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Abstract

Pedestrian safety is a defining measure of urban street quality because streets are not only movement
corridors but also public spaces used for walking, waiting, trading, social interaction, access to
transit, and everyday mobility. Yet pedestrians remain vulnerable where street design prioritises
vehicle speed, long crossing distances, discontinuous footpaths, poor visibility, and inconsistent
control of traffic at conflict points. This paper examines the relationship between urban street design
and pedestrian safety through a structured review and conceptual analysis of planning, traffic-
engineering, public-health, and road-safety literature.

The study considers how street geometry, operating speed, sidewalk continuity, crossing design,
intersection treatment, lighting, land-use intensity, parking management, public-transport access,
universal-design features, and traffic-calming measures influence pedestrian exposure and injury
risk. Particular attention is given to the distinction between a street that is technically walkable and a
street that is genuinely safe, legible, comfortable, and accessible for children, older adults, persons
with disabilities, and people making short daily trips.

The review indicates that pedestrian safety improves when streets use a safe-system approach: vehicle
speeds are managed, conflict points are simplified, crossing distances are reduced, sidewalks are
continuous and unobstructed, and street environments support predictable interaction among all road
users. Raised crossings, refuge islands, curb extensions, compact intersections, protected waiting
areas, street lighting, visible markings, and transit-oriented pedestrian networks can reduce risk when
they are designed as part of a connected street system rather than as isolated interventions.

The paper concludes that pedestrian safety should be embedded in urban street design from the
earliest planning stage. Effective policy must combine design standards, maintenance, enforcement,
speed management, data-led safety audits, community participation, and equity-sensitive
implementation. The findings provide a practical framework for planners, municipal authorities,
engineers, researchers, and decision-makers seeking to make everyday urban movement safer and
more inclusive.

Keywords: Urban Street Design, Pedestrian Safety, Walkability, Traffic Calming, Safe Crossings,
Sidewalks, Road Safety, Complete Streets, Universal Design, Sustainable Mobility

1. INTRODUCTION

Urban streets structure daily life. They provide
access to homes, schools, workplaces,
markets, health facilities, public transport, and
civic spaces. For pedestrians, the street
environment determines not only whether a
destination can be reached on foot but also
whether that journey can be made safely,
comfortably, and with dignity. In rapidly
urbanising  cities, walking remains a
fundamental travel mode even where
motorisation is increasing. However, street
systems frequently continue to be designed
around vehicle throughput rather than the
safety of people moving at walking speed.
Pedestrian injuries and fatalities are strongly
connected with the physical and operational
features of streets. Wide carriageways, high

design speeds, multiple turning movements,
long signal cycles, informal parking, missing
footpaths, poor lighting, and inadequate
crossings increase the exposure of pedestrians
to conflict with motor vehicles. The risk is not
distributed equally. Children, older persons,
persons with disabilities, low-income workers,
school students, and transit users are more
likely to rely on walking and are often most
affected by unsafe street conditions.

Urban street design influences safety through
several pathways. Geometry shapes the speed
at which drivers feel comfortable travelling.
Intersection layout determines the number and
complexity of conflict points. Sidewalk quality
determines  whether  pedestrians  remain
separated from moving vehicles. Crossing
facilities determine how long pedestrians are
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exposed in the carriageway. Land-use patterns
and public-transport stops affect where people
choose or need to cross. Lighting, signage,
visibility, and maintenance affect whether
users can interpret the environment and make
safe decisions.

Traditional approaches to pedestrian safety
often focus on individual behaviour, such as
encouraging pedestrians to use crossings or
drivers to obey traffic rules. These measures
are necessary but incomplete. A safe-system
perspective recognises that human error is
inevitable and that streets should therefore be
designed so that mistakes do not result in
severe injury or death. This means reducing
kinetic energy through speed management,
providing forgiving road environments, and
protecting the most vulnerable road users at
predictable conflict points.

