
The Manual for Streets: evidence and
research

Prepared for Traffic Management Division, Department

for Transport

I York, A Bradbury, S Reid, T Ewings and R Paradise

TRL Report TRL661



ii

First Published 2007
ISSN 0968-4107
ISBN 1-84608-660-4
Copyright Transport Research Laboratory, 2007.

This report has been produced by TRL Limited, under/as part of
a contract placed by the Department for Transport. Any views
expressed in it are not necessarily those of the Department.

TRL is committed to optimising energy efficiency, reducing
waste and promoting recycling and re-use. In support of these
environmental goals, this report has been printed on recycled
paper, comprising 100% post-consumer waste, manufactured
using a TCF (totally chlorine free) process.



iii

CONTENTS

Page

Executive Summary 1

Acronyms 3

1 Introduction 5

1.1 Manual for Streets 5
1.2 Design Bulletin 32 6
1.3 Underlying research 6
1.4 Report structure 6

2 Review of existing literature 7

3 Site selection and measurement 9

3.1 Site selection 9
3.2 CAD measurements 9
3.3 Site surveys 11

4 Speeds and geometry data site ranges 11

4.1 Outliers 12
4.2 Variation within the data 13

5 Speed adaptation 15

5.1 Link speeds 15
5.2 Junction speeds 16

6 Modelled safety impacts 18

6.1 Braking modelling 18
6.2 Stopping distances on links 18
6.3 Stopping distances at junctions 19
6.4 Implications of modelled situations 20

7 Observed safety 21

7.1 Belgravia 21
7.2 Accidents at junctions 22
7.3 Accidents on links 23

8 Household survey 24

8.1 Sampling 24
8.2 Sample composition 25



iv

Page

9 Residents opinions 26

9.1 Streetscape 26
9.2 Parking 27

9.2.1 Car use and off-street parking 27
9.2.2 Parking problems 28
9.2.3 Parked vehicles 28
9.2.4 Respondents’ issues with parking in their street 29

9.3 Main safety concerns 30
9.4 Road safety 31

9.4.1 Walking and cycling safety 32
9.4.2 Safety of children 32
9.4.3 Improving road safety in residential streets 33

9.5 Accidents 33
9.6 Non-motorised vs. Motorised users: Access 34
9.7 Footways 34
9.8 Summary of household survey findings 34

10 Testing of network layout using SafeNet 35

10.1 Junction spacing 35
10.1.1 Analysis 36
10.1.2 Overall results 38

10.2 Crossroads analysis 38

11 Conclusions 38

12 Acknowledgements 40

13 References 40

Appendix A: Literature review 43

Appendix B: Case study sites 61

Appendix C: Braking distance matrix 82

Appendix D: Household survey questionnaire 85

Abstract 89

Related publications 89



1

Executive Summary

! Conflicting movements at junctions result in a higher
number of accidents, but geometry can lower speeds
which reduce both the likelihood and severity of
accidents.

! Stopping distances on links and at junctions have a
margin of safety down to a visibility of around 20 m in
the environments studied, unless other speed reduction
features are incorporated.

! The sites included roads with a range of surface types,
varying use of speed restriction measures, different
levels of on-street parking and a range of forward
visibilities. The results are consequently applicable to a
wide range of developments throughout the UK.

! Parking was found to reduce speeds on links and at
junctions by 2 to 5 mph. That is, drivers react to the
perceived danger by reducing their speed. The effect of
this on safety is unclear. Reducing speed increases
relative safety, but parked vehicles reduce lines of sight
and can consequently obscure (crossing) pedestrians.
There was no clear indication that this resulted in higher
numbers of casualties from the accident statistics
analysis. However, many of the reported accidents from
the household survey were related to parked vehicles.

! The largest effect on speeds was found to be associated
with reducing lines of sight. A reduction from 120 to 20
metres reduced approach speeds by approximately 20 mph
on links and 11 mph at junctions. Modelling has shown
the reduction in approach speed should result in sight
distances of 40 metres being safe, i.e. there is an
acceptable safety margin to stop should a danger present
itself. However, the margin of safety becomes rapidly
smaller below 40 metres.

In addition, a household survey was undertaken to
obtain the residents’ opinions of their streets at the twenty
case study sites. This was to determine ‘user satisfaction’
of a variety of residential street layouts, and to consider
residents’ transport needs alongside their perceptions of
safety and sustainability of their streets. Three hundred
household questionnaires were returned for analysis to
explore the relationship between resident perceptions of
road safety and highway geometries.

With respect to the perceptions of residents surveyed,
the following can be concluded:

! Across the sites there were mixed reactions to whether
personal, or road, safety issues were of most concern.
Residents at DB32 compliant sites considered personal
safety (in relation to crime) to be of the greatest concern,
but this was not the case at other sites. It is unclear
whether this was owing to higher crime rates at the
DB32 sites, the perception of road safety at other sites,
or a combination of both these factors. However, overall
nearly half the respondents considered road safety to be
the main issue, compared with nearly 30% who
considered personal safety to be the highest concern.

Demand for the Manual for Streets emerged from the
Government research report Better Streets, Better Places
(ODPM, 2003), which was commissioned to establish
whether there are any problems over the adoption of new
highways meeting the requirements of Planning Policy
Guidance Note 3, Housing (PPG3). This document focused
on new residential streets and identified highway standards
as a barrier to placemaking in the UK. The report
concluded with a recommendation for development of a
Manual for Streets to replace Design Bulletin 32 (DB32)
with an updated set of design guidelines for local roads to
provide a catalyst for innovative design that emphasises
place over movement.

The resulting Manual for Streets is a guide to the
design, construction, adoption and maintenance of new
streets whose aim is to deliver streets that help strengthen
communities, are pleasant and attractive, are cost-
effective to construct and maintain, and are safe. The
Manual for Streets has updated geometric guidelines for
low trafficked residential streets, examined the effect of
the environment on road user behaviour, and drawn on
practice in other countries.

This research undertaken by TRL provides the evidence
base upon which the revised geometric guidelines in the
Manual for Streets are based, including:

! Link widths.

! Forward visibility.

! Visibility splays.

! Junction spacing.

In order to obtain primary data for examining the
relationships between geometry, the environment, speed,
and casualties, twenty survey sites were selected
throughout the UK comprising a mixture of new build,
Commission for Architecture and the Built Environment
(CABE) good practice, DB32 compliant and historic
(pre-war) street layouts, to produce a wide range of
development type to ensure the results were applicable to
many developments within the UK. Methods adopted to
collect data included measurement of X- and Y-distances
at junctions, visibility on links, road width, manual and
automated speed data readings and observations on
parking, signing, lining, and traffic calming. 190 links
and 77 junctions were included in the research.

The headline findings from the site surveys can be
summarised as follows:

! Lower vehicle speeds are associated with reduced road
width and reduced visibility, both on links and at
junctions.

! Site type (for example historic, new build, DB32
compliant etc) is not a significant determinant of speed.
Junction and link geometries are the important variables.

! Speed is known to be a key factor for road safety. The
findings of this research are consistent with this fact,
indicating that higher speeds on links increase the
likelihood of injury and its severity.
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These results have been integrated into the Manual for
Streets in the form of appropriate standards for residential
street design, and will become the focus for Government
guidance on new residential streets.
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Acronyms

ATC Automatic Traffic Count

CABE Commission for Architecture and the Built Environment

CAD Computer Aided Design

DB32 Design Bulletin 32

DCLG Department for Communities and Local Government

DEFRA Department for the Environment, Food and Rural Affairs

DETR Department for the Environment, Transport and the Regions

DfT Department for Transport

DPH Dwellings per hectare

HA Hectare

MfS Manual for streets

MPH Miles per hour

ODPM Office of the Deputy Prime Minister

PPG Planning Policy Guidance

SafeNet Software for Accident Frequency Estimation for Networks
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1 Introduction

The Manual for Streets (MfS) is intended to consolidate the
necessary components for effective street design into a
single source of information. The MfS builds upon and
updates the guidance contained in Design Bulletin 32
(DB32) and its companion guide ‘Places Streets and
Movement: A Companion Guide To Design Bulletin 32,
Residential Roads and Footpaths’. Its aim is to provide
guidance for practitioners who will shape the developments
of the future. It is therefore intended for:

! Developers.

! Local highway authorities.

! Local planning authorities.

! The emergency services.

! Utility and drainage companies.

! Access officers.

! Public transport providers.

! Architects.

! Highway engineers.

! Landscape architects. 

! Town planners.

! Transport planners.

! Urban designers.

1.1 Manual for Streets
The Manual for Streets has been designed to recognise the
full range of design criteria necessary for the delivery of
multi-functional streets, assisting practitioners in making
informed decisions relating to appropriate street design. The
Manual will initially cover the design considerations for
residential streets and other lightly trafficked local roads.

The Manual deals with underlying values that can be
creatively deployed by practitioners in order to pursue the
Government’s ‘placemaking’ agenda of individually
distinctive localities, while ensuring streets remain
functional and safe. The Manual for Streets was prepared
against a backdrop of sustainable development guidance
and initiatives, including the Department for Communities
and Local Government’s Communities Plan ‘Sustainable
Communities: Building for the Future’ (ODPM, 2003b) to
ensure that it facilitates the long-term sustainability of
streets, and contributes to an enhanced sense of place.

The Manual for Streets supports the objectives of the
Government’s commitment to sustainable development as
expressed in ‘A Better Quality of Life: A Strategy for
Sustainable Development in the United Kingdom’ (DETR,
1999) and in the latest document on delivering the UK’s
sustainable development strategy ‘Securing the Regions’
Futures: Strengthening Delivery of Sustainable
Development in the English Regions’ (DEFRA, 2006).
This will ensure that residential streets meet the needs of
all street users, not just motorised vehicles.

1.2 Design Bulletin 32
The document DB32 was used to assist in designing new
housing developments. It was created to remove the

restrictive criteria imposed in the post-war period that
resulted in a high degree of conformity between estates
within the UK. Its purpose was to permit a more flexible
approach to design that enabled developments to be better
tailored to the requirements of residents, for example
Home Zones in which a variety of techniques (speed
reductions and surface treatments) are used to create a
greater impression of shared space.

However, a number of requirements are included to
ensure safety of pedestrians and road users within the
estate. These include minimum sight distances in order that
vehicles travelling at a design speed are able to react to a
danger and safely stop. The sight distances are specified
for an observer’s eye being between 1.05 and 2 metres
above ground level and in the case of a junction, the car
being 4.5 metres from the stop line. The required visibility
distances are summarised in Table 1.1, and Figure 1.1.

However, according to ‘Places Streets and Movement:
A Companion Guide To Design Bulletin 32, Residential
Roads and Footpaths’ these should be extended to 45 m
in a 20 mph zone and 90 m in a 30 mph zone to allow
for drivers exceeding the speed limit by up to 10 kph
(Table 1.2). Also the Y-distance should be measured for
vehicles at the following distances from the stop line on
the minor arm of the junction:

! 9.0 m: The normal requirement for major new junctions
and for the improvement of existing junctions
between access roads and district or local distributor
roads - for instances where the minor road is busy.

! 4.5 m: For less busy minor roads and busy private
access points.

! 2.4 m: The minimum necessary for junctions within
development to enable a driver who has stopped
at a junction to see down the major road without
encroaching onto it.

! 2.0 m: For single dwellings or small groups of up to half
a dozen dwellings or thereabouts.

Table 1.1 DB32 visibility (Y) distances for different
design speeds

Speed ( mph) 5 10 15 20 25 30

Speed (kph) 8 16 24 32 40 48

Distance (metres) 6 14 23 33 45 60
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Figure 1.1 DB32 visibility (Y) distances for different
design speeds
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Consequently, consider a residential area with a 30 mph
limit. A driver on a minor road approaching a junction
should be able to see vehicles at a distance of 60 to 90
metres from the junction on the major road depending on
whether the drivers on the major road remain within the
speed limit. Further, they should have this field of view for
a distance of 4.5 metres before the junction if showing
caution, or 2.4 metres if they are stopping at the junction.

These calculations assume a design speed and the
standard stopping model of a driver when presented with a
danger: i.e. permitting a reaction time and then assuming
the driver will apply a constant braking force. However,
the situation can be considered from the opposite direction.

If sight lines are reduced below the recommendation in
these guidelines, do drivers react to the lack of visibility?
Suppose drivers reduce their speed when encountering
reduced lines of sight and therefore increased risk. This
could, in effect, result in the housing development being as
safe as one with greater lines of sight and promote lower
speeds. That is, the reduction in speed could still permit
them to stop the same distance before a hazard even
though they see it when it is closer to them.

1.3 Underlying research
TRL has performed research into identifying and
investigating design elements whose impact was not fully
understood, and in particular those not previously based on
rigorous research. The study initially performed a literature
review of local authority design guides: 32 were included.
These indicated designs were constrained by the following
critical aspects of highway geometry:

! Link widths.

! Forward visibility.

! Visibility splays.

! Junction spacing.

Little robust research supporting the DB32 standards
was found in the review. Furthermore, the identified
research did not explore detailed design elements, such as
geometric dimensions.

The review revealed the majority of the local
authorities complied with, and recommended, the same
standards as DB32. Where standards differed, they were
generally more stringent than those in DB32. As
expected, road safety was the most significant barrier to
the adoption of standards with relaxed values of width
and visibility.

This research therefore aimed to assist in setting the
design standards for MfS and to inform its development
with respect to road widths, visual splays, parking, and
removal of road markings. In particular, it aimed to:

! Examins the relationship between driver behaviour and
highway geometry.

! Establish the safety of roads which do not meet DB32
standards in terms of casualty numbers, driver behaviour
and resident perceptions.

! Investigate highway layouts to determine whether more
permeable layouts are associated with higher levels of
casualties than spine and cul-de-sac layouts.

Three strands of research were included:

1 The first consisted of observations, conducted at twenty
residential developments, to examine links and junctions
that were either at, or below, the limits specified in DB32.

Observations included detailed information on the
geometry and layout of each link and junction,
observations of speed and obtaining accident statistics.
Statistical analysis and predictive models based upon
these observations indicated whether relaxed geometric
and visibility values could be incorporated into the MfS.
The features also varied in relation to:

! Road width.

! Whether speed humps were present.

! Whether parking was permitted.

! Whether lines were present to indicate priorities e.g.
give way line.

! The type of road surfacing used.

2 A household postal survey was conducted at the same
twenty sites. This explored residents’ opinions on a
number of aspects of their living environment. However,
the emphasis of the questionnaire was to consider
whether they had any perceived safety or personal
security concerns. A comparison across the sites could
therefore investigate if junction and road geometries that
do not meet DB32 standards are perceived by residents
to be as safe as those that conformed to the standards.

3 Lastly, SafeNet, which can model a road network and
consider the effect of changes on safety, was used to
study the effect of junction spacing on casualty rates,
and the effect of changing the characteristics of a
residential area from a cul-de-sac approach to a more
connected layout.

Within this report the following terminology is used:

! A site is a housing development that has been surveyed
in this study.

! A feature is defined as being either a link or junction
within the site.

1.4 Report structure

Section 2 discusses the research methodology used, including
a rationale for selecting the research study sites and the
variety of methods used to collect and analyse the field data.

Section 3 provides a literature review and gap analysis that
supports the development of the primary research
methodology.

Table 1.2 Companion guide Y-distances

Speed (mph) 20 30 40 50 60 70

Speed (kph) 32 48 64 80 97 113

Distance (metres) 45 90 120 160 215 295

  allowing speeding

Distance (metres) 33 60 120 160 215 295
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Section 4 discusses the site surveys conducted, including a
description of the different sites and the results and
analysis of the surveys, particularly with regard to
visibility on links and at junctions in relation to traffic
speed and accident risk.

Section 5 describes the models used to consider whether
any observed speed reductions are sufficient for a link or
junction with limited visibility to be safe.

Section 6 considers the predicted effect of limited visibility
on speeds, and models a number of situations to ascertain
whether the speed reductions compensate for the lack of
visibility.

Section 7 analyses road accidents statistics (STATS19
data) for the research sites and the relationship between
speed and geometries on accidents.1

Sections 8 and 9 give an overview of results from the
household survey intended to assess residents’ opinions of
the streets where they live and to identify particular issues
that residents have about the design and layout of their
street and built environment.

Section 10 presents the results and analysis of the junction
spacing research using the Software for Accident
Frequency Estimation for Networks (SafeNet) to compare
hypothetical networks based on DB32 compliant and
‘organic’ street layouts.

Section 11 concludes with an overall summary of the
research and a discussion about the proposed standards
that will be included in the Manual for Streets.

The report concludes with a summary of results from the
research, and how this affects the standards for residential
street design, to be revised for the MfS.

2 Review of existing literature

A literature review (see Appendix A) was performed as an
initial element of this research to collect together
information relevant to the Manual for Streets. Its purpose
was to perform a gap analysis. That is, to ascertain where
research could underpin the DB32 standards so they could
be directly included in the Manual for Streets, and to
identify elements within the current guidance based upon
limited research (either needing validating or further
research). Reports and articles on the following subjects
were sought:

! Policy, legal and technical frameworks.

! Objectives for streets.

! Sustainable communities.

! Quality places.

! Movement.

! Access.

! Parking.

! Materials, street furniture and planting.

! Lighting.

! Services and drainage works.

! Maintenance and management.

The literature evidence relating to each element is then
listed, so that it may be cross-referenced to Appendix A.
This gap analysis is shown in Table 2.1.

The review found few references concerned with the
effect of geometric dimensions within the contexts required.
However, references were located on the theoretical aspects
of creating ‘liveable’ streets. The majority of elements were
assessed as partially covered by current knowledge but
needing validation before being used.

One element covered within a number of research
reports was road or carriageway width. However, further
research was necessary to determine suitable carriageway
widths within residential areas: i.e. those promoting low
traffic speeds, create a safe environment and ensure
adequate access.

Traffic calming measures also have adequate coverage
within the literature, again with the objective of slowing
speeds and creating safer places. Whilst the majority of the
robust evidence is concerned with physical traffic calming
measures (humps, pinch points etc), there is recent
research examining psychological traffic calming
measures. These measures use the surroundings to
influence driver behaviour (e.g. width of road, coloured
surfaces, location and height of buildings close to the
carriageway edge). However, this research was primarily
conducted in rural areas and hence its applicability to
residential areas requires further research.

There are a number of publications on Home Zones, or
the Dutch ‘Woonerven’. Research studies have also been
undertaken focusing on traffic volumes, accident levels
before and after implementation and the views of residents.
However, there are some research gaps within the area of
Home Zones, such as the inclusion of disabled people
(research has recently been commissioned on this topic)
and robust research focusing on the safety implications of
Home Zones (as only limited ‘after’ data was analysed)
and associated social impacts of schemes.

