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PH.D SCHOLAR - Current

An integrated approach to assessing 
exposure and vulnerability to urban floods 
by defining transport strategies to enhance 
resilience: a case study of Delhi
Scholar: Aashly V S

Sustainable solution for last mile delivery 
in Delhi NCR
Scholar: Abhishek

Analysis of Micromobility and its 
Integration with Public Transport
Scholar: Abhishek Bansal

Assessing the Impact of Extreme Events 
on Accessibility on Public Transportation 
and Non-Motorised Transport Users
Scholar: Akanksha Bhardwaj

Assessing the safety effectiveness of 
speed cameras on the highway in India
Scholar: Akhilesh Kumar Srivastava

Public utility coordination in Rights-of-Way 
(RoW) management
Scholar: Amit Kumar

Transportation and Urban Infrastructure 
Planning Road Safety Engineering and 
Design for VRUs
Scholar:Anirban Acharyya

Impact of Adverse Weather on Traffic 
Characteristics and Safety
Scholar:Ankit Kumar Singh

Data-Driven Evaluation of Air Quality and 
Road Safety Policies impacting Road 
Traffic Volumes
Scholar: Asha S V

Assessing the resilience of urban transport 
under intense rainfall with a focus on 
mobility needs for the vulnerable group
Scholar: Kakolli Maiti

Health risks, traffic safety and social 
security challenges of gig workers in Delhi
Scholar:Maansi

Impact of enforcement strategy on road 
safety
Scholar: Manoj Kumar

Assessment of autonomous vehicle/ 
connected vehicles on traffic safety using 
simulation
Scholar: Marsha Khan

Investigating The effects of traffic noise on 
Human Health in Indian Cities
Scholar:Md Hifzur Rahman

Understanding the impact of road network 
structure on traffic-related risk factors
Scholar: Mehrab Nazir

Pedestrian safety challenges on multi-lane 
highways in low- and middle-income 
countries
Scholar: Mekuanint Getnet

Understanding mobility as a driver of 
change toward making historic centers 
accessible and competitive
Scholar:Mohit Dhingra

Linking urban mobility with  contagion 
process in urban networks
Scholar:Naveed Tareen Pathan

Traffic safety risk in part urban area: A 
case study of NCT Delhi
Scholar: Neelabha Roy

Impact of environmental factors on 
walkability in urban streets of Delhi
Scholar:Oshin Agarwal

Analysing pedestrian-vehicle interaction in 
a virtual environment
Scholar: Parth Parikh A

Transportation network resilience
Scholar: Piyush Purshottam Lalwani

Optimization framework for transitioning to 
electric bus system for New Delhi
Scholar:Pranav Gairola

Understanding pedestrian behaviour: 
Retain and increase walk share
Scholar: Pratik Jha

Strengthening trauma care systems in 
India: A multi-site evaluation of prior 
notification, standardised trauma registry 
implementation, and integrated 
interventions to improve prevention, 
diagnosis, treatment, and rehabilitation of 
road traffic injury patients
Scholar: Preeti Kumari

Pedestrian safety on high-speed rural 
roads
Scholar: Priyanshu Aman

A study on honking behavior in urban 
traffic conditions
Scholar: Puja Sahu

Study of traffic risk to bicyclists in urban 
area
Scholar: Rashmeet K. Khanuja

Long term implications of quick commerce 
on local economy and public health
Scholar: Shabnam Khan

Integrating personal exposure, travel 
behaviour, and health outcomes to assess 
the impacts of traffic related air pollution: a 
longitudinal study in Delhi
Scholar: Shalini

Impact of road characteristics on the 
safety of cyclists in Delhi: An application of 
epidemiological study designs
Scholar: Srishti Agarwal

Issues in In-silico studies of traumatic 
brain injury(TBI)
Scholar: Sushil Kumar

Analysing patterns of road traffic crashes 
in South Delhi: A comparative study of fatal 
and non-fatal crashes
Scholar: Syed Huzair Shafi

The epidemiology of road traffic injuries
Scholar: Vishnu Kumar V

Realtime Conflict modelling on highways
Scholar: Yawar Ali

Role of Intermediate public transport in 
Indian cities
Scholar: Aishwarya S Jaiswal

Measuring surrogate road safety at 
unsignalized intersections in heterogenous 
traffic conditions
Scholar: Debashis Ray Sarkar

