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ABSTRACT

Prelude: Road traffic accidents (RTAs) cause injuries, disabilities, and fatalities and are the major
health issues globally in developing countries and also in India. The 29km stretch of NH-55(old NH-
42) between Tata steel LTD, Meramundali to Angul has turned into a death trap for the 29km
stretch is alarming and highly prone to RTAs after the development of many large-scale industries
and townships, which needs planning and formulations.

Objective: To address the death trap in the Angul sector in NH-55, RTAs are collected and
alternate commuting for the pedestrians, two or more wheeled motorized/manual vehicles for road
use has been suggested. The present traffic problems faced include heavy traffic, deteriorated
roads, blocking of foresight, traffic jams, RTA’s, pollution, etc.

Methods: Present research aims at forming a database for road conditions, vulnerable places,
RTAs frequency, and severity data collected from authentic sources from time to time. Analysis of
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the data is done regarding accident frequency and severity index. A thorough study of causes and
types of accidents has been discussed with RTAs addressable.

Conclusions: Frequent RTAs, road traffic injuries (RTIs), are found due to excessive use of mobile
phones, busy traffic and fatigue crews, unconscious pedestrians, reckless two-wheelers drivers,
and distracted driving of loaded trucks are found to be the major reasons for road crashes in the
area. Improvised driver conduct, use of eye tracker, community education, traffic control
enforcement, or bypass can address the trend in the frequency of RTAs and RTIs in NH-55. The
immediate action plan is the construction of four black spots, overbridges, and vehicle under pass to
complete the under-construction activities to follow the vision zero of SDG 9 and SDG 11.

Keywords: Angul; NH-55; road safety audit; road traffic accidents.

ABBREVIATIONS

RTAs : Road Traffic accidents

RTIs : Road traffic injuries

RTDs : Road traffic deaths

CAGR : Compound Annual Growth Rate

ADT : Average Daily Traffic

AADT : Annual Average Daily Traffic

BAC MORTH :Ministry of Road Transport and
Highways

PCU :Passenger Car Unit;

NHAI :National Highway Authority of
India

RTA : Road traffic accidents

ITS . Intelligent Traffic System

GOl :Government of India

MORTH :Ministry of Road Transport and
Highways

NRSP :National Road Safety Policy

SSD :Short sight distance

MVKY :Million Vehicle-Kilometre-Years

DL :Driving Licence

CCTNS :Crime and Criminal Tracking
Network and Systems

ERSS :Emergency Response Support
System

VLT :Vehicle Location Tracker

IRAD :Integrated Road Accident
Database

OPTICS :Odisha  Public Transport &
Integrated Commuter System

IPC : Indian Penal Code

SDGs : Sustainable development goals

1. INTRODUCTION

The road system in India has developed based
on industrial growth, population rise, and urban
agglomeration. Roads such as National
Highways (NH), State highways (SH), and other
district roads (ODRs) are insufficient to
accommodate the rising traffic. Severe road
traffic accidents (RTAs) are in increasing order
due to the surge in vehicles on road and causing
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fatalities/traumas daily. RTAs, Climate Change
(CC), and environmental deterioration are
inviting Health care issues like deaths,
disablement, mental agony, property, and social
suffering, etc.

The onset of the Anthropocene epoch replaced
11800 years old Holocene from 1950 onwards.
The chronology and stratigraphy in geologic time
scale have introduced global environmental
changes (GECs) resulting from solely human
activities [1-3]. The 2030 sustainable goal
Agenda-15, the sustainable affordable transport
structures reasonably placed. They are
reasonably  priced, reliable, sustainable,
innovative energy services, quality pavements,
resilient transport infrastructure, and other
national policies that can build concrete
economic pavement for all nations [4]. As per
Paris, 2016, the Sustainable development goals
(SDGs 9 &11), are the transport infrastructure
built with limited environmental expenditure,
clean energy consumption, green transport, etc.
[5-8].

NH-55 (old NH-42) connects Cuttack (East
Odisha) to (west Odisha) Sambalpur which
caters to transportation needs passing through
districts Dhenkanal, and Angul. The study was
on road NH-55 from Angul (Tata Steel) to
Panchamahala of Angul town with an expanse of
Km 150/0 to Km179/0 in Odisha state. The NH-
55 encompasses the coal-based power plants
(CPPS), aluminum (NALCO), and steel
industries. The stretch commute to several large-
scale industries like NALCO, TATA steel, Jindal
steel, GMR, Essar steel, Adani Power, Monnet,
and several small-scale industries and coal
mines, etc. at Talcher and Angul. There were
258 deaths in 496 RTAs with 227 severely
traumatized in 2018. In 2019, RTDs 222 in
423RTAs sustained severe injuries to 219
persons where the numbers were two figures
from 2002-2010, (Kalinga TV, 29" Oct 2020). In
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India, the RTAs and RTDs during 2019 were
151113 (10% more than global statistics) and
severely injured 451361 persons. The death toll
was 131714 in 2020 (12.8% less) but RTIs were
348279 (22.8% less) in 2019, (Sikdar et al 2022,
Naqgvi et al 2022). So it is effective to conduct
RSA, record the number of RTAs, RTDs, and
RTlIs in that stretch, and study black spots. It is
high time to plan, design, and implement
curative measures.

2. REVIEW OF LITERATURE

Road safety audit (RSA) is the technique
adopted to recognize and adopt the road safety
engineering tools to maintain safety and security
which starts from planning, design, construction,
and maintenance, [9-15]. The RSA and traffic
improvement should stress the valuation that
involves the placing of equal emphasis on all
road users and stakeholders, [16]. About 3000
people lose their right to live each day due to
traffic accidents, [17,18]. RTAs have turned out
as anthropogenic catastrophe that has been
caused on a worldwide scale as a silent
disaster against life risks and pays a cost
of 3% of GDP, [19,20]. The unfortunate
distinction of having the most road accident
fatalities worldwide has been attained by
India. Around the world, especially in India,
road safety is becoming a key social concern
[21,22].

Road traffic accidents are a major health concern
and have turned out anthropogenic reported by
WHO in 2009 (the global status report). In time,
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steady financing, better roads, and enhancing
public awareness are urgent to reduce RTA by
identifying vulnerable vehicles, unworthy drivers,
and inattentive peddlers by training about road
safety rules that can ameliorate RTAs [23,24].
Research reveals that the perception hazards,
vulnerable groups, young, careless, and
inexperienced drivers cause more accidents,
[25,26]. They have prototype patterns of injuries,
[27]. The legal low drinking age and blood
alcohol concentration (BAC) of drivers are
susceptible to deaths and particularly at night.
Alcohol, intoxication, and illegal narcotics cause
fatalities and injuries in automobile accidents
[28-32].

The impact of climate change, topography, air
pollution, and extreme weather have increased
the RTAs and RTIs. There was a decrease in
GH gas emissions, and economic activities. The
RTAs have varied during pre-restrictions,
confinements, and post-restrictions in the
pandemic period but accident severity was high
causing less difference in fatalities, [33,34,
23,35].

State-wise, nationwide and globally there were
studies on RTAs and a general perception has
been reported in the literature. General
conceptual policies are prescribed to follow and
many guiding factors to follow. But individual
Road safety audits (RSA) are scanty in the
available literature. The present study is to
conduct the RSA for accident-prone areas over
NH-55 connecting dense industrial areas of
Odisha from CPP Bhanarpal to Angul.
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Fig. 1. The NH-55 (Cuttack —Angul — Sambalpur) (source: CE: NH; Odisha)
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2.1 Global Road accident statistics

Globally 1.35millions of passengers (one death
every 2.75 minutes) are facing death and 20-50
million die 24 seconds gap on roads as per the
report of the World Health Organisation (WHO)
in 2018 [36]. About 60 billion people died in road
accidents from 1870 till date and this has
become the maximum from 1980 onwards i.e.
from the golden spike period of the
Anthropocene [37]. Among RTAs about 23% of
mortalities are occurring among pedestrians,
28% are motorcyclists, and 3% are cyclists.
Demographically, the first cause of death is
reported among children of 5-1l4years, and
juvenile adults between 15 - 29 years. RTAs' are
death ranked 8" and are among the prominent
causes of fatalities. Globally fewer RTAs but

more deaths occur in low-income countries
having 1% of total vehicles and 13% of
fatalities) whereas 40% of accidents occur
causing 7% of all deaths in high-income
countries with all Health care facilities, [38,
39,67].

