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Why?

Henning Christiansen,
Director General

Prevention is better than cure, as the saying
goes. This also applies to road accidents.
This Manual of Road Safety Audir presents
a method for the systematic prevention of
road accidents.

All highway authorities — local councils,
county councils and the Road Directorate
itself - have the goal of reducing the
numbers of fatalities and injuries on their
roads. Road safety audit gives highway
authorities a vital tool for attaining this
end. Road safety audit also receiveés
prominence in the Government's new
road safety action plan, "Every accident
is one accident too many”,

The Road Directorate has developed
and tested this method in collaboration
with county councils and local councils.
The original inspiration came from
England, where the use of Road Safery
Andit 15 widespread. A pilot project has
tested the Danish version of the method
in a number of selected construction
projects,

The pilot project was a success. Iis
eviluation — under the leadership of
Professor N. O Jorgensen, Technical
University of Denmark — recommended
road safety audit as being a very useful
and profitable activity, The method should
be introduced by all of the country's
highway authorities as soon as possible.

As the Danish road sector authority,
we consider it our self-evident task o
continue to develop the method and to
make road safety andit available to the
Danish road sector. This manual is one
of the results. In 1997 _ a training pro-
gramme for road safety auditors will
also be introduced and a database
containing our most up-to-date road

Why?

safety expertise will be set up on the
Internet.

As one of its goals, the Road Direc-
torate intends to introduce road safety
audit as a general procedure for all
construction work on trunk roads during
the course of 1997.

This English version of the Manual is
published as a response to the lively
interest from the international road safe-
ty community in the Danish experience
with road safety audit,

The Manual, however, is still a specific
Danish one. It deals with the Danish
road safety situation, and the Danish road
design standards and organisations.

I am ¢ertain that this manual will in-
spire highway authorities throughout the
world to introduce road safety audit, and
to produce their own road safety audit
manuals. Your comments on the Manual,
checklists, procedures, etc,, are welco-
me. Together with other experience gai-
ned, they will be incorporated into fort-
heoming editions of the Manuoal and will
form a basis on which to adjust the
system and the training programme. They
will thus contribute to the development
and improvement of road safety audit,
for the benefit of safety on Danish streets
and roads.

L]
Henning Christiansen
Director General



How to Use This
Manual

Why do we need a Manual?

This manual 15 aimed at decision makers
and technicians throughout the Danish
road sector, regardless of whether they
work at the national, county or local levels
—or for a consultancy. In short, at all
people who can and should contribute to
improving safety on Danish roads.

This manual describes a method of ap-
plying quality assurance to road projects,
from the standpoint of road safety. The
method is known as “road saferv audit”
or simply "audit”. When it becomes wide-
spread in the Danish road sector, it s ex-
pected to make a significant contribution

Caption on road sign: 47 killed or injured, 5 years, 0-9008 m

to the prevention of accidents on our roads.
Thus, the purpose of this manual is to
provide information of the method and
to make it possible for everyone to apply
it. It describes, for instance, how the road
sector can introduce road safety audit. It
is also an important aid for the technicians
who will work with road safety audit,

Content of the Manual

The chapter entitled "fntroduction to
Road Safery Audit” describes the concept
of road safety audit. It also describes the
purpose and value of conducting road
safety audits,

The chapter entitled “How to Conduct
& Road Safety Audit” details the course
of a typical road safety audit and defines
certain concepts. It uses examples to
illustrate some of the safety problems
that can be dealt with through a road
safety audit.

The chapter entitled "How to Introduce
Road Safety Audit” describes the decisions
that should be taken, the requirements
set on organisation, procedures and quali-
fications and the sequence in which the
virious activities should be carried out,

The chapter entitled "Principles of Road
Safery Audit” is a technical discussion of
road safety, It describes the elements of
road planning and design that have the
greatest significance for road safety,

A number of appendices can be found
at the end of the Manual. Appendix 6 re-
views the 15 checklists that are published
together with the Manual. These checklists
can be used as aids when designing a
road project or when undertaking a road
safety audit.

How to Use This Manual
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Status of Manual

Status of Manual

Any highway authority can elect to avail
itsell in whole or in part of road safety
audit. All of the Manual's instructions
have the character of guidelines. The
Manual does not stand alone, however. It
is part of a long-term programme, the
goal of which is to introduce road safety
audit into as large a part of the Danish
road sector as possible. Apart from the
Manual, the external activities of this
programme include:

— the establishment of a course on the

undertaking of road safety audits,

— the establishment of a road safery

database on the Internet.
In its capacity as highway authority for
the trunk road network, the Road Direc-
torate has also taken a decision in principle
to introduce road safety audit. To that
end, the Road Directorute is estiablishing
its own local road safery audit sysitem
based on the general principles described
in this manual. According to the plan,
road safety audit will become mandatory
for construction projects on trunk roads
at the end of 1997,

We recommend the country's other
highway authorities to set up their own
road safety audit systems on the basis of
the general principles of the Manual. It
i5 our intention in the long term to estab-
lish road safety audit as a system within
the Road Standards Board,

With the backing of the Road Standards
Board, road safety audit could be expan-
ded to proceed according to uniform,
simple and clearly defined principles
throughout the Danish road sector.