Investigations into bio-mechanics of road 
traffic injuries
Scholar: Laureb Rao

Impact testing of helmet
Scholar: Manish Kumar

Influence of walking infrastructure on 
pedestrian safety perceptions and route 
choice
Scholar: Neba C Tony

Accident prediction modeling of priority 
junctions at inter-city urban highways
Scholar: Parveen Kumar

Impact of transportation demand 
management strategies–A case study of 
odd-even policy in New Delhi
Scholar: Ranjana Soni

Crash safety of electric vehicles
Scholar: Thanigaivel Raja T

Estimation of carbon footprint of road 
projects in himalayan region of India
Student:Amarendra Pratap
Supervisor:Girish Agrawal
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YOUNG CHILDREN IN TRAFFIC
Stina Sandels

Traffic accident statistics in various countries show that young 
children are one of the age groups which are most affected, both 
as pedestrians and as cyclists. In Sweden, when accidents 
involving children are discussed it is often said that these 
accidents are caused by children's carelessness, incautiousness, 
and rashness. Such points of view are put forward in verdicts in 
traffic cases in which children have been involved. Young children 
are regarded in approximately the same way as ordinary adults 
and held responsible for their incorrect behaviour. Similarly, this 
identification of children with adults has produced the belief that 
the behaviour of young children in traffic could be made perfect 
by instruction and demands for this have often been raised in 
some quarters in the name of accident prevention.

But what happens if children are too immature to be able to 
derive any benefit from traffic instruction? What can be regarded 
as 'normal' behaviour in traffic for children of different ages? The 
Research Institute of Child Psychology at the University of 
Stockholm has, since 1960, been carrying on a series of 
investigations dealing with traffic maturity in child-ren. These 
investigations are still incomplete but an account of them has 
been given in a book entitled Young Children in Traffic (in 
Swedish) published by Laromedelsforlagen, Stockholm, 1968. 
This paper gives a summary of the book. A start was made with a 
survey of young children's play habits and ranges of action in 
modern urban areas. This survey took the form of a series of 
exploratory studies, carried out by the institute in conjunction with 
the Department of Town Planning at the University College of 
Technology, Stockholm:

(a) A study of young children (of preschool age), their play habits 
out of doors, and the number of times they went in and out alone 
with a play group or with an adult through the door of the building 
in which they lived, in relation to the planning of the building (high 
rise or low rise blocks of flats).
(b) The main investigation which aimed at finding out where the 
children played, how far they wandered from home and how their 
area of activity and selection of play areas was affected by the 
planning of the housing environment. This test was carried out 
partly as a random investigation in various out of door 
environments, and partly as an interview investigation among the 
mothers of young children in the areas in question.
©  Field investigation of the attendance habits of the children at 
the communal playgrounds in one of the housing areas.

Only the main investigation (b) will be dealt with here. In a high 
rise and low-rise housing area in the suburbs of Stockholm, 13 
similar observation points were selected. These were distributed 
among playgrounds, park areas, areas of high traffic density, 
streets, and shopping centres. During a period of three weeks in 
May and June 1960, these points were visited once every hour 
between 8 am and 6 pm by one of the institute's workers. Notes 

were made of how many children there were from each area who 
were at the point when the research worker arrived, as well as 
the child's name, age, and address. The date, weather, and time 
of day were also noted. Approximately 550 children were 
observed. The results from both areas were put together. 80% of 
the children were out alone or with children of the same age. 
Apart from a few 3- or 4-year-olds, the children who were 
accompanied by adults were mainly under 2½ years old. The 
older the children were, the more often they were observed at all 
types of observation points regardless of whether these were, 
from the traffic point of view, suitable or not for children. Children 
as young as 3 and 4 years were seen in more than one quarter of 
the cases in places which were dangerous from the traffic point of 
view, such as roadways, pavements and parking areas. They 
mostly played alone while their mothers tried to keep them under 
observation from windows or balconies. Five- and 6-year-olds 
had less supervision while out of doors, and nearly half of them 
had chosen unsuitable playing areas. 82·5% of the children were 
within 100 yards of the door of the building where they lived. Most 
of the children were observed between 10 am and noon and 
between 3 and 6 pm. Interviews with mothers confirmed that 
children as young as 2½-3 years of age were let out alone, and 
that mothers living in high rise flats had great difficulty in 
supervising their children. With the exception of some whose 
children were too young, all mothers said that they had spoken to 
their children about traffic. The majority of them believed that their 
children had under-stood and could profit by the warnings.