2.2 Road Accident Statistics, India

It was due to stagnancy in road activities during
the Pandemic. The statistics of RTAs both NH
(132500km) and SH/others (186528km), totally
killed 61.63% and injured 56.85% out of the total
accidents 116496 and 90755 accidents in India.
The worst sufferers are the two-wheelers and
pedestrians [39,40,15]. The RTA statistics are as
in (Table 1).

Table 1. RTAs in India (2011-2021) (source: Road statistics of India (2021)

Number of Road Accidents and Number of Persons Involved: 2012-2021

Year Total no of accidents Number of persons Accident severity
Total Fatal Killed Injured
2012 407498 73656 84678 408,717 20.9
2013 406726 73,585 85998 435,127 21.0
2014 4,29,914 79,354 92,619 464,581 21.3
2015 4,39,258 83,493 94,965 465,252 21.8
2016 4,60,924 93,913 105,746 496,461 22.3
2017 4,79,215 1,01,141 114,448 513,330 23.2
2018 4,84,709 1,06,531 119,868 523,133 24.5
2019 4,86,382 1,10,973 125,667 515,488 25.2
2020 4,99,629 1,19,538 134,518 527,502 26.7
2021 4,97,6860 1,21,678 1,42,489 5,11,364 28.7
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Fig. 2. Industries/towns making RTAs in 29km of NH-55 from TPP to Angul
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On analyzing the road accidents in India, the
grounds of clash that are attributable due to
Driver's error: 77.5%, Road condition issues:
1.5%, 1.6% of motor vehicle defects, Bicyclist
error:  1.3%, Pedestrian error: 2.4% and
Environmental related: 14.8% for all other
causes. India in the global context is mostly
accident-prone and warrants awareness among
road users to avert accidents as per MoRTH -
2022. The severity of accidents has increased
from 33,7 to 36 between 2019 and 2020
respectively, [15].

2.3 Industrial Cluster and Commuter NH-
55

The cause of RTAs are due to deteriorated road
condition that culminates in extra fuel
consumption, takes more travel times, vehicle
damages, overall financial loss to small roadside
vendors, and indirect project-cost overrun. NH-
55 connects the major industries around Angul
and it commutes between Cuttack, Sambalpur,
Keonjhar, Rourkela, and Hydro Electric Project
at Rengali (Table 2 and Fig. 2).

Table 2. The industries commuting the NH-55 connecting Angul-Meramundali

Large scaled industries Place Production Connected Finally
commuted

Mahanadi Coal Field Ltd. Talcher Coal NH 149 NH-55 or

(MCL) NH-53

National Aluminium Company Nalco Nagar, Aluminium NH-55 NH-55

(NALCO) Angul

National Thermal Power Kaniha Thermal Power  NH-55 NH-55

Corp. (NTPC)

Talcher Thermal Power Talcher Thermal Power  NH-55 NH-55

Station (TTPS) Thermal

Heavy Water Project Vikrampur, Heavy Water NH-149 NH-55
Talcher

Shree Metalics Ltd Makundapur Sponge Iron NH-63 NH-55

Jindal Steel & Power Ltd. Nisha, Angul Steel NH-63 NH-55

Jindal India Thermal Power Pathamunda, Thermal power  NH-63 NH-55

Ltd. Kaniha,Angul

Tata Steel Power plant Meramundali CPP NH-55 NH-55

Tata Steel BSL LTD Meramundali CPP NH-655 NH-55

Tata TISCON Panchmahala distributor NH-55 NH-55

o

AL

'b) The road accidents botw..nn-g-l.:l“:afﬁa Meramunduli on NH-55

2

480~

A~ ;ﬂrmneyan‘;—"' :‘;.Udlﬂ'

Fig. 3. The road and traffic conditions and TRAs between Angul and Meramundali
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2.4 Road Selected for Study

This study was conducted on the two-lane
highways that run along NH-55 from Angul to
Bhushan Steel. The stretches below were
chosen for data collection. The study area is
depicted (Fig. 2). The road CH150/0Km to 179/0
Km is passing through many large-scale
industrial complexes from Meramundali (Tata
steel BSP) near the captive power plant (CPP) at
Kulad, Jindal steels, Coal mines, and Nalco near
Angul city due to bad road condition from
Meramundali to Rairakhol. About 15 accidents
occurred in August 2022 (The New Indian
Expresses 5" Aug 2022.

2.5 Objectives of Study

The deaths and injuries on the road in India both
scaled up by 5.8% and 2.4%, respectively. Less
research has been done to examine accidents
on various roads. A present search has been
taken over one of the busiest roads (NH 55) of
the industrially developing areas in Odisha: To
survey the pulsating accidental rate, deaths, and
injuries on a particular stretch of road on an
annual, monthly, daily, and hourly basis.

1) To investigate the transport parameters such
as traffic volume, density, and capacity
effect, the frequency of accidents over NH-
55 urban two-lane roads.

2) To investigate the impact of accident rates
on maintaining the roads and shoulders.
Identification of black spots within the stretch
and Accident investigation

To form a road state, AADT, and roadside
feature-based accident prediction mode

SDG -9 and SDG -11 correlated with
transport infrastructure and road safety with

the proposed road under study

3)
4)

5)

3. METHODOLOGY

The present article investigates the RTAs and
RTIs on a 24-hour busy National Highway (NH -
55). The road connects several large industries
and Captive Power Plants (CPPs) that have
been taken up after independence and mainly
from 1985 onwards. The accident data is
collected from various print media, electronic
databases, websites, various literature [11], and
Police stations under area-wise jurisdiction.
Analysis of the data is done regarding accident
frequency and severity index. The methodology
applied is in (Fig. 4).

The number of RTAs in an area is reported to the
police station or NH or state authorities but less
than the actual of minor injuries. Vehicles that
have been reported to the F.I.R. are being
involved in accidents. They are Tempo, cars,
mini-truck, mini-busses, tankers, and motorbikes;
Tata-407, trucks, and buses are among the
several types of vehicles.

Road safety analysis over NH-55
Meramundali to Angul
- * * '
Causes of accidents over NH (Motorised)
' ' ' N
Road traffic accidents over the stretch NH-55
L. ”
- * ' n
Few RTA case studies and analysis
Yy
' N
Accident cases and blackspot identification
L. >,
- * ' ™)
Various Real time data Analysis
vV ‘
Action plan and Suggestions

Fig. 4. RSA in NH-55 (Meramundali to Angul)
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3.1 Road Safety (NH)

Considering road safety in NH establishments in
India are NHs in India is 132500km (March -
2020) which comprises 2% of the entire road
length of 6.22million Km as per MoRTH -2022
carries =40% of total motor ftraffic [41]. With
much stress on national highway development,
only India could convert less than 23% of its
NHs to four-lane and above (MRTH 2017-18). In
2020, the recorded deaths in India were 47384
people (36% of total accidental deaths), and
lowers 0.77% of the GDP of India. Socio-
economic road traffic security raises plans and
policies for dropping the chance of road
accidents, deaths, and injuries. A selection of
routes and designs can keep road user safety
and provide a sustainable secured road
environment to down surge the RTIs and RTDs.

Various Causes of Accidents: Three major
causes that contribute to road accidents are (i)

Vehicle; (ii) Environment; (iii) Driver etc. and
failures are in Table 3.

Regulating the blood alcohol content (BAC)
legal limit is 0.03% or 0.03 mg alcohol in 100 ml
blood in India. It is 0.08g, to Brazil drivers in
2020-2022, driver behaviour decreased by 45%
and 14% decrease in traffic deaths on-road,
[42].

