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Share of deaths by road users ςglobal, WHO 2018



Road safety status in India, 2019
Official data reports (Ministry of Road Transport and Highways 2022) ς 

1,68,491 persons were killed in 2022.

Reported increase in road deaths from  -
11.7 deaths per 100,000 population  => 2018

12.2 deaths per 100,000 population  => 2022

While the WHO estimates 22.2 road related deaths per 100,000 population in 2018.

Road-related injuries are 13th largest contributor to health burden in India.



How people travel in Indian cities?
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Vulnerability on urban roads
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Who is vulnerable on Indian Roads?

Share of road traffic fatalities by users, MORTH 2018 and MORTH 
2022
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Å The share of vulnerable road users is increasing

Å There is under-reporting of vulnerable road users in reported officials



Vulnerability by age and gender

Å Note: The fatality rate is not as same as exposure; exposure is related to how people travel.



Risk Exposure ς ex. Vizag ς Vulnerable road users 
(VRUs)

Car MTW Bus IPT Walk Bicycle

Percentage of total 

fatalities 1% 34% 2% 6% 49% 6%

Risk exposure 

(Total fatalities to 

total users by the 

mode)

0.021 0.073 0.003 0.022 0.029 0.045

Å Bicyclists have the highest risk of exposure to road related fatalities

Risk exposure is different from fatality rate or share of fatalities



Who hits who?
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Where does 
bicyclist 
fatalities 
take place?
50% OF EXISTING 
BICYCLIST FATALITIES 
OCCUR ON ARTERIAL 
ROADS IN 
VISHAKHAPATNAM

Improving safe conditions on arterial roads can help in reducing risks to bicyclists



Infrastructure development and change 
in fatality rates

City Years Growth in Bikeway 
Network,

a
%

Growth in Bicycle 
Trips, %

Change in Crashes 
ǇŜǊ млл ллл ¢ǊƛǇǎΣ ҈

Change in Fatalities 
and Severe Injuries 
ǇŜǊ млл ллл ¢ǊƛǇǎΣ҈

Portland, OR 2000ς2015 53 391 ҍсн ҍтн

Washington, DC 2000ς2015 101 384 ҍпс ҍрл

New York, NY 2000ς2015 381 207 NA ҍтн

Minneapolis, MN 2000ς2015 113 203 ҍтр ҍтф

San Francisco, CA 2000ς2015 172 167 ҍос NA

Cambridge, MA 2000ς2015 27 134 ҍрт NA

Chicago, IL 2005ς2015 135 167 ҍрп ҍсл

Seattle, WA 2005ς2015 236 123 ҍнр ҍро

Los Angeles, CA 2005ς2015 130 114 NA ҍпо

Philadelphia, PA 2008ς2015 17 51 NA ҍпф

Source: Buehler and Dill (2015)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5105030/table/tbl1/#tblfn1


Safety is linked with 
other sustainable 
development goals
SDG 3 (PROMOTE HEALTH), SDG 5 (GENDER EQUALITY), SDG 7 (EQUAL 
AND AFFORDABLE ACCESS TO CLEAN ENERGY) ,  SDG 10 (SUSTAINABLE 
AND RESILIENT INFRASTRUCTURE, SDG 11 (SUSTAINABLE CITIES AND 
COMMUNITIES)



Who is vulnerable on road ς relation 
between gender, income and mobility?
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Key understanding
The burden of safety is distributed unequally between different groups of society.

Most vulnerable by total fatalities are pedestrians and two-wheelers. 

Most vulnerable by the risk of exposure are two-wheelers, bicyclists, and pedestrians. 

Pedestrians and bicyclists belong to lower income group. 

Walking is more undertaken by women. 

The groups of society does not have access to other modes. 

