (30%) and cars (18%). lis also
observed that80% of the affected vehicles in frontrear collisions are motorized two-wheelers,
trucks and cas.

Pre-crash event
Front-rear collisions were analyzed to identify and determine there-crasheventleading to the
collision. The results ae as shown below inFigure 14.

100

35
17

% of front-rear
collisions

Parked/standing on road side  Slowed down Unknown
Pre-Crash Event

Figure 14: Pre-crashevents for front-rear collisionson SH6

From Figure 14 above, it is evident that most of the frontrear collisions were caused due to
parked or stationary vehicles on the road side. Vehicles that werparked alongside the road,
also occupiedpart of the driving lane due to insufficient shoulder widths.Thirty five (35%) of
the front-rear collisions were caused by vehicles which slowed down in the front due to various
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probable reasons (taking Uturns, overtaking, intersections, turning in or off the road,etc)
which was ot available in police records.

The main pre-crash event, i.e. parked/standing on road sidewas analyzedfor the parked
vehiclesby their vehicle typesas shown inthe Figure15 below.
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Figure 15: Type of the parkedvehiclesinvolved in 26 front-rear collisions

As can be seen fronfrigure 15, trucks constitute 85% (22 out of 26) of the vehicles which were
parked alongside the road causing afront-rear collision on SH6.This indicates that trucks
parked on roadside need to be considerefbr road safety improvements

Problemsidentified:
The following are the problems identified that lead to frontrear collisions. These problems
need to be clearly understood from indepth accident investigations.

1. Front-rear collisions nvolving parked trucks on the road side.

2. Front-rear collisionsinvolving vehicles slowing down.

Pedestrian Impacts (39 out of 152, 26%)

The 39 pedestrian accidentswere distributed as per the struck vehicle type andhe resulting
injury severity of the pedestrian. The resultsare plotted as shown below in Figurel6.
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Vehicle Type
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Figure 16: Percentage dstribution of pedestrian impactson SH6éby struck vehicle typeandthe
resulting injury severity of the pedestrian
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As shown in the Fgure 16, highest percentages of fatabr hospitalized pedestrian impactswere
caused due to truckg28%) followed by cars (28%) and motorized two wheelers (23%6). Vehide
type was not available for seven (7gaccidentsin police records which were probably hit and
run casesand were hence coded as unknown vehickype.

Pre-crash event

Pedestrian impactsare considered as the most dominant single vehiclgccidentsand hence the
pre-crash events for theseaccidentswere looked into to understand the pedestrian and vehicle
activity just before impact. The results were plotted in Figure 17. In 59% of the peastrian
impacts, the pedestrianwas walking alongside or crossing the road. This indicates the urgent
attention required towards pedestrian infrastructure like footpaths/ sidewalks and pedestrian
crossings

50

% of pedestrian impacts

Pedestrian walking Pedestrian crossing Vehicle Backing up Unknown
alongside the road

Pre-crash event Pedestrian Impacts

Figure 17: Pre-crashevents for pedestrian impactson SH6

In 5 pedestrian impacts coded as Vehicle Backing Up (13%he pedestrian got hit by \ehicles
reversing. In these cases, pedestrians were behind the vehicle (standing, sleeping or siting),
and the driver of the vehicle unknowingly reversed the vehicleand ran over them For 28% of
the pedestrian impacts, the exact prerash event could not be noted from the police records
and usually involved hit and run casesln most cases the pedestrians weravalking alongside
OEA OI AA 10 AOT OOET ¢ AT A OEAOGA xAOA AOPARAAEA
language) near villages, companies and bus stands.
Problemsidentified:
The following are the problems identified that lead tgpedestrian impacts. These problems need
to be clearly understood from indepth accident investigations.