Parking research was fairly extensive, but not considered
robust. Generally, research suggests parking should be
incorporated within the design of residential streets as it can
act as a traffic calming measure. However, its inclusion in
residential streets should not create danger for playing
children or crossing residents, especially parking at
junctions, which may obstruct the vision of drivers.

Overall the research review highlighted a lack of robust
research supporting DB32 standards and the information to
be incorporated in the Manual for Streets. Where research
has been undertaken, detailed design elements, such as
geometric dimensions, have been neglected. Consequently,
the following design aspects were investigated further:

! Road widths – which widths result in low speeds whilst
maintaining safety, access and ease of traffic flow?

! Visual splays – which sight lines result in preferred
driver behaviours, whilst maintaining safety?1 In this report, accidents are used to denote personal injury incidents.
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Table 2.1 Gap analysis of research literature

Supported

Chapter content specifications Fully Partially Not Evidence source (see Appendix A for full details)

Street networks and types

Hierarchies of traffic and place functions "

Travel demand by mode "

Grids vs cul-de-sac "

Block dimensions – find / course grain "

Achieving appropriate speeds through
See ‘Achieving appropriate speeds’ below

network / environmental effects

Public transport, walk and cycle networks "

Integration / segregation of cars / cycles / people "

Guard railing " English partnerships and Llewellyn

Davis (2002)

Mixed use streets "

Shared space "

Shared surfaces " Polus and Craus (1996)

Home Zones " Barrel and Whitehouse (2004); Tilly et al.

(2005); Layfield et al. (2005);

Webster et al. (2005)

Rural lanes / Quiet lanes " DfT (2004); Kennedy et al. (2004a and b)

Street dimensions

Design vehicles – dimensions, dynamic envelopes "

Widths – carriageways, cycleways, footways shared areas " Burrow (1977) Daisa & Peers (1997);

Gibbard et al. (2004); Oxley (2002);

Lawton et al. (2003)

Capacity for vehicle movement "

Street in cross-section – kerb height / crossfalls "

Absence of centre-line markings " Countryside Agency (2005)

Where streets meet

Place importance of junctions / squares "

Visibility splays "

Unmarked junctions "

Junction spacing "

X junctions "

T junctions "

Roundabouts " Lawton et al. (2003)

Signals "

Informal squares "

Footway crossings "

Pedestrian crossings- signal / zebra / refuge / courtesy "

Continued ....
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! Parking – How can parking be best incorporated into
residential design? Can it be successfully used as a
traffic calming measure? What are the impacts on
safety? Can the quality of the area be retained?

! Removal of road markings – What effect does the
removal of road markings have on driver behaviour?

3 Site selection and measurement

3.1 Site selection
Twenty survey sites were selected throughout the UK; ten
of the sites were ‘case study’ and ‘new build’ areas
selected by CABE. The remaining 10 sites were a mix of
historic (pre-War), DB32 compliant and new build sites
selected to produce a wide range of development type to

ensure the results were applicable to many developments
within the UK. The full list of sites is shown in Table 3.1,
and their distribution within the UK is shown in Figure 3.1
(see Appendix B for a summary of each study site).

The sites were initially evaluated from CAD drawings
and then assessed in detail during a site visit.

3.2 CAD measurements
Detailed site characteristics were measured from site plans:
technical drawings of the selected sites depicting all
structures in the area. Using AutoCAD it was possible to
take accurate measurements of sight lines, as the drawings
were detailed, accurate and all obscuring features were
recorded (see Figure 3.2).

The X-distance was set at 2.4, 4.5 and 9 m from the
junction measured down the centre line of the road, in

Table 2.1 (Continued) Gap analysis of research literature

Supported

Chapter content specifications Fully Partially Not Evidence source (see Appendix A for full details)

Street alignments

Gradients "

Curve radii, horizontal and vertical "

Forward visibility " Kennedy et al. (1998); Layfield et al.

(1996); Summersgill and Layfield

(1996); Taylor et al. (1996)

Achieving appropriate speeds

Ideally through network (and natural traffic calming) " Scottish Executive (1999); Grayling et al.

(2002); Vis et al. (1990) Kennedy et al.

(2005); Hardy (2004); Elliott et al. (2003)

Traffic calming as fallback " Engel and Thomsen (1992)

Integration of TC with environment "

Access

Access requirements to buildings – people and vehicles "

Emergency access. References to building regulations "

Servicing: refuse collection, deliveries, removals "

DDA/disabled requirements – into buildings, along streets " Oxley (2002)

Need to balance the perceived conflict between accessibility " ODPM (2004)

and crime – permeability versus security

Parking

Layouts / design of on/off street parking " Noble and Jenks (1996); TRL (1992);

Noble et al. (1987);

Westdijk (2001);

Scottish Executive (2005)

Relationship with capacity and safety "

Motorcycle / cycle parking "
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Table 3.1 Research study sites

Rural / Housing Land Network
Characteristic Town Ward Region urban period use Density type

Historic (pre-war) Reading New Town South East Urban Victorian Mixed High Grid
Lavenham Suffolk South East Rural Medieval Residential Low Organic
Oxford Jericho South East Urban Victorian Residential High Grid
Bloxham Village Oxfordshire South East Rural Victorian Residential Low Organic
Chichester West Sussex South East Urban Medieval Mixed High Organic
London Belgravia South East Urban Victorian Mixed High Grid

Case study Charlton Down West Dorset South West Rural Post 90s Residential High Organic
Lichfield Darwin Park West Midlands Urban Post 90s Residential High Organic
Eastleigh Former Pirelli site South East Urban Post 90s Residential High Atypical grid
Newhall East Harlow East of England Suburban Post 90z Residential High Organic
Guildford Queen’s Park South East Urban Post 90s Residential Mid Organic
London Tower Hamlets South East Urban Post 90s Residential High Grid
Glasgow Crown St. Scotland Urban Post 90s Residential High Organic
Chelmsford Windley Tye East of England Suburban Post 90s Residential Low Court layout
Chelmsford Beaulieu Park East of England Urban Post 90s Residential Low Grid
Manchester Hulme North West Urban 1990s Residential Low Grid

New build Ipswich Rapier St. South East Suburban Post 90s Residential High Atypical grid
Portishead Port Marine South West Suburban Post 90s Residential Mid Organic

DB32 Compliant Leicester Syston East Midlands Urban 1980> Residential Mid Cul-de-sac with spine
Reading Lower Earley South East Urban 1980> Residential Mid Cul-de-sac with spine

Figure 3.1 Distribution of sites

1: New Town, Reading
2: Lavenham, Suffolk
3: Jericho, Oxford
4: Bloxham Village, Oxfordshire
5: Chichester, West Sussex
6: Belgravia, London
7: Charlton Down, West Dorset
8: Darwin Park, Lichfield
9: Former Pirelli Site, Eastleigh

10: Newhall, East Harlow
11: Queens Park, Guildford
12: Tower Hamlets, London
13: Gorbals, Glasgow
14: Windley Tye, Chelmsford
15: Beaulieu Park, Chelmsford
16: Hulme, Manchester
17: Rapier Street, Ipswich
18: Portmarine, Portishead
19: Syston, Leicester
20: Lower Earley, Reading
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accordance with generally accepted practice. From these
three distances the line of sight (Y-distance) is measured
left and right looking out of the junction. The Y-distance is
the furthest point of visibility on the kerb (the blue line),
taking into account any obscuring features, and is
measured from the centre line of the side road.

Lines of sight on links were measured using a similar
method. The driver’s (direct) sight line was used to find
the shortest distance ahead of the vehicle that is visible
when on the link. In addition, the width of the road, both
with and without footways, was also measured from the
CAD drawings.

This information gave a first indication of the range of
geometries available across the chosen sites. However, this
could not take account of all complications on site. Therefore
this information was validated and enhanced by site surveys.

3.3 Site surveys

All site surveys were conducted from January to March
2006. Each survey comprised measurements of speed, road
geometry and visibility, at a minimum of 10 junctions and
2 links within the site, and speed readings at a minimum of
5 junctions and 2 links. The purpose of the surveys was to
validate the measurements taken from the CAD drawings
and obtain a sample of speeds from a wide range of
junctions and links throughout the sites. The following
procedures were undertaken at each junction and link:

Junction visibility (Y Distance)

1 The centre line of the main road was ascertained.

2 The three X values were measured and marked off using
chalk on the road.

3 Y-distances were measured at a height of 1.2 m from
each X chalk mark to the left and right.

4 Where parking was explicitly marked on the road, a
second measurement, assuming a parked vehicle was
present, was also recorded. Lines of sight also took into
account cars parked on the road, as these were assumed to
be the general conditions that drivers would encounter.

5 Any visible obstructions were noted down, these
included buildings, brow of a hill, phone boxes, hedges,
parked cars etc.

Link forward visibility

1 A pre-defined place in the road calculated to have
minimum visibility from the CAD drawings was located.

2 All obstructions, including parking, were recorded.

3 Taking the obstructions into account the pre-defined
point of minimum visibility was confirmed as correct, or
adjusted and recorded.

4 The distance between the correct position and the
furthest point of visibility was measured: along the road
if considered safe, or along the kerb, and the road width
was recorded.

Manual speed measurements (speed gun)

! Recorded vehicle speeds for 20 minutes at a sub-sample
of links and junctions.

Sample sizes
Estimates from CAD drawings and measurements from
site surveys resulted in geometric information being
collected for:

! 190 junctions, and

! 77 links.

A speed gun was used to record individual vehicle
approach speeds for approximately twenty minutes at a
sub-sample of the surveyed features. Exact speeds (to the
nearest mph) were recorded above 10 mph, however,
manually collected speeds at, or below, 10 mph were
classified into one category. These observations were
collated into an analysable form for

! 57 junctions, and

! 23 links.

Also, automatic traffic counters (ATCs) were installed
for one week on:

! 18 links.

! The approach to 10 junctions.

The speed gun survey provided a snapshot of the
approach speeds of drivers across a wide range of different
junctions and links, and therefore a wide range of
geometries. In contrast, the ATC data was restricted to a
smaller number of features, and therefore geometries, but
gave a robust picture of the approach speeds used.

The purpose of the next section is to examine how the
speeds varied across the features studied and identify the
characteristics that influenced those speeds.

4 Speeds and geometry data site ranges

A general understanding of the effect of road layout, and
the resulting visibilities, on drivers’ speeds can only be
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Figure 4.3 Range of observed junction visibilities

achieved if a wide range of different site conditions are
studied. The selected 20 sites were consequently chosen to
be representative of developments throughout the country.
In terms of the type of sites studied there were:

! 6 historic (pre-war) sites.

! 6 sites conforming to CABE good practice guidelines.

! 2 sites conforming to DB32 specifications.

! 6 other (case study) sites.

Road surfacing within the sites varied from tarmac
(12 sites), through to a mixture of tarmac and block paving
(3 sites) to wide-scale use of block paving (5 sites). Half
the sites had no speed restricting measures present (e.g.
road humps or horizontal deflections), whilst some form of
speed restricting measures were present in the others. The
extent of on-street parking also varied across the sites with
7 sites having no parking near to junctions in evidence
during the site visits, whilst some vehicles parked close to
the junctions at other sites. Also, parking on the links
varied between no observed parked vehicles, to parking on
one side of the road on some links and parking on both
sides of the road on others.

Forward visibilities on links, and visibility at junctions
(Y-distance), were estimated from plans of the
developments and measured during the site visits. Often,
the observed visibilities were less than those estimated
before the site visit (using AutoCAD). This was owing to
the presence of street furniture and other obstructions (for
example planting) that limited visibility. This study is
considering the effect of actual visibility on drivers’
speeds, therefore the visibilities measured on site have
been used in assessing driver adaptive behaviour. The
observed ranges of road width, forward visibility on links
and visibility at junctions are shown in Figures 4.1 to 4.3.

Road widths (excluding footways) generally varied from
4 to 10 metres across the studied sites. Visibilities on links,
and at junctions, varied from below 10 metres to
approximately 100 metres. The sites can therefore be
considered to be representative of the majority of situations
occurring within residential developments in the UK.

4.1 Outliers
Sites with abnormal characteristics can distort the findings
of any statistical analysis. Such sites can produce
observations that significantly differ from the trends
present within, and across, other typical sites: such
observations are referred to as outliers. These observations
can therefore affect the statistical models fitted to the data,
referred to as points of high influence.

The accepted approach in these situations is to exclude
these abnormalities from the analysis and produce models
that reflect the trends within the majority of situations. The
previous section shows that nearly all the sites have road
widths less than 10 metres (excluding footways) and lines
of sight of less than 100 metres on links and at junctions.
In addition, the average daily flows and average link
speeds at each of the sites studied using ATCs are
summarised in Table 4.1.

Observations from Belgravia were anomalous. The road
width where the ATC was situated was 11.4 metres wide
(excluding footways), and the average for all links
surveyed in Belgravia was 10.5 metres. In addition, the
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forward visibility on the link where an ATC was installed
was 446 metres and generally there was good visibility on
the links throughout the Belgravia site. These conditions
resulted in the highest average speed in any site. In
addition, the daily vehicle flows were almost 30% higher
than on any other site. Thus the Belgravia observations are
generally excluded from the analysis performed. As a
consequence, the results can be considered to be relevant
for developments such as shown in Figure 4.4 with road
widths up to 10 metres and visibilities on links (and at
junctions) of up to 100 metres, and not for those with grid
layouts such as Belgravia (see Figure 4.5) with wide roads
and larger visibilities.

The site with the next highest average link speed was
Leicester where the forward visibility was 65 metres, and
the lowest average link speeds were at Beaulieu Park in
Chelmsford, where the forward visibility was 10 metres.
The following sections consider the effect of forward
visibility on links (and visibility at junctions) and other
relevant influencing factors on speed.

4.2 Variation within the data
Ranges in geometry, parking, signing and speed reduction
methods present within the 20 studied sites have been
explored. The sites (excluding Belgravia) provide a good
variation in all these site dependent factors that may
influence speeds. However, it is important to be able to
ensure that these are the only factors affecting differences
observed between the sites and features studied, in order
that the results are not confounded by other differences.
Other possible influences at a given feature include:

! Time of day, for example night driving.

! Day of week, weekend driving compared with weekday
driving.

! Weather conditions.

! Age of driver.

! Driving style.

! Other vehicles present.

It is not possible to take account of all these factors within
this type of analysis. However, the best consistency was
sought between the manual speeds and loop speeds. All
manual speeds were collected on weekdays in the daytime.
Consequently, the speed loop analysis was also restricted to
observations on a weekday between 0700 and 1900.

Table 4.1 Average flows and speeds

Site Average daily flow Average speed (mph)

Lower Earley 70.4 11.3
Guildford 481.9 18.2
New Town, Reading 242.6 14.4
Chichester 1372.8 19.4
Eastleigh 427.7 17.3
Belgravia 2029.5 25.7
Tower Hamlets 627.0 19.1
Ipswich 121.6 19.0
Lavenham 221.4 11.7
Newhall 482.9 15.6
Windley Tye 294.9 16.9
Beaulieu 83.8 10.2
Bloxham 112.3 12.5
Portishead 1161.1 15.8
Leicester 528.9 23.5
Manchester 1060.6 19.3
Lichfield 362.6 16.7
Glasgow 1575.4 10.3
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Figure 4.5 Belgravia – grid layout (large visibilities)

It was also possible that differences could be influenced
by the type of site. That is speeds could depend on the
intrinsic design present within a historical site compared
with one conforming to the DB32 standards: similar to the
effect of the grid layout in Belgravia. If such variations were
present the different type of sites would result in distinct
data clusters. The resulting ATC link speeds according to
the measured visibility are shown in Figure 4.6.

Observed speeds, and average speeds, on links within
the sites increased with forward visibility. The type of site
appeared to have no effect. Therefore, all sites and features
within them were considered together and the effect of

geometries, speed restriction measures and surface types
explored across all non-anomalous data. Figure 4.7 shows
the same link speeds according to forward visibility and
the sites on which they were measured.
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Figure 4.6 Speed ATC data for links (by site type)

80.070.060.050.040.030.020.010.0

Measured forward visibility

70

60

50

40

30

20

10

O
bs

er
ve

d 
sp

ee
d 

(k
m

/h
)

Lichfield
Manchester
Leicester
Portishead
Bloxham
Beaulieu
Windley Tye
Lavenham
Ipswich
Tower Hamlets
Eastleigh
Chichester
New Town, Reading
Guildford
Lower Earley

Site Number

Figure 4.7 Speed ATC data for links

Even restricting observations to weekdays during the
daytime, it is clear there was a large variation in speeds at
each site and on any given link. The variation will have
been affected by factors that cannot be accounted for
within this study, for example, variations in driving style
and individual circumstances occurring on the link.
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Interestingly, some drivers were observed at approximately
10 mph at nearly all the sites though this could be owing to
particular circumstances encountered by the drivers, for
example, slowing to permit a vehicle through from the
other direction.

Increasing variation with increases in an independent
variable can be accounted for by transforming the dependent
variable. However, even with this approach the size of the
inherent variation at any one site and feature will ensure that
the percentage of variation accounted for by a model will be
low. The statistical models therefore investigated
explanatory variables whose coefficient was significant, and
hence captured a significant trend within the data, without
placing any criteria on the overall model’s fit, therefore the
regression (R2) value could be low.

5 Speed adaptation

It is probable that drivers adapt their speed according to
the perceived danger on the road. Initial investigation in
the previous sections supports this as the observed average
speed on a link decreased with forward visibility. The aim
of the analysis was therefore to find significant trends in
speeds explainable by the differences between the
junction, and link, layouts.

Speed is an indicator of safety on a road. If the average
speed is lower, then arguably the road is safer and less
intimidating to vulnerable road users. There are two effects
that make the road safer. Firstly, the stopping distance of
vehicles is less and therefore the probability that a driver
will be able to stop and avoid an accident is higher under
the same conditions. Secondly, should an accident occur,
its severity could be less owing to reduced impact speed.

Reductions occurring through non-geometric treatments
(including the type of road surface, speed humps and
signing) would be expected to increase safety compared
with a similar road without the same measures. However,
the situation is more complicated with respect to geometric
differences where lines of sight are affected. On the one
hand drivers may reduce their speeds owing to the
perceived danger, but there is a potential increase in
danger through drivers being unable to see hazards until
they are closer to them. These two effects counteract each

other. So, this research considers whether any observed
speed reductions (through perceived danger) are sufficient
for a link, or junction, with limited visibility to be as
(actually) safe as one with good visibility.

5.1 Link speeds
Drivers within a development generally negotiate a
number of links and junctions during their journey. They
would be expected to have a highly variable drive cycle as
they can be stationary at junctions, and possibly on links,
to give way to other traffic. They would be expected to
adapt their speed to perceived dangers such as parking and
horizontal deflections that reduce their forward visibility.
However, drivers will typically try to maintain the
maximum speed to minimise their journey time.