Road

3.2 Positioning and losses in

Accidents

The accident has both immediate and long-term
costs. Details of types of accidents and the
relative positioning of the two vehicles that
affects man and money. The various type of
collapse of vehicles causing RTAs, their
positioning and its chances of incidences as
depicted in Fig. 5 can be classified in Table 4.

Table 3. Various factors responsible to road traffic accidents (RTAs) in India

Attribute

The Causes of accidents

Failures

Driver-related,;
Traumatic fatality

Drink & drugs (BAC<0.4%), age, gender,
persona, origin, education

With high refractive error

risky speed

Drowsing or Fatigue

Tiredness

Ignore traffic regulations

lliness, no helmet, falls, [21]

Lacks distance estimation
Use of Cell Phones

Way to distract

improper turning/ passing
Absence of Restrictions

Road related

Poor design, scarce light, many lanes,
inapt curves, less SSD, more humps

Skidding, capsizing, slips,
system failure, less life,
ongoing road structures

Vehicle-related

excess loading
brake problem
slight flaw

steering mistake
Tire blowout
wheel alignment issue

Nature &
meteorology related

Extreme weather, floods, fog, snow,
avalanche, fire, storms, high waves,
landslides, etc.

Road damage, traffic
fatalities, and Injuries

Environment based
related

roadside danger

Potholes

Garbage or debris on the road

fog or smoke

Stare back

incorrect or ineffective traffic signals

impediment to vision

bad traffic management
Roadside Risk

Fixed ltems

Ponding water
shoulders are damaged

Enforcement,
overriding traffic
laws

Violation of traffic rule signs and signals,
petrol stations, positioned advertisements,
animal pass, humps, speed breakers

Loss of life, injury, vehicle
damage, etc. Chandraratna et
al.,, (2020)

Anthropogenic

Intentional, Ardent, Invalid DL, not using
safety devices, Tripple riding, Distracted
driving, Road rage, wrong parking, not
using pedestrian tracks.

RTAs, RTDs, and RTls along
with tangential loss, distract
nations' CAGR & GDP

Logistics

Male and female drivers and road users

Speeding, non-speeding, and
carelessness

20
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Table 4. Types of accident, position of vehicles, and consequences

Sl. No Type of accidents Position of vehicles
1 Go forit Vehicles from the opposite direction
2 Back end Vehicle in the same direction
3 Turning and angling Vehicle from adjacent direction Intersection)
4 Leaving or Reversing Overtaking
5 Turn around On path
6 Operated Off path
7 Moped bicycle On curve turning
8 Fixed Items (Trees and Poles) Off path curve
9 Road user
10 Mammal
Consequences
1 Real Estate Loss Deformity (Head injury, no skin fracture)
2 Detect Death Shatter
3 consciousness loss Going to freeze
4 Mutilation (Loss of body part) Trauma
5 Neck/head injury Accidental laceration (Injury involving cut)
6 Rubbing Speech, hearing, or vision impairment

Increase the risk of injury Chest discomfort and breathing difficulty

3.3 Accident Theory

The impact RTAs in collinear and angular
collisions is the main cause of road accidents.
Also, collisions can be classified as (i) collision at
the back and head-on direct collision which can
be explained under two theories. They are (i) the
Theory of Poisson Impact and (ii) the Theory of
energy.

3.4 Haddon’s Matrix

The Haddon matrix, (1970), depicts the causative
factors linked to people, vectors (or agents), and
environmental characteristics before, during, and
after RTAs. The Haddon matrix model can
determine the relative implication of several
elements and emerging treatments, (Table 5).

3.5 Perception that Distracts

Using a video-based danger perception test, [44]
found that male beginner drivers had
comparatively slower reaction times and higher
initial risks. Relative risk is calculated as follows:
(Risk related to BAC) x (Risk related to age) x
(Risk associated with a passenger).

3.6 Loose Balance after Two Pegs

Presently Psychoactive Substances like drugs,
narcotics, cannabis, and alcohol consumption is
rampant among drivers in Odisha when on a long
drive and away from family. Intermittent medical
tests are needed and huge legal penalties are
required even cancellation of their licenses
[45-47].

r T

One direction Front to front

In T-inte on

T 1 =

ﬁlung intersection

_!h =

‘l"

During Turning

Fig. 5. Types of Accidents, Position of Vehicles indicating causes of accidents
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Table 5. A typical haddon matrix causative factors linked to RTAs (Wiki [43])

Phase Human Factors Vehicles and equipment Environmental factors
factors
Well Knowledge, Skills Road dullness, Light Planning and design of
before Depreciation putting Lowering Speed Control roads limiting speed,
(Pre) into practice by Police Pedestrian zebra cross.
Collapse Impaired by the use of  securing the occupant Roadside artifacts that
(during) restraints other security measures can prevent collisions
a crash-safe design
Well after First-aid training Simple access Rescue services Traffic
(Post) getting to doctors Fire danger

3.7 Speed Thrills that Kill

RTAs are the consequences of the surged
driving speed, rashness, and attitude of the pilot
of the vehicle. RTAs can be lowered if the skill of
the driver is raised by proper training and
intermittent check in the name of renewal of
licenses. Lee’s real-time crash prediction model
imposes variable speed restrictions that reduce
the chance of a crash. Improper street
illumination, obstructed sight, and extreme
weather can prevent a vehicle from RTA, [48-50].

3.8 Mobiles the Door to RTAs

Drivers and road users have been fascinated
with music and mobile talk by using headphones
while driving. The distraction from driving and not
being attentive to the horn and call from behind
most invite RTASs.

3.9 Fatigue Sleep, the Heavens Pathway

Driver's nativity, records, time of journey,
continuous  drive, location, speed and
mechanism of the collision, and physical health
are various states that invite fatigue and later
sleep of the driver and its crews. Pilot gets tired if
overeaten, on lengthy trips, and on night journey
is prone to accidents and injury severity is high
(about 20-40% of severe accidents in the area),
[51,38].

3.10 Mobile Calls may be the Last Call

The use of a held phone or hearing buds during
driving has tainted the driving enactment.
Though mobile phone with web-GIS application
has fetched expediency in transport activities,
long or inappropriate use of mobiles increases
the risk of accidents, [52,53].

3.11 Road Safety Rules, Best Tools

To save road users from RTA, it is essential to
use Helmets, seatbelts, and road safety

22

accessories fitted in the vehicle or to be put on
by the road user. Seatbelt lessens injury severity
and saves lives during an accident. Head injuries
are not as much of severe on wearing an ISI-
branded helmet, in RTAs, where skull injuries are
high for bicycle users [54,55].

3.12Electric Vehicles Time/Cost Saver
and Comfort Donor

Motorized vehicles and particularly electric one is
fast, saving, comfortable, flexible, and pocket
friendly for both passengers and goods transport
from a safety and reliability point of view. But
these vehicles have disadvantages of the RTA,
RTDs, RTIs, environmental deterioration, and
economic loss on collision. This can be the result
of poor wheel alignment, burst tires, failed
brakes, overloading, one or more headlight,
backlight, indication, or steering defects, [56,57].

3.13 Tyre Defect

Tire defects may result from external impact from
potholes, debris, nails, etc., under- or over-
inflation, and age-related behaviour. All tires,
including spare tyres, should be replaced after
six years from the date of manufacture, [58,59].

3.14 Breaks; the Bad Boy as Mechanical
Failure

The significant mechanical failures observed in
motorized vehicles on road are the headlight
adjustments (horizontal and vertical), and braking
failure. Even mechanical failure causing
accidents are undulated roads, the burst of tyres,
and defective and not attended mechanical
parts of the vehicle. It causes accidents, and
significant intangible costs, that gives pain,
grief, and suffering. Especially break failures
consequences in accidents for overloaded
Vehicles, uneven tyre pressure, incorrect brake
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adjustment, and air or slips in the brake
assembly. Broken pipes, low brake fluid levels,
shattered brake drums, and hot brakes are all
causes of brake failure [60,61].