Prof. Mohan ς LǘΩǎ ǘƘŜ ǊŜǎǇƻƴǎƛōƛƭƛǘȅ ƻŦ ǎƻŎƛŜǘȅ ŀƴŘ ŎƻƳƳǳƴƛǘȅ ǘƻ ǇǊƻǾƛŘŜ ǎŀŦŜ ŀŎŎŜǎǎ ǘƻ ŀƭƭΦ 



Principles of achieving road safety 
üAccidents do not happen accidentally

Various components in which road users are exposed are designed
Traffic typology, design of geometries, infrastructure environment affect road users safety

It is the responsibility of the state to design and provide for safe road user environment

üSystemτbased approach 
There is linear and non-linear interaction between multiple components 
CŜŜŘōŀŎƪ ƭƻƻǇǎ ŎƻƳǇƭƛŎŀǘŜ ǘƘŜ ǎȅǎǘŜƳΩǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 
Improvement in one sub-system may not result in improvement in the overall system. 

Therefore, less is known about the effectiveness of strategies for improving road safety

üErrors can happen - Need for forgiving roads
bŜŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǊƻŀŘ ǳǎŜǊǎΩ ŦǊŀƛƭǘȅ
Errors can happen by human or by system

System needs to account for all types of errors to ensure safety of road users



Road crashes and related injury depend on 
three factors

Exposure

ωthe amount of activity in 
which crash may occur

ωthe amount of travel, 

ωthe number of person 
kilometres of travel 
performed

ωDepends on type of 
mode used

Accident/crash Rate

ωRisk of crashes per unit of 
exposure

ωProbability of occurring an 
crashes

ωRisk of crash, level of risk 
or crash risk

ωDepends on type of 
transport infrastructure, 
traffic control devices, 
vehicles type and road 
users

Injury Severity

ωOutcome of crashes in 
terms of injuries to people 
and damage to property

ωUsage of safety 
equipment like helmets 
by road users

ωSpeed of vehicles and 
vehicle mass

ωDesign of vehicles, 
including materials



How to address safety of VRUs?

ü Infrastructure design

üEnvironment design

üSafe road user
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Understanding VRU in Delhi



Fatalities by type of road users
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Risk exposure rate by road typologies
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Understanding vulnerability of pedestrians ς 
vehicle design

Source: Subramanian and Chawla (2011), 
Optimization of vehicle front for safety of 
pedestrians 



¦ƴŘŜǊǎǘŀƴŘƛƴƎ ǇŜŘŜǎǘǊƛŀƴǎΩ ǾǳƭƴŜǊŀōƛƭƛǘȅ ς 
speed of vehicles

Source: Kroyer (2015), Is 30ƪƳκƘ ŀ ΨǎŀŦŜΩ ǎǇŜŜŘΚ LƴƧǳǊȅ ǎŜǾŜǊƛǘȅ ƻŦ ǇŜŘŜǎǘǊƛŀƴǎ ǎǘǊǳŎƪ ōȅ ŀ ǾŜƘƛŎƭŜ ŀƴŘ ǘƘŜ ǊŜƭŀǘƛƻƴ ǘƻ ǘǊŀǾŜƭ ǎǇŜŜŘ ŀƴŘ ŀƎŜ



Urban speed limit laws

Source: WHO 2015



Need, issues and challenges
Non existing infrastructure in most 
of the places.

Need to share same space by 
different modes of transport that 
vary by 

speed

size

mass

usage, etc.



However, on roads in Indian scenario

All types of users sharing one space Pedestrians exposed to multiple conflicts in difficult weather conditions



Challenges of 
widening road 
infrastructure



How existing infrastructure adds to 
vulnerability?



Same area, when people try to cross roads



CROSSING 
FACILITIES DO 
NOT ADDRESS 
THE NEED OF 

MAJORITY



WHAT IS THE KIND OF STREET 
LIGHTING IS APPROPRIATE?