1. Pedestrian impacts while pedestrians are walking alongside the road.

2. Pedestrian impacts while pedestrians are crossing the road.

Head-on Collisions(19 out of 152, 13%)
The 19 head-on ollisions were distributed as per the vehicle type and their respective injury
severity. The results were plotted as shown below in Figur&8.
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Figure 18: Percentage dktribution of vehicletypes affected inhead-on collisionson SH6by
injury severity

Carsconstitute 42% of the vehicle typesaffectedin killed or seriously injured head-on collisions
followed by motorized two wheelers (33%6) and trucks (25%).

Pre-crash event
Head-on collisions were analyzed to identify and determine there-crash event leading to the
collision. The results ae as shown below inFigure 19.
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Figure 19: Pre-crashevents for head-on collisionson SH6

Headon collisions were mostly caused by vehicles travelling in the wrong direction as seen in
Figure 19. Asper our observation, vehicles used to travel in the opposite directioto access the
nearest Uturn or driveway. This led to headon collisions with oncoming vehicles Eleven
(11%) of the headon accidents weredue to vehicles losing control and crossing the median.
These vehicles then hibther vehicles coming in the opposite direction on the other side of the
median.

The vehicles travelling in the wrong direction were identified and the result is plottedn Figure
20 below.
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Figure 20: Percentage dstribution of vehicles travelling in the wrong direction leading to a
head-on collision

As can be seenrdm the figure, trucks constitute 69% ofvehicles travelling in wrong direction,
followed by cars (15%).

Problemsidentified:
The following are the problems identified that lead tchead-on collisions. These problems need
to be clearly understood from indepth accident investigations.

1. Headon collisions due to vehicles (usually trucks) travelling in the wrodigection.

2. Headon collisions due to vehicles losing control and crossing the median.

Rollovers (12 out of 152, 8%)

The 12 rollovers were distributed as per the vehicle type and their respective injury severity.
The results were plotted as shown in Figue 21 below.
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Figure 21: Percentage étribution of vehicletypesinvolved in rollovers on SH6by injury
severity

The above graph shows that, trucks constitut&2.5% of the vehicles with killed or seriously
injured victims due to rollovers on SH6It can benoted that most ofthe rollover accidentcases
(8 out of 12) reported are either fatal or serioudy injured cases.It was observed that ninor
injury rollover accident cases aregenerally not reported to the police.
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Pre-crash event

Out of the 12 rollovers which occurred50% of them were stated in police reports to be caused
due to vehicleloss of control. Exact reason for the loss of control in these cases could not be
found in the police reports. Also, for the rest of 50% cases, thpolice report does not mention
any clearreason for these rollovers.

Problemsidentified:

Rollover accidents, especially involving trucks needto be clearly understood from in-depth
accident investigations.

Summary of police data analysis
Based on theabovedata analysis, the important findings are listed below:

1. Front-rear collisions are the highest in occurrence on SH6. This was caused due to
parked/standing vehicles (mostly trucks) on the road side or due to vehicles slowing
down for unknown reasons

2. Pedestrian impacts were the second highest in occurrenceln most cases the
pedestrians were walking alongside the road or crossingand these were especially at
EOT AGETT O j Al O AAT T AA OAEIT EAES ET 11 AAI
stands.

3. Head-on collisionswere due to vehicles(mostly trucks) travelling in the wrong direction
or because of vehicles losing control and crossing the median onto the other side.

4. Rollover accidents involved a high number of trucks but the exact reasons couldtrme
ascertained from the police records.

JPRI then analyzed the onsite accident investigation data to get a better understand ing of
the infrastructure problems causing the above.

AccidentinvestigationData

With the support of iRAP, the Gujarat Engineering Research Institute (GERI), and Biearuch
District Police, the JPRI team performed detailed investigations atcidentsthat occurred along
the stretch d SH6 defined as the study aredn-depth data was collected on allaccidents
occurring in this area from 01 December 201 to 14 January 2012. During thisperiod, 11
accidentshad taken place along this stretch out of which only 9 were examindd detail. Two
(2) could not be examined in detaidue to late notification from police and insufficient dataon
scene

General Overview of Accident Investigation Data

Injury Severity

A total of 11 traffic accidents occured on the study stretch of SH@ver a period of 45 days.
These accidents involved a total of 5 fatal victims and 6 minor-injury victims. As shown in
Figure 22, 36% of the accidents examined during this study period resulted in fatalites.