The objective of this paper is to examine how
urban street design affects pedestrian safety
and to identify practical design measures that
can reduce risk while strengthening
walkability and inclusive access. The paper
reviews major theoretical and empirical
contributions, identifies the object of study,
describes a review-based methodology,
analyses key design mechanisms, and
discusses policy implications for safer urban
mobility.

2. LITERATURE REVIEW

The literature on pedestrian safety combines
insights from traffic engineering, urban design,
transport planning, public health, behavioural
research, and road-safety policy. A common
conclusion is that pedestrian risk is not
produced by a single factor. It emerges from
the interaction of wvehicle speed, traffic
volume, street geometry, crossing opportunity,
land use, visibility, road-user behaviour, and
the quality of pedestrian infrastructure. Urban-
design scholarship further argues that street
form influences both the likelihood of walking
and the conditions under which walking
occurs.

A central theme is the relationship between
vehicle speed and injury severity. When motor
vehicles travel faster, drivers have less time to
perceive and react to pedestrians, braking
distances increase, and the physical
consequences of a collision become more
severe. Street elements such as narrow lanes,
raised intersections, frequent crossings, street
trees placed appropriately, curb extensions,
and compact junctions can communicate a
lower-speed environment and support speed
management. The design of the street therefore
acts as a continuous signal about expected
driver behaviour.

Another major theme is the importance of
crossing design. Pedestrians are exposed to
greatest risk when they must cross wide,
multi-lane roads without a protected or clearly
marked route. Research on engineering
countermeasures highlights the value of
median refuges, curb extensions, pedestrian
signals, raised crosswalks, adequate waiting
areas, improved visibility, and controlled
turning movements. However, the suitability
of each measure depends on traffic speed,
volume, road width, pedestrian demand,
surrounding land use, and the presence of
transit stops or schools.

The literature also identifies the role of
network continuity and social context. A high-
quality crossing is less useful when sidewalks
do not connect to it, when vendors or parked
vehicles block the pedestrian path, or when
street lighting and surveillance are poor.
Public-space approaches emphasise that a safe
street is not only a roadway with safety
hardware; it is a legible and inclusive place in
which movement, access, and activity can
coexist. Recent safe-system guidance therefore
promotes a  combination of  speed
management, safer infrastructure, vehicle
safety, post-crash response, and institutional
responsibility.

TABLE 1: SUMMARY OF KEY LITERATURE ON URBAN STREET DESIGN AND

PEDESTRIAN SAFETY

Design or
S. Author(s) / Safety Study Context Key Contribution
No. Year

Focus
Traffic safety Urban road Shows that lower vehicle exposure and
1 Jacobs (1993) and street more connected, slower street networks can
networks :
networks improve safety outcomes.

The University Academics: Under the Aegis of Swarn P3 Pvt. Ltd.

42

Peer-Reviewed Journal




Ak

¥,
A#,ﬂ
N2 2 =4

S «\\\ 'QhrJ
&30
S0

l v
e

P o

(\
ty. \&’

1%

. Global Insight Journal

E-I1SSN: 3084-0252 | P-ISSN: 3084-0260
Volume: 01, Issue: 04, Oct-Dec 2021

Multidisciplinary Research across
Science, Technology, Humanities,
and Social Sciences
www. globalinsightsjournal.com