3.15 The Old Vehicles Carrying Overloads

Accidents can be allied to overloading and the
age of the vehicles. Timeworn vehicles are
inclined to failure and are more disposed to
collapses and want of safety. The old Truck's
overloading hinders the vehicle's bulk to brake,
stability, and overcoming unexpected road flaws
and damages and even cause accidents.
Overloaded heavy truck fatal collisions rise by
52%, [34,62,63].

3.16 Road Building Architecture

One of the most important elements that
influence, how people drive and perceive safety
is the architecture of the roads. The driving
metrics for road safety are speed and lane
positioning. The combined effects of pavement
design elements shoulder width, guardrail, and
roadway geometry (curvature), are causes for
RTAs [64]. The association between lane or
shoulder widening and accident reduction rate for
a 1.2m width increase might reduce accidents by
21% [65,66]. The highway shoulder determines
the association between shoulder-related
crashes by type and severity category, data were
studied [68]. Relationships between pavement
enlargement and accidents are common [67].
Surface discontinuity is associated with RTAs.
The association between accident data and
surface discontinuities reveals that high broken
patches, and potholes of roads, followed by

bumps and dips, followed by rocks, ruts,

potholes, and tracks, [69,70].

3.17 Road Side Geographies and
Topographies

The RTA frequencies against the roadside

features and accident severity have been in
active research. The cut side slopes are evaded
if the space from the exterior shoulder edge to
the guard rail is reduced, the isolated trees on
the roadside and the distance between the light
posts are decreased. Roadside features include
the guardrails, buildings, cut edges, sign signal
supports, vegetation, and utility poles that
decrease the RTAs, [71].

3.18 RTA Savers the Signs and Signals

The split
pedestrian

connection,
pedestrian

phase,
zebra

timing,
Cross,

signal
and
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allowance are signal-related. The road needs
smooth traffic flow, calming solutions, and zero
accidents. They have a positive impact on safety.
Visible crosswalks, curves, traffic speed
restricted zones, posted/digital speed recorders,
mandatory roadside, cautionary traffic, signs, and
signals on Indian Road draw the driver's
cognitive responsiveness, but in real time they
have less impact [72].

3.19 Fog, Dust and Smoke linked RTAs

Insufficient street illumination (mainly at night),
increases the chances of fog, Smog, smoke, and
dust-related RTAs that are at times severe. The
danger and its severity surge in head-on
collisions and rear-end collisions. High speed,
roads without separators, undivided roads, roads
without Kerbs/ sidewalks, and SH or ODR roads
are more likely increases the frequency and
severity, [73]. The mandatory roadside,
cautionary traffic, and signs and signals on
Indian Road is provided in the IRC-067, modified
and issued by MoRTH, GOI cautionary traffic
signs and Symbols, (Fig. 6).

3.20 Traffic Volume

Significantly RTAs, RTDs, and trauma patients
are observed during the emergence period of
Covid-19 than the pre and post emergencies.
The even and unvarying traffic stream fallouts
lower RTAs. The RTAs of heavy carrier
accidents involving large carrier lorries
decreased, and those involving cars remained
constant. The road geometry, volume, and
variation of speed, high traffic volume at night,
endanger the traffic and road users’ safety. The
RTAs are proportional to Annual Average Daily
Traffic (AADT), the radius of curvature, road
cross-section, road condition, and design hourly
volume (DHV), [74,75].

3.21 The Data Collection

Accident data were gathered year-by-year from
each police station's records, then sorted out
month-by-month. Stretch-wise average annual
variation in accidents 2012-2021. The Police
Stations (under whose jurisdiction the Road
section) from KM150/0 to Km 179/0 on NH-55
are mentioned. The NH from Angul passes
through major industrial areas like Nalco, CPP’s,
TATA steel, JSPLA to Meramandali via Banarpal
for the period 2013 to 2020 [76,11]. The
database formed is in (Table 6)
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Fig. 6. NH road traffic signs as per MoRTH, 2022 Government of India; GOI
(https://applyonlinefordrivinglicense.com/traffic-signs-in-india/)

The RTAs data for the period from 2002 to 2011
were considered for analysis (Dehury et al, 2013)
and it was observed that there was less
difference in the number of accidents, and RTIs
in the road stretch considered. The maximum
number of deaths during this period was 21
persons through 105RTAs.

From the analysis of the accident data the
numbers of RTAs with higher severity from the
Angul township side followed by Meramundali i.e.
Tata steel (plant) side. Major injuries in the
stretch of 29km are 52.33%. The black spots
need to be identified. Data collected from the
GOQO that the Carriageway width in Mount is 7m;
the mount formation width is 12m and the CS
width is 45m. In addition to the aforementioned,
PWD records were used to acquire data on traffic
volume, which are displayed in the data.

3.22 Annual Variation in Accidents

Accident rates are seen to be rising generally
throughout most of the year. The accident rate
fluctuated between high and low in the year
2020. It might be caused by a rise in the number
of cars on the road, terrible traffic conditions,
population growth, and under the pandemic
situation. From the 29km stretch, the accidents
are high in the peripheries of Angul Township
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and the TATA steel side. The increased number
of commercial and private cars and the
congested traffic conditions are to blame for the
higher accident rate. March, April, and May are
the summer months when accidents are at their
highest rate. This is a result of environmental
distraction. The issues throughout these months
are glare, weariness, and uncomfortable heat. It
is observed the frequency of accidents occurs
more between 8 and 9 p.m. when line trucks start
their long journey (Table 7).

3.23 The trend of Collisions, Deaths, and
INJURIES in 2020-2022

The statistic reveals the accident rate per Million
Vehicle-Kilometer-Years (MVKY) is surging year
to year.

The study of sight indicates that inadequate
shoulder size and non-maintenance, roadside
electric poles, transformer stations placed
near/on the shoulder, old trees with large girth on
road banks, obstruction due to sight distance,
poor signs and digital signals at intersections,
dense parking of vehicles on the roadside
(particularly at Dhaba/motel entries), and lag
general cognizance endangers the road safety
that causes RTAs, (Fig. 7).



Dash et al.; Curr. J. Appl. Sci. Technol., vol. 41, no. 47, pp. 14-33, 2022; Article no.CJAST.94812

3.24 Black Spot Analysis

As per MoRTH list-1;(2015), there were 789
Blackspots in NH of length 1,01,011km, and
MoRTH List-2 (2019): 8014 Blackspots within NH
of length 132499K m, [9,10]. As per GOI No RW-
NH-29011/0/2019-S&R(P&B) MoORTH  (S&R
(P&B: Section), a Black Spot is one “Within a 500

m in length stretch of NH either 5 RTAs (in all the
three years put together involving [fatalities;
grievous injuries) took place during the last 3
calendar years or 10 fatalities (in all three years
put together) took place during the last 3
calendar years. The RTAs data have been
collected, a field study has been done and the
Black spot is prioritized (Table 8).