Half of the children in the 6- and 7-year age group were not in 
command of the model situation at road junctions. They forget, 
above all, to look behind for turning vehicles, and only half of the 
8- and 9-year-olds remembered this. Not even the simple testing 
of going straight over a zebra crossing without any vehicles being 
involved was passed by more than half of the 6-year-olds or three 
quarters of the 9-year-olds. This investigation showed no 
difference between boys and girls. On the other hand, there were 
obvious improvements with age. Examples of performance on 3 
of the 49 tasks or questions set are given in the table.

Performance of children aged 6-9 years on model traffic 
situations.

The ability of young children to perceive movements out of 
the corner of their eyes compared with the same ability in 
adults.

Young children are regarded in approximately the same way 
as ordinary adults and held responsible for their incorrect 
behaviour. Similarly, this identification of children with adults 
has produced the belief that the behaviour of young children 
in traffic could be made perfect by instruction and demands 
for this have often been raised in some quarters in the name 
of accident prevention.

Excerpts from seminal key studies on safety: “Young Children in Traffic” by Stina Sandels of the Research Institute of Child Psychology, 
School of Education, Stockholm, Sweden. First published in the British Journal of Educational Psychology (1970; 40: 111-6) 
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In 1960-1 work was also in progress on a general survey dealing 
with the ability of 6-year-olds to perceive movements out of the 
corner of their eyes, compared with the same ability in adults. 
This was carried out in cooperation with ophthalmologists, using 
a round piece of cardboard, 9 mm in diameter which was placed 
in the field of vision. Twenty 6-year-olds from three nursery 
schools in Stockholm and 20 adults between 20 and 40 years of 
age, all without known visual defects, took part in the experiment. 
Half were male and half female. The results showed significant 
differences between children and adults in that, without 
exception, the cardboard had to be nearer the eye's fixation point 
before the children could perceive it. There was no difference 
between boys and girls. It thus seems that 6-year-olds are not 
able to see moving vehicles out of the corner of their eyes as 
quickly as adults can. Also, the selection of children for the 
experiment showed that young children often suffer from defects 
of vision without either themselves or any responsible adult 
knowing anything about it.

The ability of 6-year-olds to localise sound as compared with 
the same ability in adults.

A similar investigation dealing with the ability in 1963 and 1964. 
Forty children and 40 adults between the ages of 20 and 40 
participated. The Institute of Child Psychology carried out this 
investigation in cooperation with the Department of Technical 
Audiology at the Royal Caroline Institute; field work was carried 
out at the Royal College of Technology. During the child's first visit 
an audiogram was taken and the children were given the chance 
to become acquainted with the 'silent room' in which the 
experiments were to take place. The actual experiment was 
carried out on the second visit. Adult subjects paid only one visit 
but were all9wed to take a rest between the audiogram and the 
experiment. Only children and adults with normal hearing were 
permitted to take part in the tests. The person to be tested sat in 
a chair exactly in the middle of a ring of louds-peakers, which 
were so arranged that no echo could occur. The loudspeakers 
were placed at the same height as the subject's ears and l·5 m 
from him. The chair had a neck rest which was adjusted so that it 
was comfortable for the subject who, however, could not turn his 
head. The taped noise of a car engine was played through each 
loudspeaker. The car appeared to approach, pass, and drive off. 
This was heard for three seconds, then there was a pause of five 
seconds, and the sound was repeated according to a 
predetermined plan through another loudspeaker which had been 
selected at ran-dom. The task of the subject was to point to the 
loudspeaker from which the sound came. The tape, which was 
played on a tape recorder in an adjacent room was heard eight 
times in each loudspeaker. The project leader was present in the 
test room, but outside the ring of loudspeakers. The result of the 
experiment showed that there were great differences between the 
ability of adults and children to localise sounds, but little 
difference between male and female. The adults' evaluations 
were accurate while the children had fewer correct directional 
indications and a greater spread of incorrect alternatives. For 
both groups the position of the noise source was important. If we 
superimposed the face of a clock on the ring of loudspeakers, 
with the figure 12 directly in front of the subject, the easiest 
directions for children to locate were 12, 11, 1 and 6, while adults 
could also recognise 3, 4, 8 and 9. The children confused the 

right and left sides more often than the adults. When the 
audiograms were being taken, several children were discovered 
to have defective hearing, a fact which neither they nor any 
responsible adult had discovered