Dumbauah Street design Urban arterial Links conventional road design choices
2 (2005)9 and crash roads with crash risk and highlights the safety
patterns value of context-sensitive design.
Ewing & _Bmlt Planning and Reviews how roadway design, land use, and
3 Dumbaugh environment transport urban form influence traffic safet
(2009) and safety research Y
i Explains how continuous pedestrian
4 Southworth Walkaple city Urban design | networks, comfort, and connectivity support
(2005) design .
walking.
Safety in Walking and Suggests that higher levels of walking can
5 Jacobsen (2003) y cycling be associated with lower individual risk
numbers . "
exposure under supportive conditions.
6 Retting et al. coiz%é?rie;;rslgre eggg; ri]an Reviews traffic-engineering measures that
(2003) s P safety can reduce pedestrian crashes and injuries.
Crosswalk Finds that crossing safety depends on speed,
7 Garder (2004) treatment and | Urban crossings | vehicle flow, pedestrian volume, and site
speed design.
s Connects network patterns, connectivity,
8 Ggﬂrfi::sﬁ ?Izlo‘i‘l) Strezt:egietxvork US cities and roadway design with safety
g performance.
9 Rosen & Sander Impact speed Pedestrian Demonstrates the steep increase in fatality
(2009) and fatality risk collisions risk as vehicle impact speed rises.
Urban street Provides practical design tools for safer
10 | NACTO (2013) . . City streets crossings, lane management, and pedestrian
design guidance priority
Frames road safety as a shared-system
11 OECD/ITF Safe-syst(_am City road safety | responsibility with emphasis on vulnerable
(2018) urban policy
road users.
. Reinforces the importance of safer speeds,
12 WHO (2023) Global road Inter_natlonal infrastructure, legislation, and
safety evidence . . .
implementation capacity.

3. OBJECT OF STUDY

The object of this study is urban street design
viewed through the lens of pedestrian safety.
The analysis focuses on the physical,
operational, and perceptual conditions that
shape pedestrian exposure to traffic risk during
everyday trips. It considers both the immediate
location of a pedestrian interaction, such as a
crossing or intersection, and the wider street-
network conditions that influence speed, route
choice, traffic volume, and access to
destinations. The study examines how design
factors interact with user characteristics and
urban conditions. Principal design factors
include carriageway width, lane configuration,
operating speed, sidewalk width and
continuity, crossing distance, median design,
corner radius, intersection control, lighting,
parking layout, transit-stop placement, surface
guality, and accessibility features. User-related
considerations  include  age, mobility

limitations, trip purpose, confidence, walking
speed, and exposure to congestion or informal
street activity.
In addition, the study considers institutional
and implementation factors that influence
whether safety-oriented designs are sustained
over time. These include maintenance,
enforcement, street-vending management,
construction-zone  protection,  road-safety
audits, crash-data systems, public
participation, and coordination among
planning, engineering, police, health, and
transport agencies. The aim is to develop a
balanced framework that treats pedestrian
safety as a design, governance, and equity
issue rather than a narrow traffic-control
problem.
KEY POINTS OF OBJECT OF STUDY
+ To examine how street geometry and
operating speed influence the severity and
likelihood of pedestrian conflicts.
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« To analyse the role of sidewalks,
crossings, medians, curb extensions, and
intersection design in reducing pedestrian
exposure.

« To assess how lighting, markings,
visibility, and legibility affect pedestrian
confidence and safe decision-making.

» To investigate the needs of children, older
adults, persons with disabilities, transit
users, and other vulnerable pedestrians.

» To consider how parking, loading, street
vending, construction activity, and
maintenance affect the usable pedestrian
realm.

TABLE 2: OBJECT OF STUDY FRAMEWORK

» To compare isolated safety treatments
with  corridor  and network-level
approaches to pedestrian protection.

» To study how land-use intensity, public-
transport access, and activity patterns
influence crossing demand and route
choice.

» To evaluate the role of traffic calming,
safe speeds, and street redesign in
preventing severe injuries.

- To identify governance, data,
enforcement, and participation
mechanisms that support durable safety
improvements.

» To develop a conceptual framework for
inclusive, safe, and walkable urban streets.

S.

No. Study Component

Description

Purpose

1 Pedestrian Exposure

Walking routes, crossing

frequency, waiting time,

and proximity to moving
traffic

Understand where and when
pedestrians face traffic
conflict

Carriageway width, lane

Assess how physical form

2 Street Geometry count, corner radius, influences speed and crossing
medians, and alignment distance
. Sidewalks, ramps, tactile Evaluate protection,
3 Pedestrian surfaces, crossings, refuge continuity, and universal
Infrastructure ' ! ’

islands, and lighting

accessibility

4 Speed Environment

Design speed, operating
speed, calming measures,
and enforcement

Identify interventions that
reduce impact severity

Intersection and
Crossing Design

Signals, markings, turning
5 . . movements, phasing,
visibility, and waiting areas