Risk factors for pedestrians



Risk Factors



Measures
Traffic control measures General policy measures



For pedestrian 
and bicyclists 
safety

Traffic reduction

Speed reduction

Junction treatment

Redistribution of road space

Provision of special facilities like pedestrian 
island and bicycle box



Evidence 
base 
measures

Reduce Pedestrian Exposure To Vehicular Traffic

Examples of interventions

Effectiveness

Proven Promising
Insufficient 
evidence

Provide sidewalks Yes

Install and/or upgrade traffic and pedestrian 
signals

Yes

Construct pedestrian refuge islands and raised 
medians

Yes

Construct enhanced marked crossings Yes

Provide vehicle restriction/diversion measures Yes

Install overpasses/underpasses Yes

Improve mass transit route design Yes

Reduce traffic volumes by switching journeys 
from the car to public transport, walk and cycle 
for distances and purposes where these options 
work well

Yes



Reduce Vehicle Speeds

Examples of interventions Effectiveness

Proven Promising
Insufficient 
evidence

Reduce speed limit Yes

Implement area-wide lower speed limit programmes, for 
example, 30km/hr

Yes

Implement road-narrowing measures Yes

Implement speed management measures at road sections Yes

Install speed management measures at intersections Yes

Provide school route improvements Yes

Implement roundabouts Yes

Implement raised pedestrian crossings, rumble strips and 
texture change

Yes



Improve sight distance and/or visibility between motor vehicles and pedestrians

Examples of interventions

Effectiveness

Proven Promising
Insufficient 
evidence

Provide crossing enhancements Yes

Implement lighting/crossing illumination measures Yes

Reduce or eliminate obstruction by physical objects 
including parked vehicles

Yes

Install signals to alert motorists that pedestrians are 
crossing

Yes

Improve visibility of pedestrians/ dedicated lighting on 
pedestrian paths

Yes



Key strategies 
- crossings
ÅAt grade crossing is the most 

preferred 

Å It is the best form of ensuring safe 

and comfortable crossing for 

pedestrians.

ÅCare can be taken to design 

pedestrian crossing that that lead to 

essential destinations.



IRC GUIDELINES FOR URBAN STREET DESIGNS : 
86:2018

Different road need different treatment

ÍUrban expressway  80 km/hr  45-75m

ÍArterial road   50 km/hr  45ð60m

ÍSub Arterial road  50 km/hr  30-45m

ÍCollector street   30 km/hr   15-30m

ÍAccess street   6 - 15 km/hr  10-15m



Traffic calming measures ς IRC 99 : 2018

Traffic calming 
techniques

Active 
measures

Physical 
Warnings

Rumble strips

Thumps

Humps

Road design

Roundabout

Traffic circles

Staggering

Vehicle design

Passive 
measures

Electronic

Speed cameras

Electronic 
speed warning 

Manual

Police enforced

Visual

Gates

Signs

Markings



Active traffic calming measures

Physical warning

ÅInfluences driver 
behavior by means 
of jerk or vibrations

ÅRumble strips

ÅSpeed Humps

ÅThumps

Lane narrowing

ÅInfluences car 
drivers.

ÅLittle to no impact 
on Motorized two 
wheelers.

Speed breakers

ÅIndicates driver 
about the 
impending 
inconvenience.

ÅEasy to place in any 
location.

ÅThe degree of the 
effect varies by 
design and material. 



Traffic calming measures



Types of speed breakers

Circular humps Trapezoidal
ÅFlat in center and ramps 

on both the sides.

ÅModerate discomfort for 
cars and heavy vehicles 
need to move very slow.

ÅFlat surface can be 
connected with 
pedestrian footpaths.

Rumble strips
ÅTo be provided where 

speed control is 
unavoidable.

ÅExamples ς NH and SH

ÅTo be placed across 
entire carriageway and 
paved shoulder.



Speed calming 
measures around 
pedestrian crossing 
example

ÅRaised zebra crossing at Lodhi Road, 

Delhi.

ÅRamp from footpath leading to zebra 

crossing.

ÅAlong with speed limit signages.



Traverse bar 
marking
ÇIRC 88:2018

Çtreatment to alert and to 
reduce the speed. 

ÇNumber of sets of transverse 
bar markings depends on the 
speed.

ÇEach set comprises of 6 bars 
with 5 mm high



Textured paving 
over raised 
crossings