Introduction to
Road Safety Audit

This chapter describes the concept,
its purpose and the value of undertaking
road safety audit

What is Road Safety Audit?

Road safety audit is systematic and inde-
pendent assessment of the safety aspects
of road projects. lts purpose i1s to make
new and reconstructed roads as safe as
possible — before construction is started
and before accidents occur.

When conducting a road safety audit,
individual projects are examined through
"road safety glasses”. Any inappropriate
designs are revealed and proposals for im-
provements are formulated. Auditing can
be carried out at one or more specific stages
during the course of a project. The syste-
matic approach taken means that conside-
ration for road safety can be incorporated
into a project at the carliest possible stage.

Road safety audit should be a self-
evident phase of our highway authorities’
quality management and it can be applied
to all road projects

A road safety auditor must not question the
Jjustification for a project but must illu-
minate its consequences on toad safety —
and endeavour to ensure that the project as
presented in the brief is as safe as possible.

Road safety audit must be conducted
with due consideration for the abilities,
knowledge and needs of the road users —and
from the standpoint of all groups of road
user, Road safety audit is not a check on the
engineering quality of the project and nor is
it any form of approval the project per se.

Accident Prevention

Road safety work is based on two main
strategies: accident reduction and accident
prevention.

In accident reduction we use our
knowledge of accidents that have occurred
on our existing roads to improve the
design of the roads or to influence the
behaviour of road users, so that similar
accidents cannot oceur again. Work on
eliminating black spots is a typical example
of accident reduction.

Actident prevention, on the other hand,
is the application of our expertise in safe
road design — road geometry, as well as the
miterials used — when

— niew constructions, “poad safety audit We Construct new

as well as recon-
structions. Road

is systematic accident

streets and roads or
redesign existing

& a r
safety audit can prevention roads, regardless of

also be applied to
operating and maintenance aclivities on
existing roads, to the extent that such
activities can influence road safety.

A road safety audit is carried out by one
or more road safety auditors. One crucial
factor is that the auditors be impartial. A
road safety auditor must take no part in
project design and it is not the auditor’s
task 1o weigh road safety considerations,
for mstance, against economic considerations
— that is the responsibility of the client.

the reasons for which
an individual project has been undertaken,
This expertise is the result of research and,
1o a significant extent, of practical experience
gained in work on accident reduction.
Road safety audit is systematic accident
prevention. It is a matter of svstematically
applying our present expertise in road
safety — new and established expertise —
to new projects, regardless of whether
they are new installations, reconstructions
or operating and maintenance activities.

Introduction to Road Safety Audit



Why Road Safety Audit?

Engineers and other technicians engaged
in road planning and design are aware
that their projects must also be safe. That
is why many new projects are already
assessed from the road safety standpoint,
but not all.

On many occasions, completely new
projects have been designated as black
spots after just a few years. There may
be many reasons for this — including
insufficient or absent road standards or
the lack of up-to-date, easily accessible
expertise in road safety. A road safety
audit can be expected to correct this
and, thus, to reduce the number of
such black spots on new roads.

The goal of road safety audit is to

Road safety audit must consider the safety of all groups of road wser

Why Road Safety Audit?

ensure that all new road projects — and
major operating and maintenance activities
on existing roads — are assessed from the
standpoint of road safety, so that any
approaches that are unsuitable from this
standpoint are detected and corrected
in time.

In the first place, this means that we
prevent people from being killed or
injured on the roads before we react as
a highway authonity. In the second place,
it is cheaper and easier to correct projects
on the drawing board than it is after they
have been implemented.




. Road user, 65 %

Road wyer, road and
surronndings, 24 %

. Road and swrronndings, 2.5 %

Thinking in Terms of Road Safety
It should be the responsibility of any high-
way authority to ensure that the roads are
safe. A road is considered safe when only
a few — or, in the best case, no — accidents
occur. If many accidents occur, a road is
not safe, regardless of whether all standards
and norms were observed during its plan-
ning and design, and regardless of whether
any accidents can be attributed to contra-
vention of the law or other inappropriate
behaviour on the part of road users.