No accidents were seen during the study period with the highest injury severitgs hospitalized
or grievous injuries.
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Figure 22: Percentage dstribution of accidents examined byhighestinjury severity

Road Users Involved

The percentages of thaoad users involved in road accidents examined on SHéare shown in

Figure 23.
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Figure 23: Percentageinvolvement of road usertypes inaccidentsexamined on SH6

Trucks (52%) formed the majority of the accidentinvolved vehicles, folloned by pedestrian
(18%), motorized two-wheelers (18%) and finally carsand buses(6% each.

Killed/Seriously Injured Road Users

As perFigure 24, pedestrians (50%) and motorcyclists (9%) were the oly fatal victims of

accidents.
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Figure 24: Percentage distribution of mad user tpes killed in accidents examined on SH6
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Out of the 2 pedestrian impacts, one of them involved two pedestrians who were walking
alongside the road in the night when a truck hit them from the back killing them botlon the
spot. In a rather peculiar type ofaccident, a road under construction was used as a parking
space for buses. A bus while trying to park, hit a large ndixed concrete barrier that was kept
on the road. The barrier then fell on a person who was sitting in front of it, and killed him on ¢h
spot. This victim was considered as a pedestria@ut of two M2W fatalaccidents one was single
vehicle accident. The rider lost the control of the bike and slipped. The other M28¢cidentwas

a front-side accident, which happened at an intsection when the motorized two-wheeler was
crossing the intersection.

Crash @nfiguration

Out of the 1laccidentsexamined, the crash configurationwas determined and the results areas
shown in Figure 25. Most of the accidentsseen were rollovers(37%). Front-side collisions and

pedestrianimpacts were equally distributed (18% each).

60

% of road accidents

Figure 25: Percentage ofaccidentsby crash configurationand injury severity examined on SH6
(Number of accidents= 11)

Based on the above details the following are thenportant points observed during the accident

investigations:
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1. There is a high involvement of trucks in road accidents on SH6.

2. Motorized two wheelers and pedestrians were the only road usersn SH6with fatal

injuri es.

3. Pedestrian impacts were the most severe crash types observed on SH6.

4. A high number of rollovers were examined, but most of them were not police reported
cases a they involved minor injuries.
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Comparison d Police Dataand Accidentinvestigation Data

The data obtained from policerecords for the three years and the data obtained from crash
investigations by JPRI have been comparéd the table 5 below:

Police Data JPRIAccident Investigation Data
Duration 3 years 45 days
Number of accidents 152 11 (only 5 were police reported)
M2W (27%),

Pedestrians (25%),
Killed /Seriously Injured Truck (21%), Pedestrians(60%)
Road Users

Car (15%) M2W (40%)

Others (M3W, Bus, Bicycle,
Unknown) (12%)

Front-Rear (35%) Rollover (37%)
Crash Configuration Pedestrianimpact (26%) Pedestrianimpact (18%)
(Top four crash types) HeadOn (13%) Front-Side (18%)
Rollover (8%) Front-Rear (9%)

Table5: Comparison of police data and accidents examined on SH6
Based on the above comparison, the following observations halseen made:

1. As per theaccidentinvestigation study, there were on an averagef 7 accidentsper month
(11 in 45 days), whereas police records show only 4ccidentsper month (152 cases in 3
years).

2. Only5 out of the 11accidents(45%) examined on this stretch were reported by police. The
other 6 accidentswere not recorded since itresulted in minor or no injuries. In this aspect,
the data from police records could have an under reporting of minor and no injury cases.
Underreporting is seen in single vehicle accidents such as rollovers which do not involve
fatalities and multiple vehicle accidents involving only minor or no injuries.

3. Data from police reports show that front-rear collisions, headon collisions, pedestrian
impacts and rollovers are the four major crash configurations on SH6. While data from
accident investigations show that rollovers, pedestrians, fronside and frontrear are the
four major crash configurations on SH6.