Higher speeds, with greater variation, would be expected
on links as vehicles would not be expected to show the
same caution as at junctions. Therefore lines of sight are
important on links because if lines of sight are reduced and
speeds remain high, an unexpected occurrence such as a
pedestrian stepping into the road, is more likely to result in
a serious accident. For comparison the observed speeds on
the approach to a junction and on a link in Tower Hamlets
are shown in Figure 5.1.

Two (multi-linear) regression models were fitted to the
available data. One to the manual speed data from 23 links
and the other was fitted to the ATC data from 18 links. The
forms of the regressions were:

In( ) ( ) ( )speed a b road width c forward visibility= + + +

( ) ( )d parking e surface type+

The natural logarithm of speed (km/h) was found to
produce the best fit to the data. The results of the models are
shown in Figures 5.2 and 5.3 respectively, and in Table 5.1.

The regressions explained only between 20 and 22% of
the total variation in the data. However, all the variables
were significantly different from zero at the 95%
confidence level.

The models imply that either permitting parking on a
link, or the use of block paving, can reduce link speeds by
2 to 5 mph which could improve safety, though there are
clearly issues with pedestrians being obscured by parked
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vehicles. Similarly, reducing road width also has the effect of
reducing vehicle speeds on the link. However, the two models
disagree about the extent of the reduction. The manual speed
data implies that a reduction from 10 to 5 metres could reduce
the link speeds by between 9 to 20 mph, depending on the
forward visibility on the link. In contrast, the ATC data
implies the reduction is between 2 and 4 mph. It is the
conservative estimate from the ATC data that is most likely to
be accurate given that the model included nearly as many
sites and also given that the average number of manual
observations was 32 within any one site.

Both models agree that drivers do adapt their speed
according to the forward visibility on the link. According
to the model based on the ATC data an average driver

Table 5.1 Predicted changes across roads with 5 metre
widths and forward visibilities between 5 and
110 metres

Decrease ( mph)

No parking to parking
on both sides of link Tarmac to block paving

Link model Minimum Maximum Minimum Maximum

Manual speeds with 2.8 4.8 2.5 4.4
  average site features

Loop speeds 1.5 3.5 1.3 3.2

reduces their speeds by approximately 20 mph if the forward
visibility on the link is reduced from 110 to 20 metres.

5.2 Junction speeds
Approach speeds at junctions were generally found to be
less than link speeds, as drivers slowed and showed caution
on the approach in case they needed to give way to another
driver with priority. The requirement to assess a number of
factors during their approach seems to have both heightened
awareness and also increased workload on the driver.
Overall there appeared to be more accidents on the sites at
junctions than on links: 110 accidents at 187 junctions
compared with 21 accidents on 74 links. Hence reducing
speeds and accidents at junctions is clearly important.

Information was available on the visibility (Y-distance)
at each junction for a vehicle positioned at 2.4, 4.5 and
9 metres before the junction. Initial tests considered which
visibility was the best predictor for the observed approach
speeds. This model indicated that a visibility of 4.5 metres
should be used within the regression modelling.

Regression models were formed on both the manually
collected speed data and on the ATC data. In addition,
whilst the ATC data recorded the speeds of all approaching
vehicles, the manual data also classified the vehicles as to
whether they turned at the junction. Therefore a separate
model was also formed for all vehicles that did not turn at
the junction for this data set. A summary of the models is
shown in Figures 5.4 to 5.6 and Table 5.2.
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Figure 5.2 Link model – manual speeds with average site features
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Figure 5.5 Junction model – manual speeds with average site features (non-turners only)

0

5

10

15

20

25

30

0 20 40 60 80 100 120

Y Distance (m)

S
pe

ed
 (m

ph
)

Road Width = 5m
Road Width = 6m
Road Width = 7m
Road Width = 8m
Road Width = 9m
Road Width = 10m

0

5

10

15

20

25

30

35

40

0 20 40 60 80 100 120

Forward visibility (m)

S
pe

ed
 (

m
ph

)

Road Width = 5m
Road Width = 6m
Road Width = 7m
Road Width = 8m
Road Width = 9m
Road Width = 10m

Figure 5.4 Junction model – manual speeds with average site features (all vehicles)

Table 5.2 Predicted changes across roads with 5 metre widths and Y-distances between 5 and 110 metres

Decrease (mph)

No parking No junction
to parking Tarmac to  markings to

  near junction block paving junction markings

Junction model Min Max Min Max Min Max

Manual speeds with average site features 1.5 2.1 3.7 5.2 -1.1 -0.8

Manual speeds with average site features (non-turners only) 1.8 2.5 3.9 5.5 -1.0 -0.7

ATC speeds 3.5 6.4 2.9 5.4 3.2 5.9
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Figure 5.6 Junction model – ATC speeds
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Parking and block paving were found to reduce vehicle
speeds by approximately 2 to 5 mph, though there is an
indication from the ATC data that parking near junctions
could have a slightly stronger effect on speeds than
parking on a link. The models disagree as to the effect of
junction markings. The manual data implies that without
junction markings, speeds were slightly greater. However,
the ATC data indicates drivers reduced their speeds by
between 3 and 6 mph when markings were absent.

The models agree on the order of magnitude of speed
reductions through width reductions. For example at a
junction with Y-distance at 4.5 metres of 40 metres, a
reduction of road width from 10 to 5 metres would be
expected to reduce approach speeds by between 6 and 9 mph.

Both models also agree that drivers reduced their
approach speed if the visibility at the junction (Y-distance)
was less. The manual data predicts a reduction of
approximately 5 mph if the Y-distance is reduced from
110 to 20 metres at a junction where the road width is
5 metres. However, the ATC data considers that drivers are
more sensitive to a lack of visibility. Under the same
conditions the resulting model predicts that drivers would
reduce their speed by 11 mph.

6 Modelled safety impacts

Drivers have been shown to alter their speed according to
the conditions on the road. Reductions through the type of
road surface and speed reduction measures (for example
speed humps) almost certainly improve safety at a site.
However, the implication of reduced speeds owing to
reductions in forward visibility on links and visibility at
junctions is less clear. The reduced speed results in a
smaller stopping distance requirement, but less distance
will generally be available for stopping when a hazard
becomes visible. So, it is a question of whether drivers
slow enough to make the junctions and links with limited
visibility as safe as those with greater visibility.

This section considers the predicted effect of limited
visibility on speeds, and models a number of critical
situations to ascertain whether the speed reductions
compensate for the lack of visibility. The average speeds
predicted by the regression models formed on the ATC
data are assumed within this modelling as they are based
upon the largest data set, and the predictions are in
approximate agreement with those formed on the manually
collected data.

6.1 Braking modelling
It is possible to model relative safety of the schemes by
considering the ability of the drivers to stop under different
conditions. In order to create these braking models the
following has been assumed (see Appendix C):

! The average perception-reaction time of a driver is 1.4
seconds when stopping in response to a hazard. This is a
conservative estimate for the average driver, for example
Olson (1997) reviewed 27 driver perception-reaction time
studies and concludes ‘a great deal of data suggest that
most drivers (i.e. about 85%) should begin to respond by

about 1.5 seconds after first possible visibility of the
object or condition of concern’. Guidance in DB32 is
based on an assumed time of 2 seconds.

! The average deceleration rate of drivers stopping is
4.5 ms-2. This is approximately half the maximum
decelleration that can be achieved by cars under favourable
conditions, and is consistent with firm braking (see, for
example, Auto Express, 2005). Guidance in DB32 is based
on an assumed rate of 2.5 ms-2, approximately equivalent to
stopping on snow without skidding.

For example, consider a driver travelling at 30 mph
(13.4 ms-1). If the driver reacts to a danger by stopping
then they take 13.4 × 1.4 = 18.8 metres to react to the
danger. Using standard equations of motion the driver
takes (13.4 × 13.4)/(2 × 4.5) = 20 metres to become
stationary when travelling at a constant rate of
deceleration. That is, it takes a driver a total distance of
38.8 metres to stop from a speed of 30 mph.

6.2 Stopping distances on links
A range of links have been examined in which the
forward visibility generally varied from less than 10 metres
to approximately 100 metres. It was found that the
average speed of drivers reduced with forward visibility.
In addition, block paving and parking on the link were
found to affect speeds. To remove this complication,
within this modelling it is assumed that the link has a
tarmac surface and no parking is permitted on the link.
Furthermore, it was found that link width also influences
speeds. It is therefore assumed that the link is either 5 or 9
metres wide, i.e. a narrow or wide road.

The situation considered is if an event occurs, for
example a pedestrian stepping into the road at the limit of
the driver’s forward visibility. It is assumed that the driver
will react as fast as possible and apply a fairly high average
deceleration to stop their vehicle, as discussed in Section 6.1
above. The distance required to stop is compared with the
distance available for road widths of 5 and 9 metres in
Figures 6.1 and 6.2 respectively, and Table 6.1. Further, the
distance required to stop assuming drivers had not altered
their speeds owing to the reduced forward visibility is
included for reference.

Initially it was assumed that drivers did not adapt their
speeds as forward visibility reduced, i.e. that they did not
perceive limited visibility as a danger and react to it. Then
the model predicts that a collision would occur if visibility
was less than 40 to 50 metres depending on the width of
the road.

According to the regression modelling, drivers adapted
their speeds. However, the reduction does not fully
compensate for the reduction in forward visibility. That is
the margin for error is reduced as visibility falls. For
example, with a forward visibility of 100 metres, should a
pedestrian appear at the limit of their vision a driver is
modelled as being able to stop at a distance of
approximately 60 metres before the pedestrian. However,
the model predicts that the driver would be able to stop
with just over 20 metres to spare under the same
conditions if the forward visibility was 40 metres. This
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reduces to only 5 metres to spare with a forward visibility
of 20 metres.

Given the driver behaviour observed and the modelling
assumptions, it would be expected that schemes in which
forward visibility is less than 40 metres could be
reasonably safe for average drivers under these conditions
owing to the reduction in drivers’ approach speed.
However, the margin for error decreases continually with
forward visibility, and schemes with forward visibility on
links of less than 20 metres are relatively unsafe, in the
environments studied, unless other speed reduction
features are incorporated.

6.3 Stopping distances at junctions

A range of junctions has been examined in which the
Y-distance generally varied from less than 10 metres to
approximately 100 metres. It was found that the average
speed of drivers reduced with Y-distance. Also, block
paving, parking and the presence of lines to indicate
priority at the junction were found to affect speeds. Within
this modelling it is assumed that the junction has a tarmac
surface, there is no parking at the junctions and no lines to
indicate priority.
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Figure 6.1 Modelled stopping distances on a link of width 5 metres

Table 6.1 Modelled stopping distances for links of
varying width

Stopping
distance Estimated

Forward Road if speeds stopping Distance
visibility width not altered distance remaining
(m) (m) (m) (m) (m)

20 5 41.1 13.2 6.8
7 44.0 14.1 5.9
9 47.1 14.9 5.1

40 5 41.1 16.8 23.2
7 44.0 17.9 22.1
9 47.1 19.0 21.0

60 5 41.1 21.5 38.5
7 44.0 22.9 37.1
9 47.1 24.4 35.6

80 5 41.1 27.7 52.3
7 44.0 29.6 50.4
9 47.1 31.6 48.4

100 5 41.1 35.9 64.1
7 44.0 38.4 61.6
9 47.1 41.1 58.9
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Figure 6.2 Modelled stopping distances on a link of width 9 metres
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The situation considered is when two vehicles approach a
junction. The first vehicle is on a minor arm of the junction
and the driver is assumed to show caution. They therefore
decrease speed from the modelled (regression) approach
speed (to 5 mph) as they approach over the 50 metres before
the junction. The other vehicle has priority and the driver
will approach at the modelled approach speed.

Modelling has been used to consider the effect of the
first driver seeing the second vehicle on its approach. It
considers the distance before the stop line at which they
need to see the vehicle in order that the driver can react
(taking 1.4 seconds) and then apply a higher deceleration
(4.5 m/s-2) and be stationary at the stop line. These have
been calculated using standard equations of motion, and
are shown in Figure 6.3.

The driver approaching on the minor arm of the junction
and showing caution needs to see the vehicle approaching
on the major arm when they are more than approximately
4 and 6 metres from the junction in order to stop. Once
closer to the junction they are committed to entering it.
That is, drivers make a decision at or before 4 metres from
the junction as to whether to stop or continue. This is in
agreement with the regression modelling findings. The
regression models found that the visibilities measured at
4.5 metres were the best predictors of approach speed, so
drivers appear to be making a decision on whether to stop

or continue at the junction based upon the information they
have available at this distance.

Modelling has also been used to consider the effect of
the second driver seeing the first vehicle on its approach. It
considers the deceleration required for the vehicle to stop
before the junction if the driver sees the first vehicle when
at the ‘Y-distance’ before the junction and then decelerates
after the reaction time of 1.4 seconds, Figure 6.4.

If the visibility at the junction is greater than 40 metres
a driver travelling at 30 mph should easily be able to
stop. Drivers have been shown to reduce their approach
speed as the Y-distance reduces. However, it is
insufficient to fully compensate for the potential reduced
stopping distance available.

The predicted reduction in approach speed results in
drivers being able to stop using reasonable deceleration rates
(less than 4.5 ms-2) under the modelled conditions if the
Y-distance is between 20 and 40 metres. Below 20 metres
the model implies it is unlikely that the driver will be able
to stop before the junction, and an accident would be more
likely to occur.

6.4 Implications of modelled situations
DB32 guidelines indicate that the Y-distance at a junction
where the speeds are 25 to 30 mph should not be less than
45 to 60 metres. Regression modelling on a road with a
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width of 9 metres indicates that the average approach
speed of a vehicle travelling towards a junction with such
lines of sight would be 27 to 29 mph.

Modelling indicates that a vehicle approaching from a
minor road has a decision point at approximately 4 to 6
metres from the junction after which they are committed
to entering the junction. However, a vehicle on the major
arm of the junction with a Y-distance of 45 to 60 metres
should be able to comfortably stop should such a
circumstance occur.

With smaller Y-distances, down to approximately
20 metres, the situation also appears relatively safe for
average drivers. The extra caution shown by drivers on the
minor road, and therefore the reduced approach speeds,
result in them needing to decelerate at up to 3ms-2 in order
to stop safely: less than the usually acceptable limit.

Below Y-distances of 20 metres, the modelling indicates
that the reduction in speed observed amongst drivers is
insufficient for the junction to be safe.

Observed standard deviations in approach speed imply
that the 85th percentile of approach speeds could be
4 to 6 mph greater than the average assuming a normal
distribution. Modelling implies drivers at these higher
speeds would be able to safely stop if the Y-distance is
30 to 35 metres. Consequently, Y-distances between 20
and 40 metres, and slightly below the recommended values
may be possible, but caution needs to be shown as the
percentage of drivers approaching at speeds that require
large decelerations if a conflict occurs quickly increases as
Y-distance decreases.

Considering links with a forward visibility of over
40 metres, modelling indicates average drivers would be
able to react to and stop safely before reaching a stationary
object (say a pedestrian) appearing at the limit of their
visibility. In fact the braking model indicates that an
average driver would be able to stop with a margin for
error (i.e. expected distance between the resulting
stationary vehicle and stationary object) of over 20 metres.

However, this margin of error reduces to approximately
5 metres if the forward visibility reduces to 20 metres even
taking into account the reduction in speed observed
amongst drivers in these situations. That is, the extent that
drivers slow down as forward visibility reduces is
insufficient to result in geometries with a forward visibility
of less than 20 metres being safe. This modelling was
based upon a tarmac surface and no parking on the link:
both of which reduced link speeds. Therefore a
combination of speed reducing measures may further
reduce speeds to safely permit lower forward visibilities.

Observed standard deviations in link speeds indicate that
the 85th percentile of link speeds could be 3 to 8 mph
greater than the average. Modelling implies drivers at these
higher speeds would be able to stop with a margin of error
of 8 metres when the forward visibility is 40 metres and
4 metres if the forward visibility was 35 metres.
Consequently, forward visibilities of between 20 and 40
metres might be considered, but again caution needs to be
shown as the percentage of drivers approaching at speeds
where the margin of error is small quickly increase.

7 Observed safety

Road safety can be explored by observing behaviour and
analysing trends in accident statistics. An investigation into
observed behaviour showed that drivers adapted their
speed on links where forward visibility was low and in
response to road width and other speed limiting factors.
The same was also seen at junctions where visibility, the
Y-distance, was low. However, although these modelled
responses indicated relatively small visibilities could be
considered, drivers adapted insufficiently for visibilities
below 20 metres (and possibly higher) to be as safe as
links and junctions with higher visibilities.

The actual effect on the number of accidents was also
explored by collecting information on the number of
accidents each year between 1995 and 2005 on all the 20
sites (excluding Ipswich). However, where sites were built,
or modified, between these dates, only data from the years
since the site was in its current form were considered.
Within the 19 sites, 261 links and junctions were studied,
and at these features there was an average of 8.6 years of
accident data at the 187 junctions and 8.3 years of data on
the 74 links.

Over all junctions there was an average of 0.07 accidents
per year, whilst at links the average was 0.03 accidents per
year. Consequently, it would appear that accidents are more
prevalent at junctions than on links. For this reason,
junctions can be considered the most important feature with
respect to the number of accidents occurring on the
residential sites studied.

The STATS19 database classifies all accidents according
to the severity of the injury to each of the casualties. The
total number of accidents for all ten years at the 19 sites (i.e.
including dates before the sites were inhabited) shows that
98% of the casualties at junctions were slightly (and 2%
were fatally) injured, but just over half the casualties on
links were seriously injured and the others were slightly
injured. It is possible that this difference in severity is due to
the lower speeds of vehicles approaching junctions. Overall
only 27 casualties were seriously, or fatally, injured. Hence
all accidents are considered together.

7.1 Belgravia
Section 4.1 showed that Belgravia was anomalous. The
development had a grid layout which resulted in large
visibilities on the links and at junctions. This combined
with wide roads resulted in high vehicle speeds. In
addition, the vehicle flows within this site were
significantly higher than those at the other sites.

Considering all these factors, it is not surprising that
Belgravia also has anomalous accident data (in that it had
more accidents than the other sites). Of the 131 accidents
occurring on all 19 sites, 65 occurred within Belgravia. The
high incidence of accidents is shown in Figure 7.1 (note that
the stars indicate the location of the accidents, some of
which denote multiple accidents at the same location).