Two investigations have also been made of the effect of road 
safety teaching on children. The most important of these (1964) 
dealt with the following problem. Which is the most effective 
method of teaching groups of children in the nursery school the 
basic rules for pedestrians in traffic: teaching indoors, teaching 
out of doors in real traffic situations, or a combination of both with 
the indoor teaching being taken first? About 80 children took part 
in the experiment with 20 in each of the named groups and 20 
forming a control group which was not given any training. Before 
the instruction commenced individual interviews dealing with 
traffic questions were held with each child. Individual behaviour 
tests were also held in real traffic situations. Thanks to the 
cooperation of the police, these tests were held in closed off 
streets (though this was unknown to the children). The rules we 
wished to inculcate were the following:
(1)Stop at the edge of the kerb before stepping out into the road.
(2)Look right and left before stepping out into the road and listen.
(3)Walk straight across the road at the pedestrian crossing.
(4)Cross at places marked with a zebra crossing and road sign 
and watch out for vehicles turning the comer.

The interviews showed that there was a great deal of uncertainty 
among the children as to how to behave in such situations. The 
tests showed many cases of incorrect behaviour. Training was 
then given in four periods spread over two weeks, after which the 
interviews and the practical tests were repeated. Before the 
training there was hardly any difference between the four groups 
of children and the results of both the interviews and the tests 
were pretty much the same. After the training had been given, the 
results were considerably different for all groups except the 
control group. Children who were given nothing, but indoor 
instruction showed the least improve-I!]. end over their 
performance at the initial interviews. Out of doors instruction was 
better and this showed both in the interview answers and in the 
practical tests. Combined indoors and out of doors instruction 
was, however best. The final tests showed that the most difficult 
points to learn were (a) to look back when crossing over the road 
at a street comer, (b) to look right and left when crossing a road, 
and (c) to go straight across the road.

Young Children in Traffic concludes with a summary, a discussion 
of the important results, and a brief outline proposal for basic 
road safety training intended for use in the home, nursery 
schools, and the lower division of the comprehensive school. An 
appendix deals with the requirement for a change in the law 
dealing with children's liability to damages.

The children confused the right and left sides more often than 
the adults. When the audiograms were being taken, several 
children were discovered to have defective hearing, a fact 
which neither they nor any responsible adult had discovered.

The final tests showed that the most difficult points to learn 
were (a) to look back when crossing over the road at a street 
comer, (b) to look right and left when crossing a road, and (c) 
to go straight across the road.

Also, the selection of children for the experiment showed that 
young children often suffer from defects of vision without either 
themselves or any responsible adult knowing anything about 
it.



T R I P - BULLETIN
TRANSPORTATION RESEARCH & INJURY PREVENTION
CENTRE

VOL 5 NO. 2 MONSOON 2026

CENTRE 

NEWS

COURSE ANNOUNCEMENT 

PROVISIONAL: Course Announcement

The Transportation Research and Injury Prevention Centre (TRIP Centre), Indian Institute of Technology Delhi, is organizing its 36th International Course on 
Road Safety at the IIT Delhi Campus in Hauz Khas, New Delhi, India, from the (dates subject to change) 8th of February to the 17th February 2027. The first 
three days will include a common module (Module 1) for all participants, followed by parallel modules  on Governance of Road Safety Policy and Planning 
(Module 2) up to 13th of February 2027.  Details of the course can be accessed from -https://tripc.iitd.ac.in

The Transportation Research and Injury Prevention Programme has been operational for two decades.  On May 21st 2021 it was established as TRIP Centre.  It is based at the Indian Institute of Technology (Delhi) 
and is an interdisciplinary academic unit focusing on the reduction of adverse health effects of road transportation.  researchers at TRIP Centre seek to integrate all issues concerned with transportation to promote 
safety, active mobility, cleaner air, and energy conservation.  They are involved in planning safer urban and inter-city transportation systems and developing designs for vehicles and safety equipment.