Table 6. Displays accident information from 2012 to 2021 from Angul to TISCO in persons

Year Fatal Major Minor Total RTDs in areas of accident gravity with
injury injuries RTAs remarks
Persons Persons Persons Numbers

2012 15 16 37 53 More RTAs from Kulad to Bhanarpal (9
persons); followed by Angul to NALCO (6
persons)

2013 11 35 50 85 Meramundali to CPP more RTAs (6persons)

2014 16 25 45 70 More RTAs Angul side last 5kms (11persons)

2015 20 32 39 71 More RTAs from Kulad to Bhanarpal (9
persons); followed by Angul to NALCO
(6persons)

2016 21 34 40 74 From Angul to NALCO (10pers); From
Meramundali to CPP Chhak (7persons)

2017 18 41 84 125 Meramundali to CPP Chhak (7pers) and from
Angul to NALCO (6persons)

2018 4 24 61 85 From Bhanarpal to NALCO areas (2persons)

2019 13 32 81 113 From Angul to NALCO (6persons)

2020 18 34 84 118 NALCO side (8persons) and Kulad side
(7persons)

2021 11 30 58 88 From Tata steel's end 5 persons

Total 147 303 579 882 From the Angul end 68persons dead and

Bhusan steel end 61persons

Table 7. The Accident case studies between the stretch of NH 45 (Tata steel to Angul)

# Accident Location Date & Vehicle-1 Vehicle -2 or Fatalities/Injurie
type time object S
RTA-1 Head -on  CPP gate MAR 30, Tata Truck Bajaj motor One dead, one
(NALCO) 2021 no OR-06/ cycle no OR- sternly injured
(4.30 PM) B-6545 05/U-3323
RTA-2 Roadside Near the 13th June Ashok Tree and Two major
tree (T- police 2021(1230 Leyland Bajaj Auto injured
Junc.) station PM) trailer
Angul
RTA-3 Tree & Smelter 12th Jun Tata truck Tree and Severely injured
compoun traffic post; 2021 wall one person
d wall Angul (6.10 PM)
RTA-4 Head on  Jharpada, 21st Mar Ambulance  Truck; (by India Today 4
Angul 2021 Md Suffian) killed, 3 critical
RTA-5 Back Hit Maratira 30th May Truck Auto 2 dead 2
Vil. Angul 2022 Rickshaw critically. injured
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Fig. 7. Some road accidents considered black spot area NH-55 (Angul -Meramundali)

Table 8. RTAs analysis and fixing the black spot amid TATA steel to Angul (1917-2021)

Proposed long-

term majors

Accident RTAs
points/priority all

Probable reasons

reasons Short-term
measures

T-junction;

Raj cinema hall/ 15no0s

Due to irregular traffic in

Enhancing shoulder/

Traffic/signal P-3 the Cinema Hall sight distance
visibility/signals

T-junction; Raj Hotel/P-3 16 No Signal, no mark on obstacle on shoulder

Traffic/signal Shoulder Trans-former  and sight visibility to
on the blind corner, road clear
parking

T-junction; Police training 20 No mark on paved Putting in Speed

Traffic/signal College/P-2 shoulder, roadside Breakers and Marking
parking

T-junction; Turanga/p-2 21 Street parking, country Speed limiters,

Traffic/signal Area, bad shoulder, awareness, and
Trees/ electric Poles on  removing obstacles
Shoulder

Overbridge; T- Kandasara 43 Village; School Area, Speed limits fixing &

junction; Ip-1 Shrubs/trees & Poles on  obstacles removal,

Traffic/signal Shoulders, Steep from the shoulder
Gradient

T-junction; Sahid petrol 15 Bad Shoulder, Front Shoulder repairs, the

Traffic/signal pump/ p-3 area of Petrol Pump shift of the pump- unit.

damaged

T-junction;
Traffic/signal

SBI Kandasar/p-2 20

Petrol Pump, Taxi
Stand. Trees and Poles
on The Shoulder

remove shoulder
blockage by vehicle
halt to be limited

T-junction;
Traffic/signal

Smelter Gate /p-3 15

Median without Sign on
the Road, Temple on
the Shoulder, Trees on
the Shoulder

Painting Medians &
obstacles on The Road
Should Be Removed
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Proposed long- Accident RTAs Probable reasons reasons Short-term
term majors points/priority all measures
T-junction; Bhanarpal Hat/ 15 Trees, Maintainance of the
Traffic/signal (p-3) Edge drop road and shoulders;
Over Bridge with  Bhanarpal 24 On-road Cars, Taxis, Need new bus stop,
a traffic signal Chawk/p-2 Bus Stops, small clear and maintain
vendors Shop, zigzag shoulder and junction
Shoulder perfections
Tata Steel side;  Santri 21 Dhabas, a car Off-Street Parking
VUP Chawk/ showroom, and shoulder Area, Shoulder
(p-2) ponding by a drain
Overbridge Nua Hata 44 Blockage from trees, the  Curves visibility
Tata steel end Dhaba, and shops on improves, & shoulders
(Priority-1) Shoulder, &Curve. fix speed limit and off-
street parking
Vehicle Under Joradia / (Priority 32 Shoulder diverts, trees upkeep shoulders,
Pass (VUP) -1) block the view at curves, visibility improve close

trees cover the
shoulder, and sight is

off-street parking near
curves

poor.

porvam

———

f‘x’svnn;’n 8
F' e, «

%

Fig. 8. The prioritized Black spot areas in NH-55 between Tata steel to Angul town

Many small and minor accidents are not reported
in general. Observing the accident frequency and
severity of RTAs only five stretches of NH
between Meramundali to Angul have been
considered priorities, (Fig. 8).

4. RESULTS AND DISCUSSION

Accidents are a burden on the national economy
and human health injuries, death, property,
social and psychological suffering, and overall
environmental deterioration. The multifaceted
road users in India, including low age group,
pedestrians, animal-driven carts, bicycles,
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rickshaws, hand carts, tractor trolleys, as well as
several types of two- and three-wheeled
vehicles, motor vehicles, buses, trucks, and
multi-axle commercial vehicles. The changes in
people's lifestyles, vehicle types, and human
attitudes have increased traffic turmoil during the
golden spike period of the Anthropocene [77].

A variety of elements interact to cause RTAs by
different types of road users, including
pedestrians, go-carts, bicycles, rickshaws,
tractor trolleys, as well as electric/motorized fuel-
driven two- and three-wheeled vehicles, motor
vehicles, buses, trucks, and multi-axle



Dash et al.; Curr. J. Appl. Sci. Technol., vol. 41, no. 47, pp. 14-33, 2022; Article no.CJAST.94812

commercial vehicles. Due to changes in people's
lifestyles, and attitudes, without a proper driving
Licence (DL), the number of vehicles has been
constantly raising the number of vehicles/volume
of traffic. The causes of accidents in the
Indian scenario, their ameliorative measures,
and actions against road safety have been
investigated presently. Some maodification on
the horizontal and vertical design of the
emerging edge has been innovated from the
Cuttack side.

The research on the road from Meramundali
(TATA Steel) to Angul is highly essential. The
various Real Time data needed are:

1. Vehicle Data Analysis

2. Type of vehicle information and target of
the journey using digital speed recorders

3. Cameras before all black spots to monitor
locations 24 hours

4, Plan and construct for all major vehicles
underpasses (VUPs) and flyovers.

5. Regular public awareness and driver
training programs for reducing RTAs

6. Construct more trauma aid centers to
provide all health care support after RTAs.

7. Enforcing integrated action plans like
imposing penalties (e-Challan, Vahan and
Sarathi 4.0) for data access along with
Crime & Criminal Tracking Network and
Systems (CCTNS) project, and Emergency
Response Support System (ERSS) based
on the severity of accident and irregularity.

8. Highway Patrol, Interceptors, IRAD, and
VLT for data access and transactions.

9. Automated Fine Calculation based on the
severity of and dis-tracking adhering to
guidelines of MV Act and its implications
with Traffic Rules.

10. Investigation of carriers carrying on the
road stretch with OPMS (Odisha Permit
Management system) and application for
recording their period and trip schedule.

11. Dashboard can be viewed from across any
office or establishment under the Static
timing analysis (STA).

12. Ensuring road safety
NH/SH.

13. Constant vigilance and e-challan is
warranted for the drivers and passengers
of vehicles violating the traffic rules and
non-use of seat belts and eye trackers.

throughout the

The future solution rest on stretches on the road,
places, video images, provable evidence, and
serving suitable challan to the offender and the
legal formalities, admissibility in courts with
prevailing legacy systems. The Government of
India (GOI) is deeply concerned about the
snowballing road accidents caused due to roads,
traffic, vehicles, and governance. Regardless of
jurisdiction, GOI and state exchequers have
combined obligations to lessen the safety index
value, and the number of road accidents,
injuries, and mortalities. The GOI has focussed
on road safety and traffic management. A draft
National Road Safety Policy (NRSP) was
prepared and accepted. The NRCP footprints
are framed by the Government of India (GOI) at
line levels to cut down the road safety activities
as under:-

Table 9. Road safety recommendations in promoting road safety

Road safety recommendations

Concerned activities

Ensure Safer Road (rural and urban)
Infrastructure, (Actions of the
Government)

Take measures: reviewing standards in road safety:
design of roads, actions for consonance with global best
practices under Indian traffic settings and Intelligent

Transport Systems (ITS)

Safe Vehicles (Action of the
Government)

Safety and efficient features are included during design
under the national framework.