4. Police reports show that rollover accidentsaccount for 8% of the total accidents whereas
data from theaccidentinvestigation study showthat rollovers constitute 37% (4 out of 11).

5. Pedestrians and motorized two wheelers were the most affected road users observed on
SH6.

As the sample size of thedata obtained from the accident investigation study is too small to
be a representative sample of accidents on SH6, hence, lis data has been used to
understand the pre-crash events of the accidents noted in the police data better.
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Front-Rear Collisions

As per police data, frotrrear collisions account for 3%6 of accidents on SH6 and are also the
most severe accidents. It has already beddentified using police data that the major problems
leading tothese accidents are:

1. Parkedtrucks on the road side.
2. Vehiclesslowing down.

These problems have been examined by JPRI through field investigations and are discussed
below:

Parked/Standing vehicles (sually trucks) on the road side
During the study period no crashes were observed as a result of this poeash event. Pictures
depicting this problem, as seen by researchersareshown below.
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L

Figure 26: Parked/standing vehicles on road side

As can be seen from the pictureshe road side paved shoulder width (1.5 m) is insufficient for
parking heavy vehicles (like trucks). When trucks are parked on these shoulders, part of the
truck width is on the main carriageway and obstructs traffic. This condition leads to frontear
collisions, especially when the vehicle in the rear does not realize that the hiele in front is
parked/standing on the roadside.

Identification of contributing infrastructure factor
Based on the above it can be seen that narrow paved shoulders (1.5 m width) influence front
rear collisions due to parked/standing vehicles.

Vehiclesslowing down

During the study period there was only one font-rear collision examined. In this accident, a
driver of a truck entered the highway from the driveway of Welspun Company. After joining the
highway, the truck was rearended byanother truck travelling at a higher speed. This problem
was caused due to the truck joining the main highwawt a lower speed compared to other
vehicles travelling on the highway
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Figure 27: The truck that rear ended another truck (frontrear collision) examined by JPRI.

The figure 27 also shows a truck (loaded with pipes), highlighted in yellow, entering fronthe
samedriveway from which the truck that was rear ended entered on SH6.

Identification of contributing infrastructure factor
The following infrastructure factors can be seen to be influencing these accidents:

1. Non-availability of merging/entry/exit lanes for vehicles turning in/off the highway and
at gapsin-medians (Uturns).

Figure 28: Google Earth image of accident scene for frergar collision. Note tha vehicles
entering the highway have no specific entry lane for merging into highway traffic.

2. Narrow paved shoulders (1.5 m width) can also create this problem due to vehicles
slowing down on seeing parked vehicles in front.

Pedestrian Impacts

As per police data, pedestrian impacts account for 26% of accidents on SH6 and 28% of killed
/severely injured accidents. It has already been identified using police data that the major
problems leading to these accidents are:

1. Pedestriansvalking alongsidethe road.
2. Pedestriangrossing the road.
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Pedestrians walking alongside the road

Figure 29: Scene of a pedestrian impact examined by JPRI

In this pedestrian impact case examined by JPRI, two pedestrians were walking along the
roadside at night. Theywere hit from behind by a truck and both of them were fatal on the spot.
This wasa hit and run case

Pedestrians crossing the road

1o T ATUuU T £ OEA PAAAOOOEAT EIi PAAOO xAOA AO EOI
language), these junctions could be modified to accommodate better pedestrian separation
facilities and slow down traffic in these areas.