Endowments for perpetual Chairs
CONFER, India: TRIPP Chair for Transportation Planning
Ford Motor Co., USA: Ford Chair for Biomechanics and Transportation Safety
Ministry of Urban Development India: MoUD Chair for Urban Transport & Traffic Planning
MoUD Chair for Urban Transport and Environment
MoUD Chair for Urban Traffic Safety
VREF: Volvo Chair for Transportation Planning for Control of Accident and Pollution

Establishment funds have been received from
Ministry of Industry, Government of India
Asian Institute of Transport Development, India
Tata Motors Limited, India
Volvo Research and Educational Foundations (VREF), Sweden

For private circulation only Page 4

Phone: 91-11-26596361, 26596557

  hodtripc@iitd.ac.in
  http://tripc.iitd.ac.in

Transportation Research and 
Injury Prevention Centre
[WHO Collaborating Centre]
Room MS 815 (Main Building)
Indian Institute of Technology Delhi
Hauz Khas, New Delhi-110016
INDIA

CONTACT

Assessing the effects of traffic noise 
exposure on traffic police personnel
Student: Aneek Biswas
Supervisor: Manish Manohare

Impact of heat on last mile delivery riders
Student:Ishika Verma
Supervisor:Deepty Jain

Analyzing jerk events in trucks for safety 
assessment using mobile-based gps speed 
data
Student:Kaushal Shantilal Khivansara
Supervisor:Sai Chand & Rahul Goel

Social Sensing and analytics for crowd 
evacuation planning
Student: Raghav Mahajan
Supervisor: Sai Chand

Simulation-based evaluation of ADAS 
system failures under Indian road 
conditions
Student:Rohith G
Supervisor:Sai Chand

Using big data demand estimation of public 
transport for Delhi
Student:Shivanshu Singh
Supervisor(s):Rahul Goel

Using big data to assess the impact of travel 
patterns on road safety outcomes
Student:Siddharth Prakash
Supervisor:Rahul Goel

Dynamic demand estimation using 
crowdsourced data
Student:Surojit Das
Supervisor:Sai Chand

Impact of noise on motorized two wheelers
Student:Tanisha Singh
Supervisor(s):Deepty Jain & Girish Agrawal

Potential solutions to improve working 
conditions and traffic safety for quick 
commerce delivery riders
Student: Vaibhav Sharma
Supervisors: Deepty Jain and Geetam Tiwari

Heat stress and its impact on behavior of 
women
Student:Kanishka
Supervisor:Deepty Jain

Assessing the impacts of last-mile 
deliveries inside IIT Delhi campus
Student:Prajwal Gudadoor
Supervisor:Lokesh Kumar Kalahasthi

Vehicle route risk assessment for hazardous 
freight under uncertain conditions : A case 
of Delhi
Student:Samridha K
Supervisor:Lokesh Kumar Kalahasthi

MS (RESEARCH) CompletedMS (RESEARCH) - Current - Contd...

PROVISIONAL: The Annual Dinesh Mohan Memorial Lecture
The Annual Dinesh Mohan Memorial Lecture will be delivered by Mark Nieuwenhuijsen, Director of the Climate, Air Pollution, Nature and Urban 
Health Programme, Barcelona Institute for Global Health (date subject to change) on 23rd September 2026 at the TRIP Centre, IIT Delhi.

AUM2026
Re-imagining urban modelling
We are pleased to announce and invite participation to the 2026 Applied Urban Modelling (AUM) symposium, which will be hosted jointly by the 
Department of Land Economy and the Martin Centre for Architecture and Urban Studies, University of Cambridge on 29 June – 1 July 2026. The 
event will be preceded by a two-day seminar on ‘Modelling Active Mobility’ on 26-27 June 2026. https://www.landecon.cam.ac.uk/news/aum2026

AUM2026 is the eleventh in a continuing series of symposia on applied urban simulation models. Since its inception in 2011, the AUM series has 
brought together delegates from a wide range of disciplines, universities, professional institutions, government agencies, international organisations, 
and civic groups from both developed and developing countries.

The preceding event to AUM2026, Modelling Active Mobility, is a two-day seminar that convenes scholars, practitioners, and policy makers to 
discuss the current state and future frontiers of modelling pedestrians’ and cyclists’ interactions with built environments. The preceding seminar is 
sponsored by VREF (Volvo Research and Educational Foundations). Attendance to the pre-conference seminar is optional for AUM participants.
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Extracts from Ph.D. Thesis

USER PERCEPTION BASED PERFORMANCE EVALUATION OF INTERMEDIATE PUBLIC 
TRANSPORT SYSTEM IN SMALL CITY: CASE STUDY WARDHA, MAHARASHTRA, INDIA
Aishwarya Jaiswal