Excluding Belgravia, over all junctions there was an
average of 0.034 accidents per year, whilst on links the
average was 0.028 accidents per year. Consequently, on
the remaining sites there appears to be an approximately
equal likelihood of an accident at a junction, or on a link.
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Table 7.1 Accidents with respect to visibility

Total Average number
Y Distance Number of accidents of accidents per
(metres) junctions per year junction per year

0 to 25 107 2.7 0.03
25 to 50  48 2.6  0.05
50 to 80  14 0.3  0.02
Over 80 15 0.3 0.02
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Figure 7.3 Accidents in Windley Tye

7.2 Accidents at junctions
There are distinct variations in the number of accidents
occurring at junctions in the sites, even when excluding
Belgravia. For example, the number occurring in Glasgow
is relatively high and the number in Windley Tye is low,
see Figures 7.2 and 7.3 respectively.

Previous sections have shown that drivers alter their speed
according to the junction’s geometry. An investigation was
therefore conducted into whether junction layout affected
the number of accidents. Visibility would be expected to be
one of the most important variables with respect to accidents
at junctions. The average number of accidents per year at
sites with different Y-distances at 4.5 metres from the
junction is shown in Table 7.1.

Figure 7.4 Junction accidents – according to Y-distance
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There appears to be little correlation between the
number of accidents and visibility. Figure 7.4 shows the
high variability present in the data.

Although a trend in the number of accidents appear to
be present, the variation and sample size preclude any
possibility of these being significant. A number of tests
were performed. These included examining the percentage
of junctions where accidents were observed according to
different ranges of Y-distances. The conclusion was that
the observed accident trends could have occurred as part of
natural variation and it is possible that the actual number
of accidents is independent of the junction geometry. This
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Figure 7.2 Accidents in Glasgow



23

could have occurred because of the behavioural
modifications explored in previous sections; alternatively,
it is possible that the sample size was insufficient given the
size of the effect compared with the variation.

It would also be expected that the number of accidents
at a feature would be dependent on the traffic flow. The
observed link flows were used to calculate the average
number of accidents per year for 1000 vehicles, these are
shown in Figure 7.5.

Figure 7.5 Junction accidents weighted by flow – according
to Y-distance
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Figure 7.8 Link accidents per 100 m – according to road
width

Once again there are no statistical relationships between
Y-distance and number of accidents. However, the sites with
over 0.8 accidents per year per 1000 vehicles were Lower
Earley, New Town, Lavenham and Bloxham. These four
sites all had low flows of below 250 vehicles per day and
low average speeds, and Beaulieu was the only other site
with such small flows. There is therefore an implication that
there are other factors affecting junction safety.

7.3 Accidents on links
There were only a small number of accidents observed on
links. The differences between sites with a relatively large
number of accidents (e.g. Tower Hamlets) and those with a
small number of accidents is small (e.g. Lower Earley), as
shown in Figures 7.6 and 7.7.

Strong statistical differences between accident rates
owing to the site characteristics would not be expected
given the small number of accidents. The accident rates
per 100 metres of link according to the road width is
shown in Figure 7.8, and the accidents per 100 metres of
link and 1000 vehicles are shown in Figure 7.9.

Consequently, apart from the relatively high number of
accidents given the flow in Lower Earley, there are no
major differences between the sites. In agreement with
this, a statistical analysis could not find any significant
relationships between site characteristics and accidents.

However, one interesting relationship was identified
between the percentage of links within a site having at
least one accident and the observed amount of parking on
the links (Table 7.2).
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A test on the difference in the proportion of links with
accidents occurring was significantly greater on those links
with parking on both sides of the road compared to links
without parking.

Modelling based upon site observations has shown that
drivers adapt and reduce their speeds when sight lines and
road widths are reduced. This in turn results in sites with
limited visibility being safer than if this behavioural change
did not occur. Therefore the analysis indicates developments
with visibilities less than those considered in DB32 and its
companion guide can be considered. The actual effect of
reduced visibilities on accidents is not fully resolved in this
study. There was no large and significant difference in
accidents on sites with limited visibility which again
indicates that such designs can be considered, however,
parking on links appears to be detrimental to safety.

Residents’ opinions were collected in addition to these
observations. The next sections explore their opinions and
investigate whether they perceive safety issues owing to
reduced visibility or other geometric aspects of their living
environment.

8 Household survey

A household survey was undertaken to obtain the
residents’ opinions of their streets at the twenty case study
sites (see Appendix D for the household questionnaire).
This was to determine ‘user satisfaction’ of a variety of
residential street layouts, and to consider residents’

transport needs alongside their perceptions of safety and
sustainability of their streets.

The content, format and layout of the household survey
were derived from previous surveys that had been
conducted by TRL and by Leicestershire County Council.
The TRL survey focused on a Home Zone site in Ealing. A
‘Home Zone’ is a street or a group of streets designed
primarily to meet the interests of pedestrians and cyclists
rather than motorists, opening up the street for social use.
The TRL survey tried to gain residents’ perceptions of
their street and also how they used the street since the
Home Zone had been built. The Home Zone survey has
been extensively developed and trialled because of its use
in a previous project and as a result was used to develop
the household survey for this research in terms of the
format and content of the questions used.

The Leicestershire County Council survey was again
designed to address similar topics to this research. It
concentrated on housing estate road design, focusing on
the layout of estates including road designs, house
driveway designs and car parking spaces. This survey was
intended to assist the council in preparing and developing
new design standards.

The topics surveyed were further developed, based on
the particular objectives and research questions for this
report. Residents’ views were sought for the Manual for
Streets research on the following topics:

! What they like and dislike about the street.

! How they spend their time in the street.

! Parked vehicles.

! Convenience of travel by a variety of transport methods.

! Road safety and personal safety issues.

! Behaviour of motorists.

! Safety of children.

! Whether they had been involved in an accident on their
street.

! The changes they would make to improve the street.

8.1 Sampling

Two thousand survey forms were distributed across the
twenty case study sites (100 questionnaires per site) in an
attempt to obtain a statistically significant sample. Based
on previous experience, it was estimated that the response
rate to the surveys would be approximately 15-30%. An
added incentive to complete and return the survey was
provided with residents being able to enter a free prize
draw to win £100 of shopping vouchers on the return of
the survey in an attempt to improve response rates.

To ensure a representative sample across all twenty case
study sites, one hundred households in each case study site
were selected using purposive sampling, whereby the
sample was limited to the geographical boundaries of the
case study sites (see Appendix B). The boundaries of the
sites cut across postcodes, and so the addresses were
selected using maps of the case study sites. A spread of
households was selected to ensure the sample was
representative of the site, and the addresses were obtained

Table 7.2 Personal injury incidents according to parking

Whether any Percentage
accidents on link of links with

Sample personal injury
Link parking No Yes size incidents

No parking 32 3 35 8.6
Parking on one side 18 4 22 18.2
Parking on both sides 9 5 14 35.7

108642

Road width excluding footways (metres)

2.00

1.50

1.00

0.50

0.00A
cc

id
en

ts
 p

er
 y

ea
r 

pe
r 

10
0 

m
et

re
s 

pe
r 

10
00

 v
eh

ic
le

s

Glasgow
Lichfield
Manchester
Leicester
Charlton Down
Portishead
Bloxham
Jericho
Beaulieu
Windley Tye
Newhall
Lavenham
Tower Hamlets
Eastleigh
Chichester
New Town, Reading
Guildford
Lower Earley
Site Number

Figure 7.9 Link accident rates per 100 m and per 1000
vehicles – according to road width
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using ‘Address Management Software’. Any addresses that
were not present in this software package due to their
relatively recent development (post-2003) were obtained
using the Royal Mail’s online ‘Postcode Finder’ service.
Addresses registered with the ‘Mail Preference Service’
had to be excluded from the sample.

Due to the variation in the number of households at each
case study site, for small villages and sites that had been
built very recently, it was not feasible to sample 100
households. To compensate, the shortfall in questionnaires
were posted to other larger and more populous sites.

8.2 Sample composition
Out of the 2000 questionnaires distributed, only 1948
reached their destination (52 questionnaires were returned
unopened) and a total of 296 completed responses (15%)
were received.2 Table 8.1 shows the distribution of
questionnaires received from each site.

Of these respondents, 54% were female and 46% were
male. A breakdown of the respondents’ age groups is shown
in Figure 8.1. This shows that most of the respondents were
aged 25 or over, with relatively even amounts responding in
each age group over 25. The highest proportion of
respondents lived in detached and terraced properties and
Figure 8.2 shows that the most common number of people
residing in a property was 2. Figure 8.3 indicates that most
respondents (41%) have lived in their property for less than
3 years, which is consistent with the number of new build
sites surveyed (five of the housing developments studied

Table 8.1 Distribution of questionnaires from each site

Site Frequency Percent

Lower Earley, Reading 29 9.8
Chichester 29 9.8
Guildford 26 8.8
Lichfield 25 8.4
Portishead 19 6.4
Leicester 18 6.1
Eastleigh 18 6.1
Bloxham Village 18 6.1
Glasgow 17 5.7
Charlton Down, Dorset 16 5.4
Manchester 15 5.1
Beaulieu Park, Chelmsford 11 3.7
Lavenham 10 3.4
New Town, Reading 10 3.4
Newhall, Harlow 10 3.4
Jericho, Oxford 9 3.0
Tower Hamlets 6 2.0
Belgravia 3 1.0
Ipswich 1 0.3
Windley Tye, Chelmsford 1 0.3
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Figure 8.1 Age of respondents

were constructed in the last three years).
The survey findings were categorised according to

aspects of:

! Streetscape.

! Parking.

! Main safety concerns.

! Road safety.

! Non-motorised road users.
! Accidents.

! Pavement.

These are discussed in the next section.

2 The household survey sample did not provide any statistically
significant responses because of the small number of questionnaires
completed at each site. For this reason, caution should be taken when
referring to the percentage of responses in the analysis.
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disliked about their streets with respect to the liveability of
the streetscape. These are shown in Figures 9.1 and 9.2.

Over 120 (40%) of respondents liked their street
because it was quiet. Other aspects of their streets that
were liked included friendly neighbours, pleasant location
and proximity to local amenities. Personal safety and
security issues were also cited as positive aspects, for
example ‘security awareness/safety’ was in ninth position,
and ‘community spirit’ in sixteenth position which
included participation in ‘Neighbourhood Watch’ schemes.
For example, one respondent suggested as a way to
improve safety:

‘A “homewatch” scheme should be introduced – it would
get the neighbours talking’ (Manchester resident).

Figure 9.2 shows that parking issues were the most
frequent issue disliked by 97 respondents. This included
having problems parking, other people parking
inconsiderately and problems with other residents using
designated parking spaces. Other stated concerns related to
road traffic, including high traffic speeds and through
traffic. The design of streets was also frequently disliked,

9 Residents opinions

9.1 Streetscape
The Manual for Streets is intended to deliver safe and
functional streets and meet the Government’s
‘placemaking’ agenda, hence the respondents were asked
to list the three things they liked and the three things they

41%

14%

16%

9%

7%

13%

Less than 3 years

3 to 4 years

5 to 9 years

10 to 14 years

15 to 19 years

20 years or over

Figure 8.3 Length of time lived in property

Figure 9.2 Respondents’ ‘dislikes’ about their streets
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Figure 9.1 Respondents’ ‘likes’ about their streets
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including issues such as house frontages opening out onto
roads, the design of isolated footpaths and houses being
too close to footpaths.

Personal safety and security were also stipulated as
concerns amongst residents. For example, the presence of
‘youths’ was the thirteenth most stated dislike, crime the
fifteenth, and street lighting the seventeenth.

Respondents were asked to what extent elements of
street design are a concern to them and their responses are
reflected in Figure 9.3.

9.2 Parking
‘When designing new towns and streets, more consider-
ation should be given to parking’ (Lower Earley resident).

The survey revealed that parked vehicles were major
concerns for residents about their streets. This is not
unsurprising given that 37% of respondents have two vehicles
per household, hence it is likely that parking facilities for
residents are stretched to capacity, especially at historic sites,
where off-road parking is at a premium and the majority of
vehicles are parked on the street. Parking is a factor that
residents believe should be incorporated into street design, as
the above quote illustrates.

9.2.1 Car use and off-street parking
The survey revealed that 82% of residents have access to a
car as the driver, with 90% of respondents having access to
a car as either the driver or a passenger. Figure 9.4 shows
that over 125 respondents have one vehicle per household
and 110 respondents have two vehicles per household. A
significant number of respondents therefore are motorists
and require parking for at least one or two cars.

Figure 9.5 indicates that over a third of respondents
have access to two off-street car park spaces. Over a fifth
of respondents have access to one off-street parking space.
As only 17.4% of respondents have no off-street parking
facilities one might assume that parking is not a significant
issue as the majority have one car and two car parking
spaces. However, the respondents’ comments suggest that
some residents might not effectively use their allocated
parking spaces. For example:

! ‘People with garages or off-street parking that do not use
them and park on the street instead’ (Lavenham resident).

! ‘People do not use their allocated parking spaces’
(Portishead resident).

Hence, the provision of allocated off-street parking spaces
is not a guarantee that people will use them effectively.
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Figure 9.5 further illustrates that over 50 respondents
(17.4%) have no off-street parking at all, of whom 34
reside in the ‘historic’ sites. This implies that parking is
more likely to be an issue at these sites, especially for
households with multiple car ownership. However, 18% of
respondents from the historic sites claimed not to have
access to a car, which could indicate that residents are less
reliant on cars and possibly that historic sites are closer to
town centres and amenities.

9.2.2 Parking problems
Figure 9.6 shows that the majority of respondents (42%)
claimed that being able to park outside their home was not
a problem, with 31% stating there was ‘sometimes a
problem’ and 17% that there was ‘a big problem’.

Table 9.1 Parking problems at specific sites

Sites without parking problems
Belgravia 100% of respondents said there was no problem.

Beaulieu Park 73% of respondents said there was no problem.

Sites with parking problems
New Town 90% of respondents said there was a problem, of

which 50% said it was a ‘big problem’.

Eastleigh 62% of respondents said there was a problem, of
which 40% said it was a big problem.

of respondents said that vehicles parked on the road near
their home ‘a lot of the time’, 22.5% said ‘sometimes’ and
14.5% said that drivers did not park near their home at all.

Figure 9.8 illustrates the extent of on-street parking, with
vehicles parking on both sides of the street and parking on
kerbs and pavements, reducing the width of footways.

Fifty five percent of respondents in new build sites and
56% in historic sites said that people park their vehicles on
the road/footway near their home ‘a lot of the time’,
compared with 36% of respondents at DB32 compliant
sites (these are summarised for specific sites in Table 9.2).

In addition, when asked whether vehicles parked on the
road caused concern in terms of road safety or personal
security, 51% of all respondents said they were concerned
with vehicles parked on the road (see Figure 9.3). New
build sites were shown to be more concerned about
vehicles parked on the road in comparison to other sites
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Figure 9.5 Number of off-street parking spaces on respondents’ properties
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Figure 9.7 Do many vehicles park on the road/footway
near your home?

There was found to be little variation between sites, 53%
of residents at the historic sites stated that they have a
problem with parking compared with 46% and 47% for
new build and DB32 compliant sites respectively, which
correlates with the proportion of residents who have off-
road parking. Residents at historic sites have less off-street
parking capacity and are therefore more likely to
experience problems parking in limited on-street parking
spaces. Table 9.1 summarises individual sites where
parking is and is not deemed to be a problem.

9.2.3 Parked vehicles
Residents were asked about whether many vehicles park
on the road outside their home. Figure 9.7 shows that 52%
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Table 9.2 Sites with vehicles parked outside their home
‘a lot of the time’ and ‘sometimes’

Site Percentage of respondents 

Lichfield 100.0%
New Town 90.0% 
Eastleigh 83.3%
Jericho 66.7%
Belgravia 66.7%
Chichester 58.6%
Manchester 57.1%
Lavenham 55.6%
Guildford 52.0%

Figure 9.8 Parking in New Town

Table 9.3 Case study sites with high proportions of
concern over parked vehicles

Site Percentage of respondents concerned

Portishead 78.9% 
Lichfield 72.0%
New Town 60.0% (50.0% ‘very concerned’)
Chichester 60.7%
Manchester 60.0%

(by a factor of 10%). Specific sites showed high
proportions of concern over parked vehicles in the road
and are summarised in Table 9.3.

gave ‘plentiful parking’ as one of the factors they liked
about their street. In contrast, 19% of respondents gave
parking issues as a ‘dislike’ about their street.

9.2.4 Respondents’ issues with parking in their street
The issues respondents have with parking relate to access,
safety and aesthetics.

Firstly, parking is identified as a main culprit in
restricting access to streets. For example:

! ‘Access to my drive is often affected by cars parked on
the street’ (Lichfield resident).

! ‘There are not enough parking spaces, so cars
sometimes block drives’ (Guildford resident).

Respondents also refer to the reduced visibility that parked
cars cause, which both restricts access and has an effect
on safety:

! ‘You can’t drive through. Cars park on bends and block
the footpath’ (Beaulieu resident).

! ‘Cars parked on double yellow lines at street corners
obstruct the view of the driver’ (Chichester resident).

! ‘There is a slalom effect driving down the road and
vision is obscured on the bend of the road’ (Lower
Earley resident).

! ‘Cars are unable to drive straight through and wait to
take their chance to pass’ (Chichester resident).

This implies that these streets are not functioning as they
should because, according to the perceptions of residents
in these streets, on-street parking creates hazardous driving
conditions and impacts on access.

Respondents also commented on the impact of narrow
roads. Respondents referred to how difficult it is to
manoeuvre in narrow roads and how narrow roads plus
on-street parking leads to congestion. For example:

! ‘The streets are too narrow for the masses of people
living in the area and visitors have to park elsewhere’
(Portishead resident).

! ‘The neighbours opposite have a terrible time, often having
damage done to their cars by traffic squeezing by. They
park on one side of the road, but traffic has to go up on
pavements on our side of the road’ (Guildford resident).

Figure 9.9 reflects respondents’ concerns about narrow
roads and parking, where parking has transformed the road
into a single-traffic road and created hazards for drivers
attempting to negotiate the road.

These issues raised are supported by the accident and
near miss incidents reported by respondents in the survey.
20 out of 66 of those respondents who provided details of
the accident/near miss they were involved in were related
to parking. When describing these accidents, respondents
referred to street parking on blind bends, narrow roads
forcing one vehicle onto the other side of the road and
where parked cars significantly reduce visibility.

Indeed, the primary research documented in Section 7
suggests that, while parking on links appears to be
detrimental to safety, there is also a correlation between
roads with no on-street parking and higher speeds,

Figure 9.3 also shows the following respondent
concerns with regard to parking:

! Over 50% of all respondents revealed concern about
vehicles obstructing the footway. Residents in Lichfield
and Eastleigh showed most concern about vehicles
parked and obstructing footways (68% and 61.1% of
respondents respectively).

! 27% of all respondents were concerned about shared
parking areas. In Eastleigh, 68% of respondents were
concerned over shared parking areas.