Proper pedestrian fecilities were not seen at various junctions, crossing, bus stands and
driveways due to which the pedestrians were seen walking on the roadwagnd sharing the
same space as motorists This resulted in vehcles impacting the pedestrians. ietures
illustratin g the major pedestrian precrash event- pedestrian walking/standing alongside the
road are shown below

Figure 30: Pedestrians standing alongside the road at Navetha Junctiaaiting for a bus

Identification of contributing infrastructure factors
The following infrastructure factors can be seen to be influencing these accidents:

1. Non-availability of proper pedestrian infrastructure like footpaths.

2. Lack of pedestrian separation facilities at bus stops, intersections, villages, etc.

3. Absence of zebra mssing/pedestrian crossing warning signs and lighting at
intersections.

4. Lack of peed reduction devices at high pedestrian density areas such as bus stops,
intersections, company driveways, etc.
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Head-On Collisions

As per police data, heagbn collisions account for 13% of accidents on SH6 and 10% of killed
/severely injured accidents. It has already been analysed that vehicles travelling in wrong
direction (usually trucks) account for 68% of headon collisions. Vehicles losing control and
crossing the medan, leading to headon collisions with oncoming vehicles was a second cause.
No headon collisions were reported during the study period.It has already been identified
using police data that the major problems leading to these accidents are:

1. Vehicles (usually trucks) travelling in the wrong direction.
2. Vehicles losing control and crossing the median.

Vehicles travelling in the wrong direction

As per the police data, majority of heaan collisions were reported due to vehicleghat were
travelling in wrong direction (68%). JPRI researchers observed thatehicles travel in opposite
direction to access a driveway or junction quicker in comparison to going in the correct
direction and taking a Uturn which would mean travelling a longer distance ad spending more
time/fuel. Figure 31 illustrate s this major problem fa head-on collisions.

Figure 31: Travelling in wrong direction

Identification of contributing infrastructure factor
The main infrastructure factor seen to be influencing these accidents are improper location of
gapsin-median in relation to driveways and joining roads.

Vehicles losing control

Police data did not have sufficient information to understand the reasons for these accidents.
JPRI researchers dighot come across any such case during the study period. Hence, this issue,
although less significant in comparison to other crash types, still needs to be investigated in
detail.

Identification of contributing infrastructure factor

The main infrastructure factor influencing these accidents could not be properly determined
due to insufficient data as mentioned above. Crash barriers, at the sites where loss of control
problems occur, could be a solution for preventing vehicles from jumping into the oncoming
lanes and causing headn collisions.

Rollovers

As per police data, rollover accidents account for 8% of accidents on SH6 and 7% of killed
/severely injured accidents. The reasons for these accidents could not be determined from
police data. However, dur rollover accidents were examinedduring the study period. Of the 4
cases, 2 rollover accidents involved vehicles falling over on to the road side due to road
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constructions which created a large difference in height of the road and the road side area. One
rollover occurred when a truck tried to avoid a heaebn collision with another oncoming truck
travelling in the wrong direction. Reasons for the fourth rollover could not be ascertained as the
accident could not be examined in detail due to late notificatim Qut of the 4 rollovers, only one

is reported to the police. his indicates that rollover accidents resulting inminor or no injuries
are underreported in police data.

The major problemsidentified using JPRI crash investigatiordata, leading to these accidents
are:

1. Vehiclegolled off the road edge due to road under construction.
2. Vehicles (usually trucks) travelling in the wrong direction.

Vehicle rolled off the road edge

The SH6stretch was under constructionfor converting the 4-lane road into 6lane road. It was
noticed that at most places, e edge of the roachad been dugup (as shown in Figure32 below)
without any kind of a warning sign or a delineatorto warn motorists of the sudden change in
height of the road and the rod side area This caused vehicles travelling on the edge of the road
to fall over into the ditch when they manoeuvred towards the road edge

Figure 32: The road edge was dugp without any barrier or delineator for warning drivers

Identification of contributing infrastructure factor

The main infrastructure factor seen to be influencing theseollovers are road constructions
where road side areas are dug up. This problem can be reduced through use of proper signage
and delineationduring road construction work.

Rollovers due to avoiding vehiclesravelling in the wrong direction

Roadside topography wasof a downhill grade rear a few places on the stretch as shown in
Figure 33. Vehicles sometimes went to the edge of the road whiteying to avoid any oncoming
vehicle.Subsequentlythe vehicles would rollover into the ditch.
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