This is because road users are not
perfect. Thus, the behaviour of road
users appears as a contributing factor in
practically all road accidents. This does
not mean, however, that road engineering
measures have no etfect on the frequency
of accidents: on the contrary, it demands
that we guide road users into law-abiding
and appropriate behaviour through the
design of our roads.

A road safety audit cannet, therefore,
take its point of departure solely in our
view of how road users may and shall
behave in traffic, it must also give careful
consideration to experience of how road
users can he conceived of behaving.

&

In road safety work, the concept of “accident

Sactors™ iy appfied to factors which, by their

very presence, have comrtbuted o the oveur-
rence of an accident, or which, through theiv
ahsence, could lave prevented the accident in
question. Such factors can be rélated 1o the
renied, the velicles or 1o the voad wsers, An
analvsis of aceidents and accident data shows
that sueh factory are distributed over accidents

as shown in the figure,

Alf elements, [ 5 %
. Road user and vehicle, 4 %

Vehicles, 2.5 %

A road safety audit must assess projects
on the basis of road vsers' knowledge,
attitudes and skills, day and night. and in
wet and dry road conditions. And it must
give consideration to different groups of
road users' abilities that depend on age,
means of transport and any disabilities.
Road safety audit is only a study of
safety aspects and an auditor may indicate
road-satety problems inherent in designs
that conform to our road standards. In the
first place, this is due to the fact that our
road standards are an expression of a
socio-economic balance between road
safety, accessibility, the environment and
economy. In the second place, each road
standard expresses our level of expertise at
the time at which it was implemented and
cannot allow for developments that have
taken place since its implementation.

Value and Costs of Road Safety Audit
Although road safety audit can increase
the costs of a projeet, this is far from
invariably the case. And the sooner an
unsuitable approach is detected and
rectified, the cheaper. [f we consider not
only the costs of construction but also

Introduction to Road Safety Audit



include the costs throughout a project's
life cycle, including the costs of accidents,
an increased construction cost can quickly
prove to be a saving in the long term.

The value of road safety audit has al-
ready been ascentained. Based on the first
yeurs' experience of road safety audit in
Denmark, it has been estimated, for instance,
that road safety audit generates a theoretical
first year's rate of return comparable to
that of conventional work on eliminating
black spots. And it is estimated that the
cost of auditing, including the time of
auditors and designers, typically amounts
to about 1% of the construction costs —
slightly more in the case of small projects,
slightly less in the case of large projects.
These estimates are taken from a report
entitled Evaluation of the Road Safery
Audit Praject, written by a panel of inde-
pendent experts. The main conclusions of
the report are summarised in an information
sheet, RSA-information 2/97, which can
be ordered together with this manual.
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Road Safety Audit in National

and Local Perspectives

Road safety audit is a forward-looking
and vital supplement 1o the advance
work done to reduce the numbers of
fatalities and injuries on our existing
roads. This means that road safety audit
is a tool available to individual highway
authorities, in their efforts o attain the
target stated in the Danish Road Safety
Commission’s Strategic Plan for reducing
the numbers of fatalities and injuries by
between 40 and 45%, starting from 1989,
up to and including the year 2000,

The developments of recent years have
not followed the target curve. There is,
thus, a need for a renewed effort within
the State, counties and municipalities, if
the target is to be attained by the year
2000, This is where road safety audit can
make a significant contribution and it has,
therefore, been incorporated into the
Government's road safety action plan,
Every accident is one accident iog many.

Casualties. trend and targer

g @7 98 99 2080 Year

Road Safety Audit in Mational and Local Perspectives L



How to Conduct
Road Safety Audit

This chapter describes how road safety audit
can operate when it is carried out by a highway
authority or a consultancy.

The first part describes the stages of a
project at which road safety audit will
be most beneficial. Next, the individual
parties and their roles are described.
Finally, there is a description of the
typical course of a road safety audit -
the individual activities during the audit
process and the interactions of the
parties involved.

Audit Stages

It will almost always be advantageous to
undertake road safety audit on several
occasions during the course of a project,
except in the case of very small or very
unusual projects. When constructing new
roads, Tor instance, it is an obvious step
1o carry out an assessment of the impact
on road safety of the planned locations
and types of junction, before the indivi-
dual junctions are designed and audited
in detail.

For this reason, we describe five stages
in the course of a project at which it can
be appropriate to conduct a road safety
audit — the so-called audir staves or
simply stages;

Stage ! Initial design (planning); an
examination of the planning basis (such
as choice of route options, standard,
number of junctions and their types).

Stage 2 Drafl (or preliminary) design;
an examination. e.g. of alignment, cross-
section and layout of junctions, before
the political adoption of the project and
before expropriations.

Stage 3 Detailed design; an examination
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conducted before tendering material is
finalised (such as the detailed design of
Junctions, markings and equipment).