Examine the highest-risk
conflict locations

Land Use and

Schools, markets, transit

Recognise pedestrian demand

Governance and
Maintenance

6 Activi stops, mixed use, vending, | created by surrounding urban
ctivity - .
and parking demand activity
Audits, repairs, Assess whether safety

7 . enforcement, data systems, | features remain effective over
and agency coordination time

Safety and Inclusion

8 Outcomes

Crash reduction, comfort,
access, confidence, and
equitable mobility

Connect design quality with
public safety and social
participation

4. RESEARCH METHODOLOGY

This paper uses an explanatory and integrative
review design. Rather than collecting a new
primary survey, it synthesises foundational
theories, peer-reviewed empirical studies,
urban-design guidance, road-safety reports,
and professional practice documents related to
pedestrian risk and street design. The approach

is appropriate because the research question
concerns the mechanisms through which
design decisions shape safety across diverse
urban settings, user groups, and transport
systems.

The review is organised around five analytical
domains:  street geometry and speed;
pedestrian-network continuity; crossing and
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intersection design; visibility, accessibility,
and public-space quality; and institutional
delivery through audits, maintenance, and
governance. Sources are considered for the
design problem addressed, the setting studied,
the safety mechanism identified, and the
implications for planning and implementation.

The analysis gives special attention to

measures that reduce serious-injury risk rather

than merely improving visual appearance or
perceived walkability.

To preserve conceptual clarity, the paper

distinguishes between pedestrian activity,

crash frequency, injury severity, perceived
safety, and accessibility. A street may attract
more walkers because it is well connected, yet
still present risks if motor-vehicle speed and
crossing design are poorly managed. Likewise,

a reduction in recorded crashes may reflect

lower pedestrian activity or under-reporting

rather than an improved environment.

Interventions are therefore discussed in

relation to exposure, severity, equity, and

long-term usability.

4.1 RESEARCH DESIGN

» Study Type: Explanatory and literature-
based research.

» Approach: Integrative review and
conceptual synthesis.

» Unit of Analysis: Urban street segments,
intersections, crossings, and pedestrian
travel environments.

* Primary Design Domains:  Speed
management, sidewalks, crossings,
intersection  geometry, lighting, and
universal design.

» Urban Context Variables: Land use, traffic
volume, public transport, parking,
pedestrian demand, and maintenance
conditions.

« Outcome Variables: Pedestrian exposure,
crash risk, injury severity, comfort,
accessibility, and perceived safety.

» Ethical Position: No personal or human-
subject data were collected for this study.

4.2 METHODOLOGICAL STEPS

» Step 1. Define pedestrian safety as a
street-system outcome involving design,
operation, maintenance, and user needs.

» Step 2: Identify major design variables
associated with pedestrian exposure,
conflicts, and injury severity.

» Step 3: Review evidence from urban
streets, intersections, school zones, transit
corridors, and mixed-use activity areas.

« Step 4: Classify interventions by
mechanism, such as speed reduction,
separation, visibility, crossing support, or
accessibility.

» Step 5: Compare reported outcomes
related to crashes, injury severity, yielding
behaviour, walkability, and user comfort.

» Step 6: Interpret findings in relation to
vulnerable-user needs, traffic conditions,
and local implementation capacity.

» Step 7: Identify limitations, including
variation in data quality, design standards,
and urban context across cities.

» Step 8: Develop planning and design
implications  that integrate  safety,
inclusion, mobility, and public-space
quality.

5. DATA ANALYSIS
The data analysis is based on qualitative
synthesis of the reviewed literature and design
guidance. The evidence is interpreted by
tracing how a street-design feature affects the
probability that pedestrians will encounter a
conflict, how long they remain exposed to
traffic, whether drivers can perceive and yield
to them, and how severe a crash is likely to be
if it occurs. The analysis does not report newly
collected crash observations; instead, it
consolidates  recurrent patterns in the
relationship  between street form and
pedestrian safety.