Parking as a prime issue is also shown in respondents’
comments about what they like and dislike about their
street (see Figures 9.1 and 9.2). Only 1.3% of respondents
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indicating that drivers adapt and reduce their speeds when
sight lines and road widths are reduced. Hence, for roads
where sight lines and road widths are increased because
there are no parked cars to reduce visibility, arguably
drivers will adapt and increase their speeds leading to a
more risky environment.

Respondents also commented on the design of parking
in the street. Issues were raised about there not being
enough off-road parking:

! ‘There is not enough parking provided for houses, some
houses on the street are four bedroomed, with only one
off-street parking space’ (Portishead resident).

! ‘With only having one parking space and two cars,
I would like to park outside, but can’t’ (Manchester
resident).

However, some respondents note that it is people who
have too many cars that cause the problem and not the
design:

! ‘People in executive houses use the road mainly to park
cars and some appear to have two or more’ (Manchester
resident).

! ‘Many old houses with single frontages own 2 or 3 cars,
so they have to park in front of someone else’s house’
(Lichfield resident).

A further issue raised about the lack of parking is
residents’ frustration at not having anywhere for visitors to
park and others who are frustrated by non-residents
parking in their spaces:

! ‘Too many cars park here as there is no parking
restriction, so other people from other streets come and
park there and leave it’ (Tower Hamlets resident).

School traffic is a particular issue:

! ‘School run parking causes double parking, pavement
parking and blocks driveways’ (Lichfield resident).

! ‘School run mindless parking’ (Lichfield resident).

! ‘It is a school location and there is easy access through
the close, but there should be better parking access for
parents. When off loading and loading at school time,

parking is haphazard. All rules of the road are not
adhered to’ (Chichester resident).

To resolve parking issues, residents highlighted two
main points. Firstly, parking should be restricted:

! ‘Lines to stop on street parking where dangerous to do
so or where double parking may occur’ (Beaulieu Park
resident).

! ‘No more street parking at all. Cars could go in an
underground car park’ (resident’s location unknown).

! ‘Stop cars from parking on both sides of the road –
encourage people to use driveways and garages’
(Portishead resident).

! ‘Widen road or put double yellow lines down so two
cars can pass on the road without having to drive on
pathway’ (Portishead resident).

! ‘Council enforcement of parking regulations. Too many
householders think they have a right to park as many
vehicles as they please, despite others having paid to
park’ (Eastleigh resident).

These comments convey a desire to limit parking by
using road markings, better enforcement or alternative
designs to deal with the problem. Secondly, to improve
safety, residents would like to see more off-street parking
designated, for example:

! ‘Allocate more off street parking for each home at time
of build. Why would any Local Authority think homes
selling for £300K plus will attract purchasers with only
one vehicle. Madness!’ (Portishead resident).

! ‘If parking was sorted, this would improve safety.
Maybe a car park for residents would help’ (Guildford
resident).

This implies that residents feel that street design should
accommodate cars, rather than attempting to restrict car
parking and promote more sustainable travel modes such
as provision for cyclists and bus routes.

Aesthetically, respondents highlight how parking,
‘spoils the look’ (Bloxham resident) of their street and,
‘makes it congested and looks very ugly’ (Guildford
resident). This further adds to respondents’ unpleasant
experiences of their streets due to parking issues.
However, one resident commented:

! ‘Parking is provided away from road to improve
aesthetics. Of course people don’t use it and park on the
narrow street. This is ridiculous, people want to park
near the door, especially when they have kids/shopping/
elderly. Improving aesthetics has caused the problem in
our street’ (Lichfield resident).

Street design therefore faces a dilemma: how to improve
aesthetics by providing parking away from houses and yet
still allowing access for those who need it, especially
vulnerable groups, notably elderly and disabled people.

9.3 Main safety concerns
Respondents were asked what they considered the main
safety threat to be on their street. Figure 9.10 shows that
the highest proportion of respondents (46%) considered

Figure 9.9 Parking on a narrow road in Jericho, Oxford
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‘danger from road traffic’ to be the main safety threat in
their street. For example, one respondent commented:

‘Road safety is the main issue and with further
development proposed within the immediate
location it is sure to escalate further. We have had
a number of street protests and we are petitioning
as much as possible for a solution to this growing
problem’ (Guildford resident).

Table 9.4 illustrates the ‘other’ safety threats that
respondents provided. Of these ‘other’ threats, poor
driving, parked cars and narrow roads relate to road safety
issues. Hence, 48.2% of respondents considered road
safety issues to be the main safety threat.

Road traffic as the main safety threat is supported by
respondents’ comments about what they dislike about their
streets (Figure 9.2) including:

! High traffic speeds.

! Through traffic.

! Traffic volume.

! Narrow roads.

! Poor roads.

! School traffic.

! Inconsiderate motorists.

! Street being a turning point for cars.

Over half of respondents referred to road safety issues as
a dislike about their street. The accident and near miss data
show that 26% of respondents said they had been involved
in an incident, which might be considered high considering
the low trafficked streets surveyed.

Table 9.5 indicates new build sites had the highest
proportion of reported accidents and near misses from
amongst the residents surveyed. However, this difference
is small and not statistically significant.

46%

29%

16%

9%

Danger from road traffic

Danger from crime

Both

Other

Figure 9.10 Main safety threat

9.4 Road safety
Residents generally considered that road safety was the
main aspect of concern within their neighbourhood. The
questionnaire explored the underlying reasons for these
concerns. One of the key issues that arose was traffic speed
in the residential area, and over half (52.8%) of respondents
claimed to be either ‘very’ or ‘quite’ concerned about
speeds when asked about road and personal safety issues in
their street.

In New Town (Reading), this was of particular
concern: 80% of respondents were either ‘very’ or ‘quite’
concerned about vehicle speeds. Other sites where higher
percentages of respondents indicated concern over high
vehicle speeds include:

! Eastleigh (77.8% of respondents concerned).

! Lichfield (72% of respondents concerned).

Confirmation of the issue with speeds was obtained
from comments about how residents would improve safety
in their streets. Over 100 comments were received
referring directly to improving speed calming measures
such as road humps, lower speed limits and enforcing
speed limits. For example, respondents requested:

! ‘More traffic calming schemes in the narrow streets on
new estates’ (Eastleigh resident).

Table 9.4 Main safety threat ‘other’ responses

Main safety threat ‘other’ responses Percentage

Poor driving 0.4%
Parked cars 1.1%
Drugs 0.7%
Isolated cycle path 0.4%
Poor street lighting 0.7%
Narrow roads 0.7%
Pavements 0.7%
Children playing 0.4%
None 4.3%

Given that the Manual for Streets is intended to deliver
safe and functional streets and meet the Government’s
‘place making’ agenda, personal safety and security issues
are an important part of the analysis:

! ‘In future, design out back alleys – I always refer to
them as ‘burglar paradise’ as it allows access via the
side of the house’ (Eastleigh resident).

! ‘There is a bus that comes near to the area, but you have
to walk along a long lonely road or across a very lonely
field to get to the local bus service’ (Newhall resident).

! ‘Street lighting is not very well placed for cut through
walkway opposite. One street light could be moved a
small distance, which would make all the difference’
(Lower Earley resident).

At DB32 compliant sites (Lower Earley, Reading and
Leicester), the main threat is considered to be ‘danger from
crime’ (45.7%), with 32% of respondents citing ‘danger
from road traffic’ as being the main threat to safety.

Table 9.5 Accidents / near misses recorded by site
characteristic

Number
of reported

Site No accidents/ Percentage
characteristic respondents near misses of respondents

New build 162 56 34.6%
Historic 79 25 31.6%
DB32 compliant 47 10 21.3%
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Figure 9.11 Safety of different street users with regards to
danger from road traffic

! ‘Road humps or speed signs that light up on excess
speed’ (Lichfield resident).

! ‘Clear signs and well enforced 10 mph speed limit’
(Eastleigh resident).

! ‘Advance warning to motorists that the area is a 20 mph
zone’ (Leicester resident).

Another lesser impact that influenced residents’
perception of traffic safety was flow: 27.3% of respondents
expressed concern over the number of vehicles passing
through the street. This appeared to be a particular issue
for residents in the historic sites. This could be a result of
the lack of off-street parking spaces at historic sites and the
narrow road widths, leading to congestion. Specific sites
with notable concerns about the number of vehicles in
their street include:

! New Town (50% of respondents concerned).

! Eastleigh (44.4% of respondents concerned).

! Bloxham village (44.4% respondents concerned).

Two of these were historic sites, and the other was a
new development. Furthermore, none of these sites had
particularly high flows (see Section 4), particularly in
relation to the other sites. Residential perception of high
flows must therefore be influenced by other factors in the
street design.

Other concerns relating to road safety include:

! 38% of all respondents were concerned about the lack of
visibility for drivers.

! 15% of all respondents were concerned about the lack of
footways.

! Over 33% of all respondents were concerned about large
vehicles.

! 28% of all respondents were concerned about the lack of
cycle paths.

! 29% of all respondents were concerned about the lack of
visibility for pedestrians.

! 19% of all respondents were concerned about the lack of
pedestrian crossings.

Once more the greatest other safety concern for
residents was over traffic, in this case the lack of visibility
for drivers. All main aspects of traffic that result in higher
accident rates (flow, speed and visibility) were cited
amongst the highest concerns.

9.4.1 Walking and cycling safety
The Manual for Streets is intended to act as a guide to
ensure streets are functional and safe for all road users. It
has also been prepared against a backdrop of sustainable
development initiatives and guidance. As a result, the issues
and experiences of non-motorised users (comprising 9.5%
of the sample) are vital components and are now discussed.

Respondents were asked to comment on how safe they
considered their street to be, with regards to danger from
road traffic for both children and adults to walk and cycle.
Figure 9.11 shows that 12% of respondents consider their
streets unsafe for adults walking due to road traffic (this
includes both ‘very’ and ‘quite’ unsafe responses). The

same proportion also considered adults to be unsafe whilst
cycling. Twenty seven percent of respondents consider
their streets to be unsafe for children walking and 41% of
respondents considered children cycling to be unsafe as a
result of road traffic.

DB32 compliant sites reported the lowest amount of
‘unsafe’ responses to this question. 8.5% of respondents
considered it unsafe for adults to cycle, compared to
25.5% for new build and 15.6% for historic sites.

Over 50% of respondents were either ‘very’ or ‘quite’
concerned about ‘vehicles parked obstructing footways’
(see Figure 9.3). Vehicles obstructing footways was also a
common theme that emerged from the respondents’
comments, for example:

! ‘Cars park fully on the pavement so you have no choice
but to walk in the road, others park on bends so you
cannot see what is coming’ (Charlton Down resident).

! ‘Children have to walk on the road to get round cars
parked on the pavement’ (Leicester resident).

Figure 9.3 illustrates respondents’ concerns relating to
non-motorised road users. These are summarised as follows:

! 15.2% of all respondents were concerned about the lack
of footways.

! 28.0% of all respondents were concerned about the lack
of cycle paths.

! 29.0% of all respondents were concerned about the lack
of visibility for pedestrians.

! 18.6% of all respondents were concerned about the lack
of pedestrian crossings.

In terms of concern over the lack of cycle paths, over a
fifth of respondents consider this question ‘not applicable’
indicating that cycle use is minimal among the resident
sample.

9.4.2 Safety of children
The survey also considered the safety of children of
different ages. Figure 9.12 shows that 70.8% of
respondents consider it unsafe for pre-school children to
play unsupervised. Many respondents criticised this
question, suggesting that pre-school children should never
be left unsupervised. Over half (54.1%) of respondents
believed their street is unsafe for primary age pupils to
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play unsupervised, while 27% of respondents considered
their streets to be unsafe for secondary school age children.

Respondents were asked to provide reasons if they gave
‘unsafe’ as a response. These are summarised in Table 9.6.
The main reason given for ‘unsafe’ responses across all
age groups was the speed of traffic. This correlates with
respondents’ concerns about road safety in their street.
Respondents were most concerned about high traffic
speeds (as previously discussed).

Eighty percent of New Town respondents considered
their streets unsafe for pre-school age children, with 70%
providing speed of traffic as the reason.

9.4.3 Improving road safety in residential streets
In addition to improving road safety by the speed calming
measures discussed in section 9.4, other common themes
were cited by respondents. These include:

! Making the street ‘one-way’: ‘A solution would be to
adopt a one way system in part of the area. This would
allow an element of on street parking without
compromising traffic safety and flow’ (Portishead
resident).

! Better road maintenance: potholes in the road are
dangerous for all road users.

! Prohibiting large vehicles, including buses: ‘Stop buses
entering estates – roads are not wide enough and are too
winding to accommodate large single-decker buses’
(Leicester resident).

! Restricting access to the street: ‘Removal of all vehicles
would considerably improve safety, access and
aesthetics’ (Newhall resident).

! Road safety issues related to parking.

9.5 Accidents
Respondents’ perceptions about the safety of non-motorised
users in their street is reflected in the accident/near miss
incidents reported in the survey. 13.3% of accidents/near
misses recorded involved non-motorised road users
(pedestrians or cyclists). All of the non-motorised incidents
recorded involved a motorised road user. For example:

! ‘My daughter was riding her bike on the pavement and
a car reversed out of the drive and did not see her’
(Lichfield resident).

! ‘Leaving my car on foot and a car travelling on the
pavement at speed. I had to pull my children back’
(Guildford resident).

Non-motorised users are shown to be vulnerable to
motorised users. Clearly, there are issues with regard to
sharing the street space.

Figure 9.13 conveys how considerate respondents
believe motorists are to non-motorised street users.
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Figure 9.12 Safety of children spending time in their street
unsupervised by an adult

Table 9.6 Reasons for ‘unsafe’ responses

 Pre-school age Primary school age Secondary school age

Reason for unsafe response Frequency Percentage Frequency Percentage Frequency Percentage

Speed of traffic 135 46.7% 105 36.6% 53 18.5%
Amount of traffic 80 27.7% 56 19.5% 29 10.1%
Stranger danger 62 21.5% 47 16.4% 18 6.3%
Crime/mugging/physical assault 23 8.0% 24 8.4% 25 8.7%
Bullying from other children 19 6.6% 20 7.0% 19 6.6%

Table 9.7 How considerate are motorists towards non-
motorised road users by site type?

DB32 compliant New build Historic

Children walking 76.6% 70.0% 68.4%
Children cycling 74.5% 63.1% 61.8%
Children playing in the street 72.3% 57.5% 53.9%
Adults walking 83.0% 73.1% 76.6%
Adults cycling 72.3% 66.9% 64.9%

0

20

40

60

80

100

Children
walking

Children
cycling

Children
playing in

street

Adults
walking

Adults
cycling

Non-motorised road user

P
er

ce
nt

ag
e Very considerate

Fairly considerate

Fairly inconsiderate

Very inconsiderate

Figure 9.13 How considerate respondents perceive motorists
to be towards non-motorised road users

Approximately three quarters of respondents considered
motorists to be considerate to children walking, cycling
and playing in the street. Three quarters of respondents
also considered motorists to be considerate towards adults
walking and cycling. Respondents who cited motorists as
being considerate to non-motorised users are summarised
by site type in Table 9.7.



34

9.6 Non-motorised vs. Motorised users: Access
An overwhelming majority of the sample considered
travelling on foot or by bicycle to be easy and convenient.
Figure 9.14 illustrates that only 5% of respondents
consider the ease and convenience of travelling around
their street by foot to be either ‘bad’ or ‘very bad’.
Equally, 7% of respondents consider cycling to be ‘bad’ or
‘very bad’. A surprising 29.1% of respondents considered
this question not applicable, which might indicate that they
do not regularly use these modes of travel around the
streets in which they live.

! ‘Pavement on both sides is grassed, therefore people
tend to walk in the middle of the road, which is very
unsafe’ (Lichfield resident).

! ‘The council should get rid of grass pavements and
provide a proper tarmac style pavement all around the
road. These grass pavements force pedestrians into the
road because it is impossible to push prams etc in the
soft surface – more pedestrians in the road will
eventually result in an accident’ (Lichfield resident).

Figure 9.15 shows the grass verges in Lichfield.
Some respondents criticised pedestrian and cycle access

routes for encouraging crime:

! ‘Due to the cycle path, kids have thrown stones and
eggs, and broken fences as well as damaging trees and
shrubs’ (Lower Earley resident).

! ‘Our small set of local streets for a cul-de-sac with a
pathway through which is not needed at the end.
Closing this off would virtually eliminate crime’ (Lower
Earley resident).
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Figure 9.15 Grass verges as pedestrian walkways in
Lichfield

The design of pedestrian and cycle access routes for
non-motorised users could be exacerbating personal safety
fears for residents. This might particularly be the case for
DB32 compliant sites in Reading and Leicester, which
have spine and cul-de-sac road layouts. These layouts are
more likely to have isolated pedestrian and cycle routes
compared to more permeable and shared use streets, such
as Charlton Down.

9.8 Summary of household survey findings

The primary objective of this household survey was to
explore residents’ perceiptions. Results of the attitudinal
survey provide a better understanding of how highway
layouts that are considered successful, in terms of
casualties and driver behaviour (for instance sites
considered to be best practice by CABE) perform from the
perspective of street users and residents.

Conversely, 15% of respondents said that the ease and
convenience of travelling by car around their streets is
‘bad’ and ‘very bad’. An additional third of respondents
said that travelling around their street by car was
‘reasonable’.

Respondents also highlighted how hard it was to travel
around the street using ‘other’ modes of transport. These
included travelling by wheelchair and with a pram/buggy.
This is reflected in the respondents’ comments:

! ‘People in wheelchairs have their right of way blocked
by parked cars’ (Lavenham resident).

! ‘I can’t get past with a double buggy and can’t see
properly when crossing the road’ (Leicester resident).

Non-motorised users with specific needs therefore need
considering in street design, in particular those with
mobility constraints and vulnerable groups (people with
children and buggies, wheelchair users, deaf, blind and
partially sighted people, and older people).

9.7 Footways

Figure 9.2 conveys respondents’ dislikes about their street.
This shows that respondents considered poor footways and
poor amenities as pertinent issues after parking and traffic.
Poor footways affect pedestrian use and how safe
pedestrians feel using the footway. Poor amenities mean
that people without motorised transport can feel excluded.

The need for better pedestrian and cycle routes emerged
as an issue from respondents’ comments. Respondents
would like ‘more cycle friendly facilities’ and also criticise
the design of ‘grass verges’ as pavements, for example:
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The headline concern from the survey is that the majority
of residents have little appreciation for the attributes that
make streetscapes liveable, desirable and safe places to live
(for example, reduced clutter, public areas to encourage
children’s play, neighbourly interaction, reduced congestion
and sustainable travel).

Many respondents take particular issue with parking,
which reflects the bias in the sample of residents who own
a car, and in particular, households with multiple car
ownership. Other key findings are listed as follows:

! Danger from road traffic is considered to be the main
safety threat in the streets sampled.