Intermediate public transit (IPT) plays a pivotal role in the mobility 
framework of developing countries. Indian cities, portrayed by rapid 
urbanization and growing population, often face unique challenges in 
providing efficient, affordable, and accessible transit solutions for their 
citizens. IPT, which encompasses a range of semi-formal and informal 
modes such as shared minibuses, autorickshaws, and ride-hailing 
services emerges as a vital component of urban mobility. Its flexibility, 
affordability, and accessibility make it a lifeline for millions of residents 
who rely on it for their daily commutes. Thus, it helps fill the gap between 
the limited availability of formal public transit and the increasing 
transportation demands of the population.

it is important to note that there is no census or official data available 
on the modal share of IPT in small and medium-sized cities; therefore, 
this research addresses a critical gap by focusing on IPT usage in a small 
city context. It has become a vital component of the urban transportation 
system particularly in small and medium-sized cities, where conventional 
public transportation is not adequate and suitable to cater to the mobility 
demands of the travellers. This thesis presents an empirical assessment 
of the existing role of IPT in Indian cities. The existing literature does not 
showcase the role and importance of IPT in small cities that are devoid of 
the formal public transit system. With Wardha as a case-study city, which 
is an emerging Tier-3 city in state of Maharashtra, India, this thesis 
makes a significant contribution to the academic literature as it focuses 
on the needs and perspectives of IPT users in small-sized cities. 

The research carried in this thesis is based on a questionnaire survey 
data collected from the case-study city. The travel survey results for 
Wardha city reveal that 39 percent of work trips are made using IPT, 
emphasizing the importance of this mode of travel in small cities. To 
maintain the existing patronage, it is crucial to understand user 
perception of the service of this shared mobility system. Given the 
infeasibility of high operating costs and lower ridership associated with 
providing formal public transport in small cities, retaining shared mobility 
options is crucial to prevent modal shift to private modes such as two-
wheelers and four-wheelers. Since IPT can fulfill the mobility demands in 
small cities, it is imperative to evaluate the service quality of the system.

It is acknowledged that users' behaviour, satisfaction, and preferences 
regarding mode choice and service use are all influenced by the 
perceived quality of the service. Studies that attempt to determine user 
satisfaction levels (perceived quality of service) provide a valuable tool for 
transportation authorities and IPT operators in developing new marketing 
strategies, interventions required for improving quality of service aimed at 
retaining existing users. The analysis of the relationship between user 
behaviour, satisfaction, and their choice of IPT mode represents another 
contribution of this research. An intriguing finding was that although 
paratransit users in Wardha are not entirely content with the current 
service quality, they still opt for this mode of transportation, possibly 
because they lack access to private vehicles. However, this suggests that 
people may shift to other private modes, such as cars or motorcycles, if 
given the opportunity.

The level of service for IPT is strongly associated with user satisfaction 
and perception, which can significantly impact their overall perception of 
quality. Having a standard benchmark to understand the expectations of 
commuters is crucial for enhancing the level of service, which can include 
improvements in vehicle comfort, service hours, and reliability. These 
enhancements can result in increased satisfaction and demand for IPT 
services. However, existing methodologies for LOS evaluation do not 
specifically address IPT services. This study develops a systematic 
methodology to describe the LOS that users experience when traveling in 
IPT, using psychometrics and psychological scaling theory to convert 
qualitative responses into a quantitative scale. The Level of service index 
is calculated using the Law of Successive Interval Scaling, for service 
quality attributes ranging five levels. The LOS thresholds were 
established for all five paratransit modes. It is worth noting that to develop 
the LOS index, it's essential not just to understand customers' ratings on 

various service attributes, but also the importance they assign to these 
attributes. In this thesis, relative significance of each service quality 
attribute is taken into consideration. The individual LOS thresholds of 
various attributes are used to generate the index for measuring the 
overall level of service for specific IPT modes. This research has 

proposed a LOS index 
based on user 
perception, to assess 
the service quality of 
different paratransit 
modes.

The study offers a 
framework that can help 
policymakers and 
planners assess and 
improve IPT service 
quality in small cities 
using user perception 
and performance 
indicators. It can also 
guide infrastructure 
planning, investment 
decisions, and be 
replicated in other cities 
for broader policy 

applications. This study can be replicated in other cities, serving as an 
ideal case to assess and enhance the service quality of the overall transit 
system in small-sized cities.

The census data for the year 2011 show that the overall share for IPT 
work trips for Wardha district is 4.31%, whereas the sample data for 
Wardha city presents a significantly larger share of 38.6%. This 
underscores the crucial role played by IPT in smaller cities. The present 
study sheds light on the potential and prospects offered by IPT mode. 
This thesis investigates the travel behaviour of people by analyzing the 
choice of mode for travel to work in the city of Wardha, considering 
private vehicles, IPT, and walking, bicycling as alternatives. The 
multinomial logit model results indicate that family size, vehicle 
ownership, and occupational status significantly impact IPT utility. 