Across the reviewed studies, the consistent

conclusion is that pedestrian safety is not

determined by user caution alone. People
benefit when the desired action is easy to
understand, when crossings are located where
people actually need them, when motor speeds
are compatible with pedestrian survival, and
when footpaths are continuous and accessible.

The following sections organise the analysis

around four design mechanisms that are

especially influential in urban pedestrian
safety.
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Graph 1. Conceptual Priority of Street Design Measures for Pedestrian Safety
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Graph 1. Conceptual Priority of Street Design Measures for Pedestrian Safety
Note: The graph presents a conceptual synthesis of recurring priorities in the reviewed design and

safety literature. It is not a statistical estimate from a single primary dataset.

5.1 STREET GEOMETRY, SPEED, AND
CONFLICT SEVERITY

Vehicle speed is one of the most consequential
factors in pedestrian safety because it affects
both crash likelihood and injury severity. Wide
lanes, long straight sections, large corner radii,
and roadway designs that communicate high-
speed movement can encourage drivers to
travel faster than is appropriate for active
urban environments. Even when a posted
speed limit is low, street geometry may
communicate a different expectation to
drivers. A pedestrian-safe street therefore
requires consistency between its intended
speed, its physical form, and its surrounding
land use.

Traffic-calming measures work by altering the
operating environment rather than relying only
on signs. Raised tables, speed humps,
chicanes, compact intersections, narrowed lane
widths, curb extensions, gateway treatments,
and streetscape features can reduce speed and
increase driver attention. These measures
should be selected carefully. A treatment that
works on a residential street may be unsuitable
on a bus corridor or emergency route unless it
is designed to accommodate vehicle operations
while still maintaining a safe pedestrian speed
environment.

KEY OBSERVATION:

» Safer pedestrian environments depend on
operating speeds that are compatible with
human survival and reaction time.

» Street geometry can either reinforce or
undermine formal speed-limit rules.

«  Speed-management measures are strongest
when applied consistently across a
corridor or neighbourhood rather than at
isolated points.

5.2 SIDEWALK CONTINUITY,
ACCESSIBILITY, AND EVERYDAY
WALKING
Sidewalks are the basic protective layer of the
pedestrian network. A usable sidewalk must be
continuous, adequately wide, well maintained,
free of unnecessary obstructions, and
connected to crossings, transit stops, building
entrances, and side streets. Discontinuous
paths force pedestrians into the carriageway,
while broken surfaces, open drains, poorly
designed ramps, and encroachments create
particular barriers for wheelchair users, older
adults, children, persons carrying goods, and
people with visual impairments.

Universal design strengthens safety because it

improves the predictability of the walking

environment. Tactile guidance, kerb ramps,
appropriate  gradients, non-slip surfaces,
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audible signals where justified, resting

opportunities, shade, and accessible waiting

areas allow a broader range of users to
navigate the street. These elements should not
be treated as optional add-ons. When

incorporated from the start, they reinforce a

street system that is safer, more comfortable,

and more inclusive for everyone.

KEY OBSERVATION:

» A crossing cannot be considered safe if
pedestrians cannot reach it through a
continuous and accessible footpath.

* Maintenance, drainage, utility work,
parking, and street-vending management
affect the real usable width of a sidewalk.

» Universal-design features improve safety
by reducing uncertainty and physical
barriers for a wide range of users.

5.3 CROSSINGS, INTERSECTIONS, AND
TURNING MOVEMENTS
Crossings and intersections are concentrated
conflict zones because they bring pedestrians,
through vehicles, turning vehicles, cyclists,
transit users, and curbside activity into close
proximity. The safety challenge increases
where streets are wide, turning radii are large,
signal phases are short, pedestrian waiting
areas are inadequate, or vehicles are permitted
to turn at speed. Pedestrian design should
therefore start by identifying desire lines: the
routes people naturally use to reach schools,
markets, transit stops, parks, and building
entrances.
Curb extensions shorten crossing distance and
improve visibility by bringing pedestrians
closer to the edge of moving traffic. Refuge
islands reduce exposure by allowing crossings
to be completed in two stages. Raised
crossings and compact corner design can slow
turning vehicles. Signal timing, leading
pedestrian intervals, accessible push buttons,
visible markings, and protected waiting spaces
can further improve clarity. However, marked
crossings alone may be insufficient on wide or
fast roads if they are not supported by speed
management and suitable control measures.