Safe drivers (State Govt. Human
consciousness)
drivers

More verification during licensing and verifying skill and
hand-in-set training to develop the ability and fitness of

Enforcement of Safety Laws
(Government action)
laws.

Coordinate, reinforce, and develop the quality of execution
to warrant operative and uniform application of safety

Roadside trauma centers and Medical
Services to address Accidents

Victims of road accidents need medical help early;
adequately and effectively from trauma care centers

including rescuing and first aid

Institute Road Safety info Database
(Government actions)

Backing local bodies, UTs, and States to improve the
quality of crash investigation and data collection,
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Road safety recommendations

Concerned activities

transmission, and analysis. NRSI has to be instigated to
provide as per policy

HRD & Research for Road Safety

Research funding after priority areas conducting research,

diffusion of the findings through electronic media,
publication, training, conferences, and workshops by cloud
platform

Safety of susceptible road users

Road planners and engineers should design and construct

all roads to account for the needs of non-motorized
transport and the vulnerable and physically challenged in
an appropriate manner.

Reinforcing tool for active coordination
among patrons

Consolidating legal, financial, institutional, and
environmental for road safety, use of eye tracker

NRSP strategies enforcing

Redressal strategic plan and action on Road safety issues

by the provision of NRS funds.

5. CONCLUSIONS

The numbers of RTAs are more than other
categories of roads and the black spots are
increasing year to year. According to the present
research based on available on RTAs analysis,
drivers' errors are accountable for road accidents
on NH-55. The major accidents that have
occurred involved heavy vehicles, such as
trucks, and existing and under-construction
accident-prone areas Road users should be
made more conscious of road safety. From
Nuahat Tata steel to Nua-mouza (TISCON) most
of the accidents have occurred. By clearing the
sides of the road, maintaining the shoulders
properly, and improving junctions, and lighting,
the RTAs rate can be reduced. Humps should be
installed close to accident areas to lower the
speed limit. Over-bridges are constructed on
busy roads for not to be interrupted by road
crossing and vehicle under passes are under the
roads to cross the roads by traffic without any
hindrances. Three over bridges and two VUPs
(Vehicle under pass) can address the RTAs
prone area along with proper Photo voltaic digital
signalling and indicators necessary. Four
numbers of black spots need immediate
prioritization to minimize the RTAS.

To address SDG 9 and SDG 11, it is high time
for Vision Zero (VZ) that targets zero fatalities or
serious injuries from RTAs by increasing trauma
healthcare centers at regular intervals with full-
fledged staff, doctors, and ambulances.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

29

REFERENCES
1. Crutzen PJ. Geology of mankind: the
Anthropocene. Nature 415:23; 2002.

DOI:10.1038/415023a

Zalasiewicz J, Williams M, Waters CN.
Can an anthropocene Series be defined
and recognized? Geological Society
London Special Publications. 2014;395(1):
39-53.

DOI: 10.1144/SP395.16

Mishra SP. Defaunation during Great
Acceleration Period of Anthropocene
Epoch: India, World Applied Sciences
Journal. 2018;36(3):506-518

DOI: 10.5829/idosi.wasj. Jan-2018

Bilgili F, Magazzino C. Editorial: The nexus
between the transportation sector and
sustainable development goals:
Theoretical and practical implications
Front. Environ. Sci; 2022.
Available:https://doi.org/10.3389/fenvs.202
2.1055537

Hussain Z, Miao C, Zhang W, Khan MK,
Xia Z. Assessing the role of environmental
expenditures and green transport in
emissions released by transport: An
application of ARDL approach. Front.
Environ. Sci. 2021;9:769608.
DOI:10.3389/fenvs.2021.769608

Kuskaya S, Aldieri L, Deep Sharma G,
Balsalobre-Lorente D. Wind and solar
energy sources: Policy, economics, and
impacts on environmental quality. Frontiers
Environmental Science. 2022;0(0):1-2.
DOI:10.3389/fenvs.2022.1054259

Alonso F, Useche SA, Faus M, Esteban C.
Does urban security modulate the
transportation choices and travel behavior
of citizens? A national study in the



10.

11.

12.

13.

14.

15.

16.

Dash et al.; Curr. J. Appl. Sci. Technol., vol. 41, no. 47, pp. 14-33, 2022; Article no.CJAST.94812

Dominican Republic. Front. Sustain. Cities.
2020;2(42).

DOI:10.3389/frsc.2020.00042

De Maria L, Caputi A, Tafuri S, Cannone
ESS, Sponselli S, Delfino MC et al. Health,
transport and the environment: The
impacts of the COVID-19 lockdown on air
pollution. Front. PH 9. 2021; 637540.
DOI:10.3389/fpubh.2021.637540

Naci H, Chisholm D, Baker TD. Distribution
of road traffic deaths by road user group: a
global comparison. Inj Prev. 2009;15(1):
55-9.

DOI:10.1136/ip.2008.018721.

Shah SAR, Ahmad N, Shen Y, Pirdavani
A, Basheer MA, Brijs T. Road Safety Risk
Assessment: An Analysis of Transport
Policy and Management for Low-, Middle-,
and High-Income Asian  Countries.
Sustainability. 2018; 10(2):389.
Available:https://doi.org/10.3390/su100203
89

Dehury AN, Das AK, Patnaik AK, Chattraj
U, Bhuyan P, Panda M. Black spot
analysis on national highways.
International Journal of Engineering
Research and Applications. 2009;3(3):402-
408.

ISSN: 2248-9622

Jena SB, Mishra SP, Parida, A., Behera

RR. Traffic flow physiognomies and
clashes in the NH 20 and NH 49 in
Keonjhar District, Odisha. Indian J. of
Natural Sciences. 2022;13(73):46875-
46891.

AlHamad S, Almallah M, Naser MN,
Alhajyaseen WKM, de Roos MP.

Examining the role of road safety audits
worldwide: Exploring road safety expert's
opinions. Int J Inj Contr Saf Promot.
2022;23:1-10.
DOI:10.1080/17457300.2022.2114090
The Lancet. Road Safety: More than
reducing injuries. Lancet.
2022;400(10346):73.

DOI: 10.1016/S0140-6736(22)01209-0.
Sikdar PK. Road safety scenario in India
and global strategy for managing road
safety. International Seminar on Road
Safety: Current Scenario & Way Forward
28-29 October 2022; 2022.

Bagh J, Mishra SP. Road safety audit
confirming the highway safety standards;
Case studies Kalahandi, Odisha, Social
and Natural Sci. J. 2022;13(72):43809 —
43822.

30

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Vardaki S, Papadimitriou F, Kopelias P.
Road safety audit on a major freeway:
Implementing safety improvements. Eur.
Transp. Res. Rev. 2014;6:387-395
Available:https://doi.org/10.1007/s12544-
014-0138-0

Kalpita N Chafekar, Prajakta A Pandit,
Yash V Patel, Asir Khan. Traffic
Improvement and Road Safety Audit of
Kashimira Junction to Ganesh Nagar, Int.
J. of Eng. Research and Tech. 2022;11(4).
DOI : 10.17577/IJERTV111S040133
Bakhtari Aghdam F, Sadeghi-Bazargani H,
Azami-Aghdash S et al. Developing a
national road traffic safety education
program in Iran. BMC Public Health.
2020;20:1064.
Available:https://doi.org/10.1186/s12889-
020-09142-1

World health organization.
injuries; 2022.
Available:https://www.who.int/news-
room/fact-sheets/detail/road-traffic-injuries
Sivakumar, Krishnaraj. Road Traffic
Accidents (RTAs) Due To Drunken Driving
In India, Challenges In Prevention
international journal of research in
management and  Technology. 2021;2:
401-406.