Education negatively affects choice of paratransit, with highly educated 
individuals less likely to use IPT. Elderly individuals do not prefer to use 
IPT. The study show that the motorcycle and car owners also use IPT for 
work travel. Gender and occupational status are negatively related to 
private modes and IPT, with females preferring walking or bicycling. In 
small Indian cities, IPT has the highest choice probability (41%) for travel 
to work, followed by private vehicles (30%) and walking/bicycling (28%). 
Further, the thesis examines which specific IPT mode is the most 
preferred choice. This thesis highlights the most influential indicators that 
affect the decision to choose a particular IPT vehicle. The results further 
show that the overall probability of choosing auto-rickshaw (41%) is 
maximum. Further, using a SEM model, this study analyzed data from 
paratransit users to investigate their loyalty towards a specific IPT mode. 
It is important to mention that the personal and travel characteristics of 
passengers may restrict their capacity to remain loyal to a specific mode 
of transportation. Willingness to use IPT was evaluated and the 
commuters appear to be inclined towards utilizing shared taxis and SUVs 
for their future travel needs. Conversely, modes such as auto-rickshaws, 
non-motorized transportation, and larger autos had negative coefficients 
with loyalty indicator. Thus, these modes are likely to have lower 
acceptance rates in the future. This suggests that there is a high 
probability of commuters switching to private modes of transportation in 
the future. It is crucial to understand user behavior and the satisfaction 
they perceive, in order to make better service-quality decisions for IPT 
modes in the present and the future. 
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Epidemiological research indicates that motorcycle helmets significantly 
mitigate the risk of head and brain injuries, though they do not offer complete 
protection. Helmets play a pivotal role in attenuating head acceleration 
during impact.

A standard motorcycle helmet consists of four primary components: the 
outer shell, expanded polystyrene (EPS) liner, comfort liner, and head 
retention system. The liner of the helmet which absorbs the major portion of 
the energy during the impact is made up of crushable foams such as 
expanded polystyrene (EPS). The outer shell of the helmet serves as the 
primary barrier against penetration by sharp objects and facilitates uniform 
distribution of impact forces over the underlying energy-absorbing foam, 
thereby reducing localized stress concentrations and preventing foam 
fracture, allowing it to remain structurally intact as a single unit. The helmet 
shell (refer to Figure 1.1) is fabricated from high-impact polycarbonate or 
engineering plastics such as acrylonitrile butadiene styrene (ABS), both of 
which are selected for their impact resistance and durability.  

Various parts and components of helmet (Figure 1.1).

The primary 
objective of this work 
is to investigate the 
energy-absorbing 
behaviour of the 
expanded 
polystyrene (EPS) 
foam liner under 
oblique impact 
conditions. An 
oblique impact 
occurs when a 
helmet strikes a 
surface at an angle 
rather than making a 
perfectly 
perpendicular 
contact. In real-world 

accidents, this is far more common than a straight impact because the rider 
is usually moving forward and sideways when the head comes into contact 
with the ground, a vehicle, or another object. Such angled impacts generate 
both normal and tangential forces, the latter being responsible for rotational 
acceleration of the head. This sudden rotational acceleration is a major 
contributor to brain injuries such as concussions and diffuse axonal injury, as 
it makes the brain twist within the skull. Traditional helmets drop tests mainly 
evaluate performance against vertical impacts, which means they cannot 
fully assess a helmet’s ability to mitigate rotational forces.  
The research aims to . 
Ÿ Experimentally investigate helmet impact phenomena for different coating 

thickness on the foam and shell . 
Ÿ Perform finite element simulations of oblique impact on a helmet and 

analyse angular accelerations of the head. Compare technologies like 
MIPS and WaveCel helmets and evaluate their mechanisms for 
dissipating rotational motion during impacts. . 

Ÿ Propose a new design for the helmet to reduce angular acceleration using 
two foams of different density and enhance helmet safety by optimizing 
energy distribution and improving head protection in dynamic impact 
scenarios. 