KEY OBSERVATION:

» Pedestrian safety depends on matching
crossing treatment to speed, width,
volume,  pedestrian  demand, and
surrounding activity.

* Reducing turning speed is a central
intersection-safety objective, not merely a
traffic-flow consideration.

» Pedestrian desire lines should inform
crossing location; otherwise, people may
be forced to make unsafe informal
crossings.

54  VISIBILITY, ACTIVITY, AND
EQUITABLE STREET MANAGEMENT
Visibility is a combined outcome of lighting,
sight distance, street activity, parking
management, signage, landscaping, building
edges, and the location of loading or vending.
Poor visibility can prevent drivers from seeing
a pedestrian in time and can also reduce a
pedestrian’s sense of personal security. Street
lighting should illuminate footpaths, crossings,
waiting areas, and transit stops rather than
concentrating only on the carriageway. At the
same time, signs, utility boxes, hoardings, and
parked vehicles should not obstruct the visual
relationship between pedestrians and drivers.
Street activity must be managed with an
equity-sensitive approach. Markets, vendors,
informal employment, public transport, and
small businesses generate walking demand and
contribute to active streets. Removing activity
without providing alternatives may reduce
livelihoods while failing to solve the
underlying design problem. More durable
solutions provide clear pedestrian movement
zones, organised loading areas, designated
vending spaces where appropriate, and safe
transit access. The objective is not to eliminate
urban activity but to design a street where
activity and movement can coexist safely.

KEY OBSERVATION:

» Pedestrian safety includes both traffic
safety and the ability to use streets without
avoidable fear or obstruction.

» Lighting, visibility, and clear curbside
management are especially important
around transit stops, schools, markets, and
mixed-use streets.

* Equitable safety programmes should
protect pedestrians while recognising the
mobility and livelihood functions of public
streets.

6. DISCUSSION

The reviewed literature demonstrates that

pedestrian safety is jointly shaped by urban

design, traffic operation, user behaviour, and
institutional capacity. Conventional traffic
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engineering remains important for signal
timing, capacity analysis, and intersection
control. However, a pedestrian-centred
approach adds a wider question: does the street
allow people to move safely and
independently across age, gender, income, and
ability? This question cannot be answered only
by counting vehicle lanes or measuring delay
for motor traffic.

Street design can either reduce or amplify the
consequences of human error. A pedestrian
may misjudge a gap, a driver may be
distracted, a child may step unexpectedly into
the road, or a person with limited mobility
may need more time to cross. A safe system
acknowledges these realities and provides
lower speeds, shorter crossings, forgiving
geometry, clear information, and physical
protection. The most defensible interventions
are those that reduce severe-injury risk even
when every road user does not behave
perfectly.

The discussion also highlights the need to
evaluate pedestrian interventions carefully. A
new footpath should be assessed not only for
its construction quality but also for continuity,
shade, drainage, access to properties, and
protection during utility work. A new crossing
should be assessed for driver yielding, signal
timing, lighting, accessibility, and whether it
corresponds to observed pedestrian demand.
Road-safety audits and post-implementation
reviews can identify design gaps before they
become routine hazards.

For municipal authorities, the practical
implication is to integrate pedestrian safety
into every street project, including resurfacing,
drainage, parking management, transit
improvements, redevelopment, and smart-city
works. Safe pedestrian design is not
necessarily a separate high-cost programme.
Many improvements can be delivered when
routine projects use clear design standards,
coordinate agencies, involve users, and protect
walking routes during construction. At the
same time, corridor redesign and network-
level investment are needed for locations
where existing conditions create persistent
severe risk.
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