! The main concern for respondents is high traffic speeds
in their streets. High traffic speeds are also given as the
main reason why roads are considered unsafe for
children of all ages.

! Non-motorised road users are vulnerable to motor
vehicles. Accidents and near misses reported by non-
motorised users all involve a motorised user. Children
cycling are perceived to be the most vulnerable.
However, the findings suggest that cycling as a mode of
transport is not widespread amongst respondents.

! In terms of personal safety and security, respondents are
particularly concerned about poor street lighting and
pedestrian walkways. Poor street lighting and deserted
walkways increase insecurity, encourage crime and
prevent residents from using their streets effectively and
using more sustainable modes of transport.

! The presence of parked vehicles in their street is a major
issue of concern for residents. On-street parking reduces
safety, access and the aesthetic qualities of streets but
conversely encourages lower speeds. The respondents
would prefer more off-street parking or for parking to be
restricted. The dilemma is how to respond to residents’
needs whilst attempting to prioritise non-motorised users
and more sustainable modes of transport.

! DB32 compliant sites performed consistently well in the
household survey with regard to road safety and
parking. These sites were viewed as safer from traffic by
respondents compared to historic sites and new build
sites but generated more negative responses with regard
to personal security. In fact, the hypothetical analysis of
junction spacing in Section 10 of this report indicates
that there are only small differences in the effect on
accidents using different road network layouts (when
comparing DB32 compliant spine and cul-de-sac layouts
with organic layouts that have more junctions and
greater permeability for pedestrians and cyclists).

! Specific case study sites that stand out are New Town,
Eastleigh and Lichfield. Respondents from these sites
considered them to be consistently unsafe, showing
concerns over vehicle speeds, the number of vehicles in
their street, the lack of footways, the lack of cycle paths,
the lack of visibility for drivers and the lack of visibility for
pedestrians. Both adults and children were considered to be
unsafe at these sites as a result of road traffic. Parking and
the resultant safety issues were also major concerns for a
high proportion of respondents at these sites.

Arguably, the Manual for Streets, which is aimed at
transport practitioners in their various capacities, will
reflect the user needs. However, it may be necessary to
inform the public of advancements in street design
contained within the Manual for Streets, in order to
manage their expectations about street function over form.

The next section explores the effect of crossroads and
junction spacing on predicted accident risk using a software
model to predict accidents on urban road networks.

10 Testing of network layout using SafeNet

10.1 Junction spacing
It has been identified by work carried out to date that the form
of highway layouts is to a significant degree shaped by
highway safety concerns, with some engineers keen to
maximise junction spacing and concentrate vehicle flows onto
links higher in the road hierarchy. The negative consequence
of this approach however can be to reduce permeability to
pedestrians and to concentrate the negative impacts of traffic.

A secondary element of research will therefore be to test
different highway layouts to determine whether, making
reasonable assumptions about the distribution of traffic
within those hypothetical networks, more casualties on
aggregate could be expected. This test was carried out
using SafeNet (TRL, 2006).

SafeNet (Software for Accident Frequency Estimation
for Networks) was originally developed in 1999 with the
support of the Department for Transport and was primarily
designed to predict the number of accidents per year that
would occur on an urban road network. SafeNet2 has been
developed over the past six years with the support of the
Highways Agency and extends the capability of SafeNet to
cover the trunk road network.

SafeNet is based on extensively researched accident-risk
models which started in the 1980s with the study of
roundabouts (see Maycock and Hall, 1984) and continued
with most of the junction and link types found on UK
roads, and in particular urban priority junctions and link
sections used here (Summersgill et al., 1996; Summersgill
and Layfield, 1996; Layfield et al., 1996). The studies
related accidents to traffic flow and to road geometry and
control variables.

SafeNet2 can be used to model road networks which
include:

! Urban single carriageway roads.

! Urban roads including minor junctions.

! Roundabouts and mini-roundabouts.

! Traffic signal junctions.

! Traffic calming measures.

It can be used to determine the safety implication of
changes to a network or the effect on safety of increased or
decreased traffic flows.

SafeNet2 uses vehicle flow, pedestrian flow and geometric
data for each junction and road link within the road network.
There are 4 levels at which the model can be used, ranging
from simple inflow data (Level 0) to vehicle turning flows,
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pedestrian flows, and geometrical data (Level 3). The analysis
here uses Level 1 models. The number of expected accidents
and casualties (fatal, serious, slight) can then be calculated for
a given junction or link. These values can then be summed to
give an estimate of the number of accidents that would be
expected to occur across the network as a whole.

10.1.1 Analysis
The area chosen for analysis was Thorpe Astley in
Leicester. This site is a typical DB32 layout with cul-de-sacs
and roundabouts onto the highway network. Flows were

estimated by Phil Jones Associates for all the junctions and
links within the given network, based on trip rates of 3
journeys inward bound and 3 journeys outward bound from
each house (see Figure 10.1). These values were then
entered into SafeNet2 together with the length of each link.
Pedestrian flows were not included in the analysis.
Geometric data was not included. The results showed that
the total vehicle casualties per year expected would be 0.03
(fatal), 0.40 (serious) and 1.89 (slight) giving an estimated
total of 2.32 casualties per year or 1.78 accidents per year.

Personal accident data was supplied by Leicestershire

Figure 10.1 DB32 network for SafeNet analysis
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County Council for 5 years which showed that there had been
3 slight accidents on the residential estate road junctions onto
the highway network and 2 slight accidents on the residential
estate roads giving an average of 1 accident per year overall.

Unconnected network (1)
Estimated by SafeNet 1.78 accidents per year (1)
Actual recorded 1 accident per year

These results show good agreement with the observed
accidents. It should be noted that the accident data supplied
by Leicestershire County Council stated that Thorpe Astley

is ‘an on-going settlement’ and the effect of this on the 5 year
accident data was unknown.

Connected network (2)
The roads in the DB32 compliant network (1) (see Figure
10.1) were connected so that the area was made more
permeable and the street layout more organic. The flows
through each line and junction were estimated, using the
same assumptions as in the original network, for the new
connected network (see Figure 10.2) and the SafeNet
analysis was repeated.

Estimated by SafeNet 1.85 accidents per year (2)

Figure 10.2 Connected network for SafeNet analysis (organic)
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Table 10.1 Results of SafeNet analysis compared with
actual accidents

 Accidents per year 

Network type Links Junctions Total
    
Actual 0.40 0.60 1.00
Estimated DB32 (1) 1.08 0.70 1.78
Estimated organic (2) 0.92 0.92 1.85
Estimated organic (3) 0.92 0.76 1.69

Table 10.2 Effect of varying major and minor flows on
accidents per year predicted by SafeNet

Accidents per year for given
percentage flow on minor arm 

Flow on major arm
(vehicles per day) 50% 25% 10%

5000 3.31 1.93 0.99
4000 2.48 1.45 0.75
3000 1.72 1.01 0.52
2000 1.03 0.61 0.32
1000 0.44 0.26 0.14
500 0.19 0.12 0.07
250 0.09 0.05 0.03
125 0.04 0.02 0.02

Accidents per year at crossroads
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Figure 10.3 Effect of varying major and minor flows on
accidents per year predicted by SafeNet

Connected network (3)
It was noted that two crossroads in the connected network
(2) (marked as solid black circles in Figure 10.2) had a
relatively high number of accidents per year. These two
crossroads were replaced by two roundabouts and the
SafeNet analysis was repeated.

Estimated by SafeNet 1.69 accidents per year (3)

10.1.2 Overall results
The overall link and junction results for the various networks
estimated by SafeNet are summarised in Table 10.1, together
with the average number of actual accidents recorded per
year over a 5 year period.

of 1000 vehicles per day the predicted accidents are less
than 0.5 per year.

In summary, the hypothetical analysis exercise,
undertaken using SafeNet, found that these types of
network (DB32 compliant versus organic) appear to
produce only small differences in the effect on accidents,
except when crossroads were substituted for roundabouts.
In support of this, an analysis of crossroad data found that
accidents markedly increase to over one per year when
flows on the minor arm exceed 1000 vehicles per day.
However, it should be noted that the number of accidents
overall was very low, no geometric or pedestrian flow
variables were included, and only one sample network
was tested.

The next section summarises the conclusions from this
research and offers some possible recommendations.

11 Conclusions

This report constitutes the evidence base for the standards
proposed in the Manual for Streets. Arguably, its radical
findings are ground breaking because they demonstrate
that residential street design can indeed be innovative, as
evidenced by the headline findings:

The SafeNet analysis showed that some of the data used
was outside the lower limits of the validated working range
of SafeNet (See Figures 10.1 and 10.2). The lower limit for
‘T’ junctions in SafeNet is 200 vehicles per day for the
main road and the lower limit for circulating flows for
roundabouts in SafeNet is 276 vehicles per day and for the
entry/exit to an arm is 305 vehicles per day.

There were slightly more accidents predicted by SafeNet
for the DB32 network (1) compared with the connected
organic network (2), but it should be noted that some of
the data used was outside the lower limits of the normal
working range of SafeNet.

Substituting two roundabouts for two crossroads, the
organic network (3) was predicted to have fewer accidents
than the original DB32 network (1).

Bearing in mind that, for these networks, SafeNet is
being used outside its normal working range (for some
junctions) there appear to be only small differences in the
effect on accidents using the different networks. However,
it is encouraging that the actual numbers of accidents per
year are below those predicted by SafeNet.

10.2 Crossroads analysis
SafeNet was used to study the effect of varying the vehicle
flows on the major and minor arms of a hypothetical
crossroads to see how the predicted accidents per year
varied, based on speeds of up to and including 40 mph.

Major road flows were varied from 125 to 5000 vehicles
per day in each direction and the flows on the minor arm
were varied from 10% to 50% of the major road flow. All
movements were across the junction only i.e. no turning.

Pedestrian flows were set to zero for the analysis.
The results of the analysis are given in Table 10.2 and

Figure 10.3. The results show that for the major road flows
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is an acceptable safety margin to stop should a danger
present itself. However, the margin of safety becomes
rapidly smaller below 40 metres, and sight distances of 20
metres are predicted to be unsafe unless other features are
employed to further reduce vehicle speed.

! Other factors that can affect speeds at junctions were
found to be block paving and junction markings. Block
paving was found to reduce approach speeds by
approximately 5 mph. The effect of having no junction
markings was less clear with the models disagreeing as
to whether removing them reduces speeds. The model
based upon ATC data, and therefore the most robust
dataset, predicted that removing junction marking
reduced approach speeds by between 3 and 6 mph.

Residents’ concerns

With respect to the perceptions of residents surveyed, the
following can be concluded:

! Residents’ opinions of their area, in particular with
respect to safety, were investigated in twenty housing
estates. The estates covered a mixture of historic sites,
new build sites and ones that were DB32 compliant.

! The main reasons for residents choosing to live in these
estates were because of the ambiance (quietness,
friendly neighbours) and the location of the houses in
relation to amenities.

! Across the sites there were mixed reactions to whether
personal, or road, safety issues were of most concern.
Residents at DB32 compliant sites considered personal
safety (in relation to crime) to be of the greatest concern,
but this was not the case at other sites. It is unclear
whether this was owing to higher crime rates at the
DB32 sites, the perception of road safety at other sites,
or a combination of both these factors. However, overall
nearly half the respondents considered road safety to be
the main issue, compared with nearly 30% who
considered personal safety to be the highest concern.

! One consistent comment stemming from this research in
relation to crime was the association of youth crime with
pedestrian and cycle routes. It was considered that these
resulted in various forms of vandalism, presumably if
these were off the main thoroughfares where
perpetrators are less likely to be observed.

! Generally, respondents considered their street to be safe
for adults walking, but less so for children. As would be
expected, they considered the danger to children playing
increased as age decreased. They also considered
cyclists to be at risk, with over 40% considering child
cyclists unsafe.

! Residents’ strongest dislikes about their area were
related to parking, in particular, inconsiderate parking
causing difficulties of access, or the misuse of
designated parking spaces. Inconsiderate parking
included parking on the footway and therefore impeding
pedestrians, parking on corners and reducing lines of
sight and parking resulting in difficulty for other
vehicles passing. Furthermore, respondents considered

! Lower speeds are associated with reduced road width
and reduced visibility, on both links and junctions.

! Site type (for example historic, new build, DB32
compliant etc) is not a significant determinant of speed.
Junction and link geometries (width and forward
visibility) are the important variables.

! Speed is known to be a key factor for road safety. The
findings of this research are consistent with this fact,
indicating that higher speeds on links increase the
likelihood of injury and its severity.

! Conflicting movements at junctions result in a higher
number of accidents, but geometry can lower speeds
which reduce both the chance and severity of accidents.

! Stopping distances on links and at junctions have a
margin of safety down to a visibility of a round 20 m in
the environments study, unless other speed reduction
features are incorporated.

! The sites included roads with a range of surface types,
varying use of speed restriction measures, different
levels of on-street parking and a range of forward
visibilities. The results are consequently applicable to a
wide range of estates throughout the UK. However, the
study could not encompass all situations. One site
(Belgravia) was significantly different from the others,
with wide road widths, large forward visibilities and
high traffic speeds. This site had to be excluded from the
analysis and therefore other exceptions could exist.

! Parking was found to reduce speeds on links and at
junctions by in the region of 2 to 5 mph. That is, drivers
react to the perceived danger by reducing their speed.
The effect of this on safety is unclear. Reducing speed
increases relative safety, but parked vehicles reduce
lines of sight and can consequently obscure (crossing)
pedestrians. Double parking was associated with higher
numbers of casualties in the STATS19 analysis.
Moreover, many of the reported near misses from the
household survey were related to parked vehicles. On
balance it would appear prudent to manage parking
within an estate design. The household survey
confirmed the importance to residents of having
adequate provision close to their home, but that
unmanaged on-street parking can cause issues and
possibly dangers. Design could therefore aim to either
use off-street parking, or reduce the interaction of
pedestrians with parked vehicles near to a thoroughfare.

! Reducing road width reduces drivers approach speeds, a
reduction from 10 to 5 metres was predicted to reduce
speeds on links by up to 4 mph and speeds approaching
junctions by up to 10 mph. Though these were absolute
width measurements, it is possible that the same results
may be achievable using psychological measures to give
the appearance of reduced width.

! The largest effect on speeds was found to be associated
with reducing lines of sight. A reduction from 120 to 20
metres reduced approach speeds by approximately
20 mph on links and 11 mph at junctions. Modelling has
shown the reduction in approach speed should result in
sight distances of 40 metres being relatively safe, i.e. there
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that available off-street parking was not often optimally
utilised, and nearly half of them had difficulties parking
outside their home.

! Parking on-street can result in streets not functioning in
the way they were designed, and this can create
hazardous driving conditions. Twenty of the sixty-six
incidents reported by respondents, who gave details of
accidents and near-misses, were related to parking.

! Through traffic, particularly the high speeds of vehicles,
was another major concern for residents: second only to
parking. Overall approximately half the respondents
were concerned about speeds, and in New Town
(Reading) 80% expressed a concern over speeds.

These results have been integrated into the Manual for
Streets in the form of appropriate standards for residential
street design, and will become the focus for Government
guidance on new residential streets.
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eg

ar
di

ng
 p

eo
pl

e’
s

th
ei

r 
qu

al
ity

 o
f 

lif
e 

w
as

 s
er

io
us

. 5
5%

 o
f 

al
l r

es
po

nd
en

ts
 th

ou
gh

t
at

tit
ud

es
 to

 s
tr

ee
ts

 a
s 

pa
rt

 o
f 

th
e 

bu
ilt

 e
nv

ir
on

m
en

t,
th

at
 tr

af
fi

c 
in

 th
ei

r 
ar

ea
 w

as
 d

an
ge

ro
us

 to
 p

ed
es

tr
ia

ns
 a

nd
 o

th
er

in
cl

ud
in

g 
pu

bl
ic

 o
pi

ni
on

 o
n 

re
si

de
nt

ia
l s

tr
ee

ts
. 

ro
ad

 u
se

rs
. O

f 
th

os
e 

th
at

 th
ou

gh
t t

ra
ff

ic
 w

as
 d

an
ge

ro
us

 in
 th

ei
r

ar
ea

, h
al

f 
th

ou
gh

t t
ha

t t
ra

ff
ic

 c
al

m
in

g 
w

ou
ld

 b
e 

a 
so

lu
tio

n.
 W

he
n

as
ke

d 
to

 r
at

e 
th

e 
qu

al
ity

 o
f 

th
ei

r 
st

re
et

 in
 te

rm
s 

of
 h

ow
 it

 is
 la

id
ou

t o
r 

bu
ilt

, 8
0%

 o
f 

re
sp

on
de

nt
s 

ag
re

ed
 it

 w
as

 p
le

as
an

t. 
Pe

op
le

w
er

e 
as

ke
d 

w
hi

ch
 u

se
rs

 s
ho

ul
d 

ha
ve

 p
ri

or
ity

 in
 th

ei
r 

st
re

et
 o

r
ro

ad
 if

 it
 w

er
e 

to
 b

e 
re

de
si

gn
ed

. P
ar

ki
ng

 f
or

 r
es

id
en

ts
 (

46
%

),
ch

ild
re

n 
pl

ay
in

g 
(4

35
) 

an
d 

w
al

ki
ng

 (
42

%
) 

w
er

e 
th

e 
th

re
e 

m
os

t
po

pu
la

r 
re

sp
on

se
s.

 6
7%

 o
f 

re
sp

on
de

nt
s 

ag
re

ed
 th

at
 it

 w
as

im
po

rt
an

t f
or

 th
em

 th
at

 th
ei

r 
st

re
et

 s
ho

ul
d 

ha
ve

 m
or

e 
‘s

of
t

la
nd

sc
ap

in
g’

 s
uc

h 
as

 tr
ee

s 
an

d 
gr

ee
n 

ar
ea

s.
 T

he
 m

aj
or

ity
 (

71
%

)
th

ou
gh

t t
ha

t i
t w

as
 im

po
rt

an
t f

or
 e

ve
ry

on
e 

to
 h

av
e 

a 
pa

rk
in

g
sp

ac
e 

ou
ts

id
e 

th
ei

r 
ho

us
e.

 P
eo

pl
e 

ge
ne

ra
lly

 th
ou

gh
t t

ha
t i

t w
as

im
po

rt
an

t f
or

 th
e 

st
re

et
 to

 b
e 

a 
go

od
 p

la
ce

 to
 s

to
p 

an
d 

ta
lk

 to
ne

ig
hb

ou
rs

 (8
1%

). 