The dynamic response of the head during an impact is governed by 
several critical factors, each contributing uniquely to the kinematic 
parameters that influence injury risk. This research systematically 
investigates the peak linear and rotational accelerations experienced by the 
head under varying impact scenarios, with a focus on optimizing helmet 
design and safety. The study encompasses the following factors: 

Ÿ Effect of anvil inclination angle on head kinematics during oblique impact
Ÿ Impact of friction between helmet shell and anvil on head’s kinematic 

parameters

Ÿ Optimization of foam-head friction for enhanced helmet safety and design
Ÿ Investigating helmet headform size-matching in different impact scenarios
Ÿ Effect of helmet shell thickness on head kinematic parameters
Ÿ Effect of chin strap on attenuating rotational acceleration of the head

In an oblique impact, the inclination angle of the anvil significantly 
influences peak linear and rotational accelerations, with linear acceleration 
decreasing and rotational acceleration peaking at 20˚ before declining for of 
Hybrid III 50th percentile male anthropomorphic headform.
Friction between the helmet shell, anvil, and EPS foams plays a critical role 
in rotational injury risks, while linear acceleration remains largely unaffected. 
In a helmeted impact,out of the various coefficient of friction involved i.e. CoF 
between shell and anvil, CoF between head and foam, the coefficient of 
friction between the head and foam is more sensitive to attenuate the effects 
of rotational motion on the head. Optimizing foam-head friction at a CoF of 
0.1 is key to reducing rotational injuries.  
Helmets come is different sizes as per different population. Helmet wearer 
should choose a helmet of proper fit as loose helmet has a chance of getting 
of the wearers head in case of accidents and loose helmets increases the 
peak linear and peak rotational acceleration of the head during impact. Head 
helmet size mismatch raises injury risks. Helmet chin strap mechanism is 
important part of the helmet assembly as it prevents the helmet from getting 
off from the wearer’s head during accident scenario. However, helmet chin 
strap  mechanism has no significant role to play in attenuating the effects of 
rotational motion
of the head.

The outer part of the helmet i.e., the helmet shells should be made of 
flexible material such as polycarbonate. Also helmet shell should not be 
made too thick as the thicker helmet shells become more stiff and stiff helmet 
shells report higher linear acceleration values during impact testing as 
compared to thinner shells which are more flexible. LineX- coated helmet 
shells enhance the overall stiffness and penetration resistance of the helmet 
due to an increase in Young’s modulus, while also allowing for lightweight 
construction and the possibility of thicker shells. However, the coating slightly 
reduces the yield stress and plasticity of the ABS material. 

MIPS helmet effectively reduces peak angular acceleration (PAA) 
compared to a conventional helmet when the coefficient of friction (COF) 
between the liner and head is low (0.1). The MIPS helmet works on the 
principle of simulating a condition of reduced friction between head and foam 
by inserting a smooth liner between head and EPS foam. The MIPS helmet 
reduces friction by allowing sliding motion between the head and EPS foam, 
but it does not provide enhanced rotational protection in impacts that prevent 
liner slipping. The CoF between the MIPS liner and EPS foam is the most 
significant factor affecting rotational acceleration. The MIPS helmet does not 
reduce PRA during side or front impact and its performance is similar to 
conventional helmet. 

WaveCel with a reusable liner offers enhanced protection against both 
linear and rotational acceleration of the head for low velocity impacts of the 
order of 4.8 m/s but for higher velocity such as 7.5 m/s the WaveCel liner 
gets completely crushed. Although energy absorption is by buckling of the 
walls, multiple folds are not seen in simulations. PET helmet liners as 
compared to polypropylene liner, increase both peak linear and rotational 
acceleration due to increased stiffness. For a drop velocity of 4.8 m/s, the 
WaveCel helmet does not show formation of multiple folds during crushing 
and gives lower PAA and PLA than conventional helmet. 

The DDF design helmet offers enhanced protection from head injury and 
effectively reduces both linear and rotational accelerations, compared to 
conventional helmets without increasing helmet costs. Within the 
conventional thickness limit of 30 mm of EPS foam, significant protection 
against both peak linear and peak rotational acceleration is offered by this 
method. However, if the thickness of the inner foam is increased, further 
reduction in both PLA and PRA of the head is possible. For better 
performance, soft foam of thickness 20 mm in combination with 10 mm hard 
foam is used. The soft foam in DDF undergoes large shear deformations and 
reduces PRA. 

COMPUTATIONAL STUDIES USING FINITE ELEMENT ANALYSIS FOR MITIGATING HEAD INJURIES 
DURING HELMETED IMPACTS
Manish Kumar

Extracts from Ph.D. Thesis
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