Raju ES. Mishra SP. Barik KK. Auditing the
connectivity and freight drive in vijayawada
corridor: Bharatmala pariyojna, India, June
2022, Int. J. of Natural Sci. 2022;13(22):
43325-43337.

Gopalakrishnan S. A public health
perspective of road traffic accidents. J
Family Med Prim Care. 2012;1(2):144-50.
DOI: 10.4103/2249-4863.104987.

Safayan. HB. Road Traffic accidents — A
man-made disaster? Directorate for Trade
and Sustainable Dev. from the association
of Caribbean states; 2017.

Derry. The role of driving experience in
hazard and categorization. Accident
Analysis and Prevention. 2011;43:1730-
1737.

Keall et al. The influence of alcohol, age,
and number of passengers on the night-
time risk of driver fatal injury in New
Zealand Accident Analysis and Prevention.
2004;36:49-61.

Bezabih Y, Tesfaye B, Melaku B, Asmare
H. Pattern of Orthopedic Injuries Related to
Road Traffic Accidents Among Patients
Managed at the Emergency Department in
Black Lion Hospital, Addis Ababa,

Road traffic



28.

29.

30.

31.

32.

33.

34.

35.

Dash et al.; Curr. J. Appl. Sci. Technol., vol. 41, no. 47, pp. 14-33, 2022; Article no.CJAST.94812

Ethiopia, 2021. Open Access Emerg Med.
2022;14:347-354.

DOI: 10.2147/OAEM.S368324

Roeper P, Voas RB. Alcohol consumption
measured at roadside surveys and
variations in traffic injury crashes. Accid
Anal Prev. 1998;30(4):409-16.

DOI: 10.1016/s0001-4575(98)00004-9.
Borowsky A, Oron-Gilad T. Exploring the
effects of driving experience on hazard
awareness and risk perception via real-
time hazard identification, hazard
classification, and rating tasks. Accid Anal
Prev. 2013;59:548-65.

DOI: 10.1016/j.aap.2013.07.008.

Das A, Gjerde H, Gopalan SS, Normann
PT. Alcohol, drugs, and road traffic
crashes in India: a systematic review.
Traffic Inj Prev. 2012;13(6):544-53.

DOI: 10.1080/15389588.2012.663518.
Zivana S, VitoSevic K, Todorovi¢ D,
Jovanovi¢ M, Mihajlovi¢ F, Milovanovi¢ D,
Mihaljevi¢ O, Todorovi¢ M. The Prevalence
of Alcohol in Road Traffic Accidents
Fatalities in Central Serbia. Iran J Public
Health. 2022;51(8):1906-1908.

DOI: 10.18502/ijph.v51i8.10281.
Seresirikachorn, K.,  Singhanetr, P.,
Soonthornworasiri, N. et al. Characteristics
of road traffic mortality and distribution of
healthcare resources in Thailand. Sci Rep.
2022;12:20255.
Available:https://doi.org/10.1038/s41598-
022-24811-4

Solanki, Hariom Kumar; Ahamed, Farhad;
Gupta, Sanjeev Kumar; Nongkynrih,
Baridalyne. Road Transport in Urban India:
Its Implications on Health. Indian Journal of
Community Medicine. 2016;41(1):16-22 .
DOI: 10.4103/0970-0218.170959

Chan TC, Pai CW, Wu CC, Hsu JC, Chen
RJ, Chiu WT, Lam C. Association of Air
Pollution and Weather Factors with Traffic
Injury Severity: A Study in Taiwan. Int J
Environ Res Public Health.
2022;19(12):7442.

DOI: 10.3390/ijerph19127442.

Alsofayan YM, Alghnam SA, Alkhorisi AM,
Almalki HA, Alsaihani MD, Almazroa MA,
Alharbi AK, Hajjam RM, Alhajjaj FS,
Alowais JM. Epidemiology of Traffic
Injuries before, during, and 1 Year after the
COVID-19 Pandemic Restrictions: National
Findings from the Saudi Red Crescent
Authority. Saudi J Med Med Sci. 2022;
10(2):111-116.

DOI: 10.4103/sjmms.sjmms_59 22.

31

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Who’s including Report; 2018

Mishra SP, Mishra SK. The cataclysm of
geo-bio-climate in short-lived holocene and
in anthropocene epochs: A critical review,
International Journal of Science and
Research (IJSR). 2018;7(9):1445 — 1462,
DOI: 10.21275/ART20191537

Tavakoli KA, Rakhshani MM, Amirifar S.
Factors affecting driver injury severity in
fatigue and drowsiness accidents: a data
mining framework. J Inj Violence Res.
2022;14(1):75-88.

DOI: 10.5249/jivr.v14i1.1679.

Ministry of road transport and Highways,
Road accidents in India; 2020; MoRTH,
New Delhi. 2020
Available:https://morth.nic.in/sites/default/fil
es/RA_2020.pdf

Sahu S, Mishra SP, Barik KK, Sahu DK.
Implementation of Road Safety Audit to
Highlight the Deformities in the Design and
Environmental Safety Features: A Case
Study on National Highway-326, Int. J. of
Env. and Climate Change.
2022;12(11):1123-1140,

DOI: 10.9734/IJECC/2022/v12i1131089.
Mohan, Dinesh, O. Tsimhoni, Michael
Sivak, and Michael J. Flannagan. Road
safety in India: Challenges and
opportunities. Ann Arbor, MI: University of
Michigan Transportation Research
Institute; 2009.

Campos Vicentini S, Rocha ED, Garcia
ADS, Ferreira ALDN, Ramos HM,
Quinellato TL, Silva CRLD. Fatores
associados a qualidade do sono de

estudantes de medicina. Revista
Neurociéncias. 2021;29(0):1-20.
DOI:10.34024/rnc.2021.v29.12426
Accidental fatalities in India. National

Crime Records Bureau, Ministry of Home
Affairs, Indian Govt., New Delhi; 2021.
Avalilable:/en.wikipedia.org/wiki/lHaddon_M
atrix

Sagberg, Bjgrnskau. Hazard perception
and driving experience among novice
drivers, Accident Analysis and Prevention.
2020;38:407-414.

Das A, Gjerde H, Gopalan SS, Normann
PT. Alcohol, drugs, and road traffic
crashes in India: a systematic review.
Traffic Inj Prev. 2012;13(6):544-53.

DOI: 10.1080/15389588.2012.663518

Goli Khatir I, Shayesteh Azar M, Zakariaei
Z, Rezaee Rad HR, Rasouli K. The
prevalence of substance use among
drivers with traffic injuries in Mazandaran


https://doi.org/10.1038/s41598-022-24811-4
https://doi.org/10.1038/s41598-022-24811-4

47.

48.

49,

50.

51.

52.

53.

54.

55.

Dash et al.; Curr. J. Appl. Sci. Technol., vol. 41, no. 47, pp. 14-33, 2022; Article no.CJAST.94812

Province, Northern Iran. Ann Med Surg
(Lond). 2022;82:104768.

DOI: 10.1016/j.amsu.2022.104768

Zivana S, Vito$evié K, Todorovi¢ D,
Jovanovi¢ M, Mihajlovi¢ F, Milovanovi¢ D,
Mihaljevi¢ O, Todorovi¢ M. The Prevalence
of Alcohol in Road Traffic Accidents
Fatalities in Central Serbia. Iran J Public
Health. 2022;51(8):1906-1908.

DOI: 10.18502/ijph.v51i8.10281

Aarts LT, Schagen A. Driving speed and
the risk of road crashes: A review, an
accident Analysis is and Prevention.
2006;38:215-224.

Prabhakaran P, Molesworth BR, Hatfield J.
Impairment of a speed management
strategy in young drivers under the high
cognitive workload. Accid Anal Prev.
2012;47:24-9.