R
es

po
nd

en
ts

 w
er

e 
as

ke
d 

w
hi

ch
 p

hy
si

ca
l 

qu
al

ity
 t

he
y 

lo
ok

ed
 f

or
w

he
n 

ch
oo

si
ng

 a
 p

la
ce

 to
 li

ve
. 8

0%
 s

ta
te

d 
fe

el
in

g 
sa

fe
 w

he
n

w
al

ki
ng

 a
ro

un
d,

 7
5%

 t
ho

ug
ht

 t
ha

t 
a 

go
od

 g
en

er
al

 e
nv

ir
on

m
en

t
w

as
 im

po
rt

an
t, 

w
hi

le
 6

6%
 lo

ok
ed

 f
or

 a
 w

el
l-

m
ai

nt
ai

ne
d 

st
re

et
.

80
%

 o
f 

re
sp

on
de

nt
s 

th
ou

gh
t t

ha
t i

t w
as

 im
po

rt
an

t f
or

 th
ei

r 
st

re
et

to
 b

e 
a 

hi
gh

 q
ua

lit
y 

en
vi

ro
nm

en
t 

(e
.g

. q
ua

lit
y 

pa
vi

ng
, g

re
en

ar
ea

s,
 s

tr
ee

t a
rt

).

D
im

en
si

on
s 

st
re

et
s 

an
d 

sq
ua

re
s,

Sc
ot

tis
h 

E
xe

cu
tiv

e 
(2

00
5)

.
T

hi
s 

PA
N

 f
oc

us
es

 o
n 

th
e 

de
si

gn
 o

f 
be

tte
r 

qu
al

ity
 r

es
id

en
tia

l
Sc

ot
la

nd
D

or
se

t C
ou

nt
y 

C
ou

nc
il’

s 
‘H

ig
hw

ay
 G

ui
da

nc
e 

fo
r 

E
st

at
e 

R
oa

ds
’

re
la

tio
ns

hi
p 

to
 b

ui
ld

in
g 

he
ig

ht
s

R
es

id
en

tia
l 

st
re

et
s,

 p
la

nn
in

g.
st

re
et

s,
 in

 p
ar

tic
ul

ar
, f

ac
to

rs
 w

hi
ch

 c
an

 c
re

at
e 

go
od

 q
ua

lit
y

(2
00

2)
 w

as
 p

ro
du

ce
d 

to
 e

ns
ur

e 
th

at
 e

st
at

es
 w

er
e 

no
 lo

ng
er

an
d 

m
as

si
ng

.
A

dv
ic

e 
N

ot
e 

74
.

st
re

et
s 

de
si

gn
.

in
di

st
in

gu
is

ha
bl

e 
fr

om
 e

ac
h 

ot
he

r 
an

d 
no

t 
re

la
te

d 
to

 t
he

ir
 l

oc
al

e.
T

he
 d

oc
um

en
t s

up
po

rt
s 

sp
ee

d 
re

st
ra

in
t t

ha
t i

s 
de

si
gn

ed
 in

to
 th

e
de

ve
lo

pm
en

t f
ro

m
 th

e 
be

gi
nn

in
g 

an
d 

is
 n

ot
 b

ol
te

d 
on

 a
s 

an
af

te
rt

ho
ug

ht
. S

pe
ed

 h
um

ps
 a

nd
 c

hi
ca

ne
s 

ar
e 

no
t 

ac
ce

pt
ab

le
, a

nd
sp

ee
ds

 a
re

 k
ep

t l
ow

 th
ro

ug
h 

th
e 

po
si

tio
ni

ng
 o

f 
ke

y 
bu

ild
in

gs
 a

nd
sp

ac
es

, a
nd

 r
ed

uc
in

g 
th

e 
ef

fe
ct

iv
e 

le
ng

th
 o

f 
ro

ad
 s

ec
tio

ns
 to

 6
0 

m
– 

sp
ee

ds
 s

ho
ul

d 
th

er
ef

or
e 

re
m

ai
n 

be
lo

w
 2

0 
m

ph
. J

un
ct

io
ns

 w
ith

re
du

ce
d 

ra
di

i a
re

 e
nc

ou
ra

ge
d,

 a
s 

ar
e 

sp
ee

d 
re

st
ra

in
in

g 
be

nd
s

(w
hi

ch
 li

m
it 

fo
rw

ar
d 

vi
si

bi
lit

y)
 a

nd
 v

ar
yi

ng
 th

e 
w

id
th

 o
f 

th
e

ho
ri

zo
nt

al
 a

lig
nm

en
t. 

O
n-

st
re

et
 p

ar
ki

ng
 is

 a
llo

w
ed

. 



48

K
ey

 c
on

te
nt

So
ur

ce
D

es
cr

ip
tio

n 
of

 s
ou

rc
e

C
ou

nt
ry

 o
f 

or
ig

in
R

ec
om

m
en

da
tio

ns
 /

 K
ey
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cl
us

io
ns

Q
ua

lit
y 

pl
ac

es
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C
on

tin
ue

d)

D
im

en
si

on
s 

st
re

et
s 

an
d 

sq
ua

re
s,

D
T

L
R

 a
nd

 C
A

B
E

 (
20

01
).

B
ri

ef
 r

ef
er

en
ce

 to
 f

ou
r 

po
ss

ib
le

 r
at

io
s 

of
 s

tr
ee

t w
id

th
 to

U
K

T
he

 k
ey

 is
su

e 
is

 th
e 

sp
ac

e 
be

tw
ee

n 
th

e 
bu

ild
in

gs
 in

 r
el

at
io

n 
to

re
la

tio
ns

hi
p 

to
 b

ui
ld

in
g 

he
ig

ht
s

B
y 

D
es

ig
n:

 b
et

te
r 

pl
ac

es
 to

 li
ve

.
bu

ild
in

g 
he

ig
ht

 (
re

si
de

nt
ia

l a
re

as
 o

nl
y)

. T
he

re
 is

 a
ls

o 
a

th
e 

sc
al

e 
of

 th
e 

bu
ild

in
gs

 a
nd

 th
e 

ac
tiv

iti
es

 ta
ki

ng
 p

la
ce

 in
 th

e
an

d 
m

as
si

ng
 (

co
nt

in
ue

d)
.

di
sc

us
si

on
 a

bo
ut

 ‘
se

tb
ac

ks
’ 

ag
ai

n 
in

 r
el

at
io

n 
to

 th
e 

m
od

el
st

re
et

. S
pe

ci
fi

c 
ra

tio
s 

sh
ou

ld
 b

e 
ta

ke
n 

as
 a

 g
ui

de
 o

nl
y 

an
d

pr
ov

id
ed

 b
y 

Po
un

db
ur

y.
ad

ap
te

d 
to

 th
e 

le
ve

l o
f 

ac
tiv

ity
 a

nd
 th

e 
co

nt
ex

t.

M
in

im
is

in
g 

cl
ut

te
r 

/ 
si

gn
ag

e 
/

E
ng

lis
h 

Pa
rt

ne
rs

hi
ps

 /
 L

le
w

el
yn

T
he

 U
rb

an
 D

es
ig

n 
C

om
pe

nd
iu

m
 o

ff
er

s 
an

 o
ve

rv
ie

w
 o

f
U

K
B

ri
ef

 r
ef

er
en

ce
 to

 p
re

va
le

nc
e 

of
 s

lo
pp

ily
 d

ra
w

n 
lin

es
 a

nd
 n

ee
d 

to
m

ar
ki

ng
s.

D
av

ie
s 

(2
00

0)
. U

rb
an

 D
es

ig
n

ur
ba

n 
de

si
gn

 b
es

t p
ra

ct
ic

e 
in

 th
e 

U
K

 a
nd

 I
nt

er
na

tio
na

lly
.

co
ns

id
er

 r
oa

ds
/s

tr
ee

ts
 m

or
e 

se
ns

iti
ve

ly
.

C
om

pe
nd

iu
m

.
It

 c
ov

er
s 

a 
w

id
e 

ra
ng

e 
of

 in
te

rr
el

at
ed

 to
pi

cs
 w

hi
ch

 p
ro

vi
de

pr
ac

tit
io

ne
rs

 w
ith

 a
 r

ef
er

en
ce

 g
ui

de
 o

f 
w

ha
t w

or
ks

 w
el

l
Pu

bl
ic

 R
ea

lm
 c

on
ta

in
s 

m
an

y 
di

ff
er

en
t 

el
em

en
ts

 w
hi

ch
 n

ee
d

an
d 

w
hy

.
ca

re
fu

l 
co

ns
id

er
at

io
n.

 T
he

 d
es

ig
n 

co
m

pe
nd

iu
m

 a
rg

ue
s 

th
at

 t
hi

s 
is

no
t 

of
te

n 
ac

hi
ev

ed
 w

el
l 

w
ith

 t
oo

 m
an

y 
or

ga
ni

sa
tio

ns
 p

ut
tin

g 
in

to
o 

m
an

y 
di

ff
er

en
t e

le
m

en
ts

 to
 th

e 
pu

bl
ic

 r
ea

lm
 in

 a
n

un
co

or
di

na
te

d 
m

an
ne

r. 
T

hi
s 

ca
n 

le
ad

 t
o 

ex
ce

ss
iv

e 
cl

ut
te

r 
w

hi
ch

ca
n 

ha
ve

 n
eg

at
iv

e 
ef

fe
ct

s 
on

 n
on

-c
ar

 u
se

rs
. T

he
y 

ci
te

 th
e

ex
am

pl
e 

of
 s

he
ep

-p
en

 s
ty

le
 tr

af
fi

c 
cr

os
si

ng
s 

w
hi

ch
 p

ro
vi

de
 f

re
e

fl
ow

 f
or

 t
ra

ff
ic

, w
hi

le
 i

m
pe

di
ng

 p
ed

es
tr

ia
n 

m
ov

em
en

t.

T
he

y 
m

ak
e 

fo
ur

 s
pe

ci
fi

c 
re

co
m

m
en

da
tio

ns
 in

 r
el

at
io

n 
to

 s
tr

ee
t

cl
ut

te
r:

 
1

R
em

ov
e 

su
pe

rf
lu

ou
s 

an
d 

ob
so

le
te

 e
le

m
en

ts
 –

 e
st

ab
lis

h 
vi

su
al

lo
gi

c 
w

ith
 c

le
ar

 m
es

sa
ge

s 
fo

r 
dr

iv
er

s,
 c

yc
lis

ts
 &

 p
ed

es
tr

ia
ns

.
2

D
es

ig
n 

sp
ac

e 
so

 f
un

ct
io

ns
 a

re
 c

le
ar

 a
nd

 s
o 

ne
ed

 f
or

 s
ig

ns
 is

m
in

im
is

ed
.

3
H

id
e 

it 
or

 f
la

un
t i

t –
 s

om
e 

el
em

en
ts

 a
re

 n
ec

es
sa

ry
 e

vi
ls

 –
w

he
re

 th
ey

 c
an

no
t b

e 
hi

dd
en

 th
ey

 s
ho

ul
d 

be
 tr

ea
te

d 
as

 a
 f

or
 o

f
pu

bl
ic

 a
rt

 a
nd

 h
ig

hl
ig

ht
ed

 t
ai

lo
re

d 
to

 t
he

 s
pe

ci
fi

c 
co

nt
ex

t.
4

Pr
od

uc
in

g 
a 

co
m

pr
eh

en
si

ve
 a

nd
 c

oo
rd

in
at

ed
 s

tr
at

eg
y 

of
el

em
en

ts
 f

or
 e

ac
h 

sp
ac

e 
– 

ag
ai

n 
co

nt
ex

t d
ri

ve
n.

 

E
ng

lis
h 

Pa
rt

ne
rs

hi
ps

 /
 L

le
w

el
yn

U
K

In
 r

el
at

io
n 

to
 s

ig
na

ge
, t

he
 C

om
pe

nd
iu

m
 s

ug
ge

st
s 

th
at

 s
ig

na
ge

 f
or

D
av

ie
s 

(2
00

0)
. U

rb
an

 D
es

ig
n

pe
de

st
ri

an
s 

an
d 

cy
cl

is
ts

 is
 a

s 
im

po
rt

an
t a

s 
th

at
 f

or
 m

ot
or

is
ts

.
C

om
pe

nd
iu

m
.

T
he

y 
su

gg
es

t f
ou

r c
on

si
de

ra
tio

ns
: 

1
C

on
si

st
en

t 
an

d 
co

-o
rd

in
at

ed
 d

es
ig

n.
2

M
ak

in
g 

th
e 

st
ru

ct
ur

e 
of

 th
e 

pl
ac

e 
le

gi
bl

e 
so

 a
s 

to
 m

in
im

is
e

th
e 

ne
ed

 fo
r s

ig
ns

. 
3

C
on

ce
nt

ra
tin

g 
pe

de
st

ri
an

 s
ig

na
ge

 a
t 

ke
y 

no
da

l 
po

in
ts

.
4

Im
pl

ic
it 

ro
ut

in
g 

de
fi

ne
d 

by
 t

he
 p

av
in

g 
ty

pe
 a

nd
 o

th
er

m
et

ho
ds

 t
o 

ea
se

 o
ri

en
ta

tio
n.

O
D

PM
 (

20
04

). 
Sa

fe
r 

pl
ac

es
:

Sa
fe

r 
Pl

ac
es

 is
 in

te
nd

ed
 a

s 
a 

ge
ne

ra
l g

ui
de

 to
 th

e 
br

oa
d

U
K

T
he

 p
la

ci
ng

 o
f 

st
re

et
 f

ur
ni

tu
re

, e
sp

ec
ia

lly
 b

y 
ut

ili
ty

 c
om

pa
ni

es
,

th
e 

pl
an

ni
ng

 s
ys

te
m

 a
nd

 c
ri

m
e

pl
an

ni
ng

 p
ri

nc
ip

le
s 

ou
tli

ne
d 

in
 P

PS
1.

 T
he

 g
ui

de
 is

 n
ot

sh
ou

ld
 b

e 
ca

re
fu

lly
 c

on
si

de
re

d 
so

 a
s 

to
 m

in
im

is
e 

th
e 

lik
el

ih
oo

d
pr

ev
en

tio
n.

on
ly

 a
bo

ut
 d

es
ig

ni
ng

 o
ut

 c
ri

m
e,

 b
ut

 a
ls

o 
ab

ou
t 

pr
om

ot
in

g
of

 a
nt

i-
so

ci
al

 b
eh

av
io

ur
 s

uc
h 

as
 v

an
da

lis
m

. E
ac

h 
el

em
en

t o
f 

th
e

go
od

 d
es

ig
n 

le
ad

in
g 

to
 s

af
e,

 s
us

ta
in

ab
le

 a
nd

 a
ttr

ac
tiv

e
st

re
et

sc
ap

e 
ne

ed
s 

to
 b

e 
co

ns
id

er
ed

 a
s 

pa
rt

 o
f 

a 
to

ta
l w

ho
le

.
en

vi
ro

nm
en

ts
 th

at
 m

ee
t t

he
 f

ul
l s

et
 o

f 
pl

an
ni

ng
In

se
ns

iti
ve

ly
 p

la
ce

d 
ad

di
tio

ns
 a

re
 a

 p
ro

bl
em

 in
 m

an
y

re
qu

ir
em

en
ts

. T
he

 g
ui

de
 c

on
ce

nt
ra

te
s 

on
 h

ow
 t

he
 p

la
nn

in
g

st
re

et
sc

ap
es

 a
nd

 n
ee

de
d 

to
 b

e 
ta

ck
le

d 
on

 a
 c

oo
rd

in
at

ed
 b

as
is

.
sy

st
em

 c
an

 d
el

iv
er

 s
us

ta
in

ab
le

 e
nv

ir
on

m
en

ts
.
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sq
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N
oo
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zi
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 a
nd

In
ve

st
ig

at
io

n 
in

to
 th

e 
ef

fe
ct

s 
of

 tr
af

fi
c 

si
gn

s 
an

d 
ro

ad
N

et
he

rl
an

ds
T

he
 a

ut
ho

rs
 in

ve
st

ig
at

e 
th

e 
ef

fe
ct

s 
of

 tr
af

fi
c 

si
gn

s 
an

d 
ro

ad
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la
tio

ns
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p 
to

 b
ui

ld
in

g 
he

ig
ht

s
H

ag
en

zi
ek

er
 M

 P
 (

19
96

).
m

ar
ki

ng
s 

on
 s

af
et

y.
m

ar
ki

ng
s 

on
 s

af
et
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 r
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Appendix B: Case study sites

B.1 Research site characteristics

Rural / Housing Land Network
Characteristic Town Ward Region urban period use Density type

Historic (pre-war) Reading New Town South East Urban Victorian Mixed High Grid
Lavenham Suffolk South East Rural Medieval Residential Low Organic
Oxford Jericho South East Urban Victorian Residential High Grid
Bloxham Village Oxfordshire South East Rural Victorian Residential Low Organic
Chichester West Sussex South East Urban Medieval Mixed High Organic
London Belgravia South East Urban Victorian Mixed High Grid

Case study Charlton Down West Dorset South West Rural Post 90s Residential High Organic
Lichfield Darwin Park West Midlands Urban Post 90s Residential High Organic
Eastleigh Former Pirelli site South East Urban Post 90s Residential High Atypical grid
Newhall East Harlow East of England Suburban Post 90z Residential High Organic
Guildford Queen’s Park South East Urban Post 90s Residential Mid Organic
London Tower Hamlets South East Urban Post 90s Residential High Grid
Glasgow Crown St. Scotland Urban Post 90s Residential High Organic
Chelmsford Windley Tye East of England Suburban Post 90s Residential Low Court layout
Chelmsford Beaulieu Park East of England Urban Post 90s Residential Low Grid
Manchester Hulme North West Urban 1990s Residential Low Grid

New build Ipswich Rapier St. South East Suburban Post 90s Residential High Atypical grid
Portishead Port Marine South West Suburban Post 90s Residential Mid Organic

DB32 Compliant Leicester Syston East Midlands Urban 1980> Residential Mid Cul-de-sac with spine
Reading Lower Earley South East Urban 1980> Residential Mid Cul-de-sac with spine
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B.1.1 New Town, Reading

! Site approximately 1.5 km from Reading Town Centre. Bus route on nearby London Road.

! Site area: 12.6 ha.

! Approximately 623 housing dwellings.

! Housing density: approximately 49 dwellings per hectare (dph)

! Predominantly residential. One school nearby.

! Residential mix: mostly terraces. Some conversions into flats.

! Housing tenure: None assigned, although prices in this area are probably lower than the average amount in Reading.

! 20 mph speed limit throughout area introduced in mid nineties as a road safety scheme.

! Parking: oversubscribed. Most of the houses in New Town were built for the workers of the old Huntley and Palmer
Biscuit factory on King’s Road to live in and work. They were never intended to accommodate on street parking,
especially not on both sides of the road as occurs.

! Local planning authority and highway authority: Reading Borough Council.
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B.1.2 Lavenham, Suffolk

! 30 mph speed limit in place.

! Organic network type.

! Local planning authority: Suffolk County Council.
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B.1.3 Jericho, Oxford

! Site located outside Oxford’s old city walls in a historic area, north of the city.