DOI: 10.1016/j.aap.2012.01.004

Gupta R, Kaur P. Impacts of Road
Condition, Traffic and Manmade Features
on Road Safety, Int j. of Eng research &
technology (IJERT). 2021;10(07).

Taylor AH, Dorn L. Stress, fatigue, health,
and risk of road traffic accidents among
professional drivers: the contribution of
physical inactivity. Annu Rev Public Health.
2006;27:371-91.
DOI:10.1146/annurev.publhealth.27.02140
5.102117.

Butt FM, Ashig M, Rehman SU et al.
Bibliometric analysis of road traffic injuries
research in the Gulf Cooperation Council
region [version 1] F1000 Research
2020;9:1155,
Available:https://doi.org/10.12688/f1000res
earch.25903.1

Cao X, Cheng Y, Xu C, Hou Y, Yang H, Li
S, Gao Y, Jia P, Wang Y. Risk of
Accidents or Chronic Disorders From
Improper Use of Mobile Phones: A
Systematic Review and Meta-analysis. J
Med Internet Res. 2022;20;24(1):e21313.
DOI: 10.2196/21313

Pal R, Ghosh A, Kumar R, Galwankar S,
Paul SK, Pal S, Sinha D, Jaiswal AK,
Moscote-Salazar LR, Agrawal A. Public
health crisis of road traffic accidents in
India: Risk factor assessment and
recommendations on prevention on the
behalf of the Academy of Family
Physicians of India. J Family Med Prim
Care. 2019;8(3):775-783.

DOI: 10.4103/jfmpc.jfmpc_214 18

Abdi N, Robertson T, Petrucka P, Crizzle
AM. Do motorcycle helmets reduce road

32

56.

57.

58.

59.

60.

61.

62.

63.

traffic  injuries, hospitalizations, and
mortalities in low and lower-middle-income
countries in Africa? A systematic review
and meta-analysis. BMC Public Health.
2022;25;22(1):824.

DOI: 10.1186/s12889-022-13138-4.
Sanguesa JA, Torres-Sanz V, Garrido P,
Martinez FJ, Marquez-Barja JM. A review
on electric vehicles: Technologies and
challenges. smart cities. 2021;4:372—-404.
Available:https://doi.org/10.3390/smartcitie
s4010022

Glazener A, Wylie J, van Waas W et al.
The Impacts of Car-Free Days and Events
on the Environment and Human Health.

Curr  Envir Health Rpt. 2021;9:165-
182(2022).
Available:https://doi.org/10.1007/s40572-
022-00342-y

Garg N, Hyder AA. Road traffic injuries in
India: a review of the literature. Scand J
Public Health. 2006;34(1):100-9.

DOI: 10.1080/14034940510032149

Achiri AT, Mbue A, Merlin IN, Gerard A.
Automobile crash investigation based on
vehicle system related causes: Systematic
literature review. World J. of Eng. and
Tech. 2022;10:139-157.
DOl.org/10.4236/wjet.2022.102008
Tavakkoli M, Torkashvand-Khah Z, Fink G,
Takian A, Kuenzli N, de Savigny D, Cobos
Mufioz D. Evidence from the decade of
action for road safety: A systematic review
of the effectiveness of interventions in low
and middle-income countries. Public
Health Rev. 2022;43:1604499.

DOI: 10.3389/phrs.2022.1604499.
Montero-Salgado JP, Mufioz-Sanz J,
Arenas-Ramirez B, Alén-Cordero C.
Identification of the Mechanical Failure
Factors with Potential Influencing Road
Accidents in Ecuador. Int J Environ Res
Public Health. 2022 Jun 24;19(13):7787.
DOI: 10.3390/ijerph19137787

Yassenn OM, Endut IR, Hafez MA, Ishak
SZ, Kordi NE. Fatigue damage ratios for
heavy vehicles operating in the southern
part of malaysian peninsula. In: Gen, M.,
Kim, K., Huang, X., Hiroshi, Y. (Eds)

Industrial Eng., Management Sci. and
Applications 2015. Lecture Notes in
Electrical Eng., 349. Springer, Berlin,

Heidelberg; 2015.
Available:https://doi.org/10.1007/978-3-
662-47200-2_109

Wen H, Du Y, Chen Z, Zhao S. Analysis of
Factors Contributing to the Injury Severity


https://doi.org/10.3390/smartcities4010022
https://doi.org/10.3390/smartcities4010022
https://doi.org/10.1007/978-3-662-47200-2_109
https://doi.org/10.1007/978-3-662-47200-2_109

64.

65.

66.

67.

68.

69.

70.

Dash et al.; Curr. J. Appl. Sci. Technol., vol. 41, no. 47, pp. 14-33, 2022; Article no.CJAST.94812

of Overloaded-Truck-Related Crashes on
Mountainous Highways in China. Int J
Environ Res Public Health. 2022 Apr
2;19(7):4244.

DOI: 10.3390/ijerph19074244.

Bassat TB, Shinar D. Effect of shoulder
width, guardrail and roadway geometry on
driver perception and behaviour. Accident
Analysis and Prevention.43, 2142-2152
Zeeger et al(2021) Safety Effectiveness of
Highway design Features. 2021;2:4-15.
Zeeger CV., 1992. Safety Effectiveness of
Highway design Features. In Proceedings
SAFEYO, 2 pp.4-15

Gupta,R., Kaur,P., 2021. Impacts of Road
Condition, Traffic and Manmade Features
on Road Safety, Int J. of Eng. Res & Tech,
(IJERT) Volume 10, Issue 07 (July 2021),
Bamzai et al. Safety impacts of highway
shoulder attributes in lllinois; 2021.

ISSN: 0197-9191

Forest et al. Influence of Roadway Surface
Discontinuities’ on Road Safety TRB;
2021.

ISSN: 0097- 8515 www.TRB.org

Musa MF, Hassan SA, Mashros N. The

impact of roadway conditions towards
accident severity on federal roads in
Malaysia. PLoS One.

2020;15(7):e0235564.

DOI: 10.1371/journal.pone.0235564

Dong S, Khattak A, Ullah I, Zhou J,
Hussain A. Predicting and Analyzing Road
Traffic Injury Severity Using Boosting-
Based Ensemble Learning Models with
SHAPley Additive exPlanations. Int J
Environ Res Public Health. 2022;19(5):
2925.

DOI: 10.3390/ijerph19052925.

71.

72.

73.

74.

75.

76.

77.

Zhang Y, Lu H, Qu W. Geographical
Detection of Traffic Accidents Spatial
Stratified Heterogeneity and Influence
Factors. Int J Environ Res Public Health.
2020;17(2):572.

DOI: 10.3390/ijerph17020572.

Singh R, Srivastava G. Truck overloading
detection and engine locking system. Adv.
and Applications in Mathe. Sci.
2022;21(12):7157-7162.

Srivastava A, Gaikwad S, Pagdal P,
Bhattacharya S. A study on awareness of
road traffic accidents and their basic
management among medical students of
Government Medical College,
Maharashtra, India. CHRISMED J Health
Res. 2019;6:216-21.

Ivan JN, Wang C, Bernardo NR. Explaining
two-lane highway crash rates using land
use and hourly exposure. Accid Anal Prev.
2000;32(6):787-95.

DOI: 10.1016/s0001-4575(99)00132-3.

Ma F, Xu J, Gao C, Bi Y. Study on the
applicability and modification of the design
hourly volume on rural expressways
considering holiday traffic polarization. Int J
Environ Res Public Health. 2022 Aug
11;19(16):9897.

DOI: 10.3390/ijerph19169897

Dehury AN, Das AK, Patnaik AK, Chattraj
U, Bhuyan P, Panda, M. Accident analysis
and modeling on NH-55 (India).
International Journal of Engineering
Inventions. 2013;2(7):80-85.

Mishra SP, Mishra S, Siddique M. The
anthropocene dialogues on climate change
to human health of homosapiens in India.
Current Journal of Applied Science and
Tech. 2020;39(24):13-30.

© 2022 Dash et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/94812

33


http://creativecommons.org/licenses/by/4.0