! Site area: 7.5 ha.

! Approximately 693 dwellings.

! Housing development began in the nineteenth century.

! Residential mix: mostly two-up two-down terraced housing, some semi-detached and flats.

! Housing tenure: 25% of people live in owner-occupied property, 57% rent from private landlords and 18% rent from
social landlords, mostly the council.

! 30 mph speed limit on site.

! Grid network type with mostly on-street parking.

! Local planning authority: Oxford City Council.

! Local highways authority: Oxfordshire County Council.
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B.1.4 Bloxham Village, Oxfordshire

! Local planning authority: Oxfordshire County Council.

! 30 mph speed limit.
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B.1.5 Chichester, West Sussex

! Site located approximately 500 metres south west from Chichester town centre and approximately 1 km from the
rail / bus stations located to the west of the site.

! Site area: 4.4 ha.

! Approximately 278 dwellings.

! Site is residential and affords a mix of detached and terrace houses, ranging in age and condition.

! Housing tenure: not known.

! 30 mph speed limit.

! Some houses benefit from on-site parking whilst many rely on parking within the highway. Dwellings that benefit
from onsite parking provision do not normally exceed two spaces.

! Local planning authority: Chichester District Council.

! Highways authority: West Sussex County Council.
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B.1.6 Belgravia, London

! 30 mph speed limit.

! Local planning authority: Westminster City Council.
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The grid layout of Belgravia gives 
rise to high visibility levels at the 
majority of junctions, as can be 
seen in the image of junction 4. 
There were also clear views down 
the lengths of all measured links 
(link 1 = 122m, link 2 = 89m, link 3 
= 194m, link 4 = 183m). This can 
be seen in the image of link 4.
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B.1.7 Charlton Down, West Dorset

! Charlton Down is mostly housing development on the site of a former mental hospital 5 km north of Dorchester, Dorset.
A self-contained rural (village) development.

! When complete, the overall scheme will have 546 units, with a mix of apartments, terraced and detached units on a site
area of 48ha.

! The case study phase has a density of 30 dph net.

! Initial development phase: 1998 – 2005.

! Developer: Bellway.

! DB32 was not used specifically and the designers felt that they had pushed the boundaries in terms of street
specifications.

! Curvilinear layout of streets including cul-de-sac.

! Maximum vehicle speeds: 20 mph.

! Local Planning authority: West Dorset District Council.

! Highways authority: Dorset County Council.
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Charlton Down - West Dorset 

Charlton Down is a recently completed 
development situated in rural west Dorset. 
The picture shows one of several 
unconventional junctions on the site. Low 
flows allow for these informal squares to be 
created, though there could be confusion if 
vehicles were crossing paths. The bollards 
beyond the junction are also typical of the 
site. They are used widely to demarcate the 
pavement and road, as an alternative to 
kerbs.
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B.1.8 Darwin Park, Lichfield

! Suburban area situated less than 2 miles south of Lichfield city centre, near to M6 toll road.

! Site area: approximately 33 ha.

! 1100 housing units when completed, supermarket, retail space.

! Housing density: approximately 33 dph.

! Residential mix: mixed apartments, terraced, semi-detached, detached.

! Housing tenure: 25% affordable housing.

! 20 mph speed limit on site.

! Parking ratio: believed to be approximately 1 or 1.5 per dwelling.

! Greenfield site.

! Development period: 1998 onwards (60% built). Due for completion in 2008/2009.

! Developer: Taylor Woodrow and Bryant Homes.

! Adopted Urban Design considerations. Curvilinear street layout. Some non-DB32 layouts used.

! Local planning authority: Lichfield District Council.

! Local highway authority: Staffordshire County Council.
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The Darwin Park development near 
Lichfield has some design elements which 
make it distinct from any other site included 
in the research. The photograph shows how 
grass has been used in some areas to 
make up the pedestrian surface. This may 
have aesthetic value but the practicalities, 
especially for a wheelchair user, can be 
challenged.

Another key characteristic of this site is the 
relatively low visibility levels on links (as 
shown in the picture) and junctions.
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B.1.9 Former Pirelli Site, Eastleigh

! Location: 0.5 km to the west of Eastleigh town centre, 0.5 km from junction 13 of the M3, south of Leigh road.
Proximity to town centre.

! Site area 11.7ha.

! 710 units (when complete).

! Density 60 dph gross.

! Mix of housing types, plus live work units and offices.

! Housing tenure: 17% affordable.

! 30 mph speed limit on site.

! Average residential parking to be no more than 1.5 spaces per unit. 33% of total parking to be shared on-street parking.

! Development period 2002-2006.

! Developers: Barratts and Kingsoak.

! DB32 loosely adhered to, design also influenced by Hampshire’s advice ‘Movement, access, streets and spaces’ adopted
in 2001.

! Local planning authority: Eastleigh Borough Council.

! Highways authority: Hampshire County Council.
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This site is a brownfield development in 
Eastleigh, to the northeast of Southampton. The 
atypical grid layout is characterised in this 
instance by built-in parking provision in the form 
of roadside bays. As the image shows, these act 
to drastically alter the visibility on links. A brick 
road surface has been widely used on the site, 
with some raised brick junctions. The site 
remains to be finished.

3

8

6

5

2

1

7

4

4

2 3

1

9

8



71

B.1.10 Newhall, East Harlow

! Large urban extension east of Harlow, Essex.

! Site area is 81ha.

! Population expected to reach 6000 in 2800 dwellings by 2018.

! Density 35 dph gross.

! Mixed land use. Residential mix of detached, terraced, semi-detached and flats plus community buildings, shops,
services, pubs. Site includes district centre.

! Housing tenure: 25% lower cost dwellings.

! 30 mph speed limit.

! Parking ratio of 1.7 per dwelling plus 15 visitor spaces for the ‘Abode’ parcel.

! Different parcels within each phase (50-100 units per parcel) built out by different developers. Overall developers:
Roger Evans Associates. Proctor Matthews Architects / Copthorn Homes, PCKO / Cala Homes also contributed.

! Development period started 2003. Not yet completed.

! Urban edge car-based Greenfield development.

! Street layout is deformed lattice shape.

! Local planning authority: Harlow District Council.

! Highways authority: Essex County Council.
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This recently developed site has an 
organic layout and has adopted 
numerous modern design elements. The 
picture gives an example of the shared 
spaces, planting in the carriageway and 
green public recreational areas. These 
wide junctions require care from drivers, 
but the plantings act to funnel vehicles 
and separate them from pedestrians.
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B.1.11 Queen Elizabeth Park, Guildford

! Located 2 miles north of Guildford, 30 miles west of London with close proximity to local bus routes and mainline
railway route into London. Easy access to M25 via A3.

! Site area 23 hectares including open space and commercial uses.

! 525 units mix of houses and flats.

! Housing density 23 dph.

! Mix of uses: community centre, crèche, health and fitness centre, supermarket, doctor’s surgery, 25 small business units
and 4550 sqm offices.

! Housing tenure: high income (mostly), 35% affordable.

! 30 mph speed limit on site.

! Average parking ratio: 1.5 spaces per dwelling.

! Date of development 2003-2005.

! Developers: Laing and Linden.

! Former barracks site on suburban Brownfield site.

! Relaxation of DB32 highway design standards and innovative measures to control speed.

! Local planning authority: Guildford Borough Council.

! Highways authority: Surrey County Council.
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Guildford’s Queen Elizabeth Park 
has an organic street layout, with an 
extensive network of footways 
linking green spaces and 
recreational areas. The picture 
shows an example of aesthetic 
considerations combining with link 
geometry, as the obelisk acts to 
reduce visibility on the link. 
Vegetation has been maintained so 
as to not reduce visibility further.
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B.1.12 Tower Hamlets, London

! Location: Central Stepney, inner East London housing area. The site is north of the river Thames, within close proximity
to Canary Wharf and the Tower of London.

! Site area: 6 ha.

! 240 habitable rooms per hectare (up to 74 dph).

! 136 housing units developed (total development 445).

! Residential mix: terraces and flats.

! Housing tenure: almost all Registered Social Landlord (RSL).

! 20 mph speed limit on site.

! On-street parking except some in-curtilage for disabled.

! Development period: 1998-2004.

! Developer: John Laing Partnership. PRP Architects worked with local residents, the housing associations, Laing and the
Free Form Arts Trust to develop the master plan.

! Residential development on site of a demolished 60s estate.

! Reproduction of Victorian terraced streets. Design based on DB32 and Section 38.

! Local planning authority and highways authority: London Borough of Tower Hamlets.
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Tower Hamlets saw extensive 
redevelopment during the 1990s, and 
is characterised by its grid layout with 
on-street parking provision. The 
image shows a typically wide 
carriageway to accommodate this 
parking. The major arm at this 
junction is one-way traffic, with the 
central reserve turned into a 
recreational area.
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B.1.13 Crown Street, Glasgow

! Location: site within walking distance (20 minutes) of Glasgow city centre on the south bank of the river Clyde.

! Site area: 17.4 ha.

! 832 dwellings.

! Gross density 48 dph.

! Residential development along wider boulevards with retail and mixed use provision laid out along the narrowest street.
Residential mix of town houses, flats and duplex apartments (four-storey urban blocks).

! Housing tenure: 659 owner occupied, 173 social rented homes.

! Mainly 30 mph speed limits, with some streets 20 mph.

! Parking ratio is less than 1:1 overall.

! Former site: poor quality 1960s high rise residential tower blocks.

! Development period: 1991-2000.

! Planner / Developer: Piers Gough.

! Strongly linear layout.

! Local planning and highways authority: Glasgow City Council.
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This site is a redevelopment based around Crown 
Street in the Gorbals area of Glasgow. Brick tables are 
used extensively at junctions, and parking provision is 
situated between the carriageways with a one -way 
system in operation. This is evident in the picture 
above, as is an apparent degradation in the quality of 
road markings on the brick surface. 
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B.1.14 Windley Tye, Chelmsford

! Located on town centre fringe to the west of Chelmsford.

! 4.3 ha site.

! 23 housing units (Willow Court development).

! Overall density 25 dph (Willow Court Development).

! Residential mix: 3 and 4 bedroom detached, semi-detached and terraced houses.

! Housing tenure: 0% affordable.

! 30 mph speed limit on site.

! Car parking: generally behind the building line.

! Brownfield site. Former industrial site.

! Development period: 2002-2004 (Willow Court).

! Developer: Bellway Homes (Willow Court).

! Local planning authority: Chelmsford Borough Council.

! Highway Authority: Essex County Council.
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Windley Tye is a small, low density development 
with a court-style layout. The rumble strip in the 
photograph marks the entrance to the newer 
courtyard area of the site and signifies to drivers 
that care should be taken. Visibilities at junctions in 
this section are relatively low, but the curved link 
actually has good visibility as the central section 
consists of low-level grass and flowers.
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B.1.15 Beaulieu Park, Chelmsford

! Part of the Beaulieu Park urban extension on the north east edge of Chelmsford, Essex. Linked to town centre via A130.

! Site area: 3.56 ha.

! 91 dwellings.

! Gross density within the site of 25.6 dwellings per hectare.

! Residential mix: three-bedroom townhouses to six-bedroom detached homes, terraces.

! Housing tenure: development aimed at high-income earners. 20% affordable.

! 20 mph speed limit on site.

! Greenfield site.

! Development period: 2001-2003.

! Developer: George Wimpy with local architect Ken Philpot.

! Non-standard street layout that goes beyond DB32 criteria. The Essex Design Guide had an influence on the design and
architecture. DB32 sightline standards were avoided in the shared surface streets.

! Local planning authority: Chelmsford Borough Council.

! Highway authority: Chelmsford Borough Council acting as agents for Essex County Council.
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Beaulieu Park is notable for its use of wide 
ranging materials within the streetscape. 
There are some shared surfaces where 
vehicle flows are relatively low, mixed with 
traditional asphalt on some access roads. 
The image shows innovative use of a brick 
surface, with a pattern created to denote the 
edge of one carriageway and the stopping 
point for vehicles on the minor arm. 
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B.1.16 Rapier Street, Ipswich

! Lies between main Wherstead Road (A137) and a route designated for a future strategic link into town centre. Situated
on the west side of the docks.

! 35 houses, 139 flats.

! Residential development, consisting of high rise flats and four-storey town houses are arranged around the perimeter of
the site. Terraces, detached and semi-detached properties.

! 20 mph speed limit on site.

! Brownfield site.

! Development period: 2003-2004.

! Developer: Bidwells.

! ‘Homezone’ design standards applied.

! Local planning authority: Ipswich Borough Council.

! Highways authority: Suffolk County Council.

= ATC Location

= Junctions Measured

= ATC I.D. = Links Measured

= Manual Speed 
Reading Locations

 Rapier Street Home Zone - Ipswich 

At the time of writing there were no CAD 
images available of Rapier Street due to 
it being a recent redevelopment. The 
adjacent site plans do at least give an 
impression of the layout. There are 
shared surfaces throughout, with a 
children’s play area at the centre of the 
site. Raised flats straddle the paved 
surface, with some parking provided 
underneath. A wide variety of materials 
were used to create a pedestrian 
focused streetscape. 
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Port Marine is a new build with an organic 
layout. The site is notable for its wide open 
grassed areas for recreation, along with 
prominent pieces of public art. There is little 
consistency in street design. The picture 
shows a wide link with a block paved 
surface and bollards to demarcate the 
carriageway, both of which are used only 
partially. The narrow courtyard entrance in 
the distance contrasts with the majority of 
junctions at the site .  
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B.1.17 Port Marine, Portishead

! Located north west of Bristol where the river Avon meets the Severn estuary.

! Site area: 18 ha

! Urban village of 920 dwellings.

! Approximately 45 dph.

! Residential mix of terraces, crescents, individual houses and apartment blocks. Properties range from two-storey mews
houses to eight-storey blocks facing the marina.

! Housing tenure: 10% affordable.

! 20 mph speed limit on site.

! Parking ratio: 1 per dwelling.

! Former power station site.

! Development period: 1999-2003. Further development expected to be completed in 2006.

! Developer: Crest Nicholson.

! Local planning authority: North Somerset Council.

! Highways authority: North Somerset Council.
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The Hulme area of Manchester has a grid layout 
with two main 30mph access roads around the 
perimeter of the survey site. Within these roads 
there is a 20mph limit and extensive calming at 
junctions (brick tables), as can be seen in the 
image. The majority of vehicles park on the 
road, but there are some small residents-only 
car parks.
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B.1.18 Hulme, Manchester

! Hulme regeneration area south of Manchester city centre – replacement of unsuccessful 1960s comprehensive
redevelopment. Site within walking distance (about 20 minutes) of city centre.

! Wider regeneration area is 121 ha. Site area: 6.6 ha.

! Density on average given as 90 dph. High density development.

! Mixed used development site. Resident mix: mainly flats.

! Housing tenure: dwellings are mostly social rented.

! Intended maximum traffic speed of 20 mph.

! Parking ratio 0.8-1.0 per dwelling.

! Replacement of 1960s comprehensive development. Brownfield site.

! Development period: 1992-1997.

! Traditional grid street pattern.

! Highway safety not an overriding objective, though personal safety was an important consideration.

! Local planning authority and Highways authority: Manchester City Council.
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Syston is a spine and cul-de-sac residential estate 
typical of 1980s suburban developments. Junction 
markings are only used on the entrance/exits of the 
study area, and other road markings are sparse. The 
picture shows a long and sweeping link, along with a 
characteristically wide junction aperture. There is very 
little on-street parking as the vast majority of houses 
have driveways.3
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B.1.19 Syston, Leicester

! Around 7 km from Leicester City centre and 1 km from Syston town centre. Regular bus service runs through estate,
linking to Syston, Thurmaston and Leicester. Around 0.5 km – 1 km to railway station on Midland mainline.

! Previous greenfield site.

! Type of development: residential.

! Developer: Jelson Limited.

! Area of site: 24 ha (approximately).

! Number of dwellings: 678.

! Housing density: 28 houses/ha (approximately).

! 30 mph speed limit.

! Local planning authority: Charnwood Borough Council.

! Highways authority: Leicestershire County Council.

! Development period: 1988-mid 1990s.

! Residential mix: detached and semi detached 2, 3 and 4 bed houses.

! Housing tenure: not known for certain, believed to be 100% private.

! Parking ratios: dwellings with 4 or more bedrooms – minimum 3 spaces, dwellings with 3 or less bedrooms – minimum
2 spaces (as per the then current Leicestershire County Council design guide).
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Lower Earley - Reading 
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Lower Earley, to the south of 
Reading town centre, has a 
spine and cul-de-sac layout in 
compliance with DB32 
recommendations. There are 
shared surfaces on some cul-
de-sacs, as can be seen in the 
picture. It can also be noted 
that driveways have the 
potential to alter sight lines at 
junctions when they are 
occupied.
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B.1.20 Lower Earley, Reading

! DB32 compliant.

! 30 mph speed limit.

! Local planning authority: Reading Borough Council.
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Appendix D: Household survey questionnaire



86



87



88



89

Abstract

The Department for Transport and the Office of the Deputy Prime Minister commissioned WSP, TRL, Llewelyn
Davies Yeang and Phil Jones Associates to develop the Manual for Streets (MfS), which shall supersede Design
Bulletin 32 (DB32) and its companion guide, Places, Streets & Movement in 2007.

The manual will deal with underlying values that can be creatively deployed by practitioners to pursue the
Government’s ‘placemaking’ agenda of individually distinctive localities while ensuring that streets remain
functional and safe. It will be based around key elements of good design in residential streets and other lightly
trafficked roads.

The development of the MfS has involved some primary research to establish the relationships between different
link and junction characteristics and road safety. The research examines the limits of design practice as currently
specified in DB32, to consider whether more liberal geometric and visibility values may be incorporated into the
manual.

A review of literature and the contributions of industry stakeholders have indicated that, in terms of constraints on
design, the critical dimensions for highway geometry are link widths, forward visibility, visibility splays and
junction spacing. The most significant barrier to the adoption of standards which use reduced values for width and
visibility is highway authority concern over road safety. The indicators of safety being considered in this research
are recorded casualties and vehicle speeds. In addition, residents’ perceptions of safety, sought through a household
survey, have been relevant as a qualitative response to different geometries.

The research has been undertaken at twenty sites across England. In the context of residential highway layouts,
the research considers:

! Are junction geometries and road widths that do not meet DB32 standards safe in terms of recorded casualties?

! Are more permeable highway layouts such as grids associated with higher levels of casualties than spine and cul-
de-sac layouts?

! Does there appear to be a relationship between design/environmental quality and driver behaviour?

The Manual for Streets has been prepared against a backdrop of sustainable development guidance and initiatives
to ensure that it facilitates the long-term sustainability of streets, and contributes to an enhanced sense of place. This
research provides an evidence base for redefining residential street design in the Manual for Streets.
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