Stage 4 Opening; an examination of
the completed project just before and/or
just after it is opened.

Stage 5 Monitoring (existing roads};
regularly recurring assessment of the
function, accident data, speed measure-
ments, etc., of the road.

These five audit stages have been deter-
mined with a view to integrating road
safety audit into the overall course of a
project in the best possible way. The
first three audit stages concern the project
while it is still only on the drawing
board. The last two stages concern the
praject after it has been completed.
Appendiv 3 (a1 the back of this manual)
contains more detailed descriptions of
the individual stages.

In the case of small installations or
reconstruction projects, separate initial,
draft and detailed designs will only be
prepared rarely. Thus, it can be relevant
to omit auditing of the first stages or to
combine it into 4 single audit, depending
on the nature of the design process and
the scope of the project,

The number of relevant audit stages
will therefore depend on the fype of pro-
ject, and the auditing of all five stages
will normally only be undertaken in
major new projects, In the next chapter
(pp. 21-24) you will find a more detailed
proposal for classifying projects into
categories;

The example overleal illustrates the
road safety topics that will be treated
in a Stage | road safety audit of a large
bypiss.

How to Conduct Road Safety Audit



Example - bypass

The figure shows an imaginary bypass praject,
A heavily-trafficked road passes trough a smatll
village af aboer 600 inhabirants and a new road
is planed about 600 m to the east of the village.

The road safety audit could typically contain
the following comments:

Greneral. The twe new functions will increase
the nisk of road accidents, so that amy improvement
in safely gatned by diversing traffic around the vitlage
will be minimal. The safety of the project as a whele
wonild e significantly improved if there were only a
single avcess to the village, and wnder no circum-
stances showld the junctions be located on bends.

1. Ar both endy of the bypaxy there @y a visk thar
voudid users will nor perceive the bends bue will con-
itnue strafght ahead, as the old road is sl clearty
visible in the landscape. The draft praject showld
therefore make extensive use of plantations,
markings and modification af the terrain, 5o that
the false perspective is broken,

2, Located at a bend on the bypass, this T-junction
presens a risk of aecidenr to voad wsers rmrning left
off the mew road, inte the village. It is difficult for them
o assess the speeds and distances of approaching
vekicles, Furthermore, all cvelists fravelling fowardy
the village must crass the new road heve. This erossing
shawld be rendered safe by installing a cvele path in
da sihwey or, al the very least, by a traffic island.

3. O this otherwise alnost siraight section of the
new roded, there s a risk that the bridge for the road
thet crosses the bypass will bock the view of on-
coming vehicles, thus making overtaking mmpeossible,

4. The local road thar passes over the new
bypasy has sharp bends and steep inclines. It is
dangeraus for cyvole traffic to and from the school,
Traffic en the school road showld therefore be safe-
guarded by cvele tracks, or ar least by cyele lanes.

5. Ar this T-punction, which ix alse located on a
fened, there is @ visk of accidents to road wsers who,
feaving the vitlage, turn left onto the bypass. This
will be aggravated if a lane for right-turning traffic
is implemented on the bvpass, as vehicles in thar
fane could mask fast vehicles in the straighi-ahead
fane. Thix peint alse presents problems for eyclists
crossing the road.

11



Organisation — the Parties and
their Roles
Any audit proceeds in interaction
between different parties, whose roles
are predefined at specific stages,
Road safety audit is based on the
principle of an independent
review (corresponding to an
external review in the con-
text of guality assurance),
Moreover, one fundamental
idea is that disagreements
between the designer
and the auditor are
decided not by
the designer but
by the client,
who has ordered
the project from
the designer.
There are, thus, three
parties to a road safety audit:

© The design organisation (or simply
® O the "designer") is the contractor,
section or department responsible for
planning/designing the project in hand.
The designer bears the responsibility for
ensuring that a road safety audit is con-
ducted and that the necessary measures
are agreed on the basis of the auditor's
recommendations and/or the client's
decisions.

During the course of the project, the
designer is responsible for ensuring that
the audit input information is unambigu-
ously defined and that all circumstances
are described in an easily-understood
manner. The designer must also adopt a
stand on the auditor's comments and
must ensure that any disagreements be-
tween auditor and designer are presented
to the clienr for a decision.

In the case of auditing at Stage 5 (roads
in service), it is the operating organisation
of the relevant highway authority which

Designer

12

requests the auditor (the original auditor,
if possible) to prepare an accident analysis
of the project, and which arranges for
the road operator to be notified of the
results of the audit.
@ The client is the organi-
© O sation which ordered the
project from the designer, and
which pays for and owns the
project. As the party respon-
sible for the basic conditions
of the project. it is the task of
the client (or its agent,
such as a specialist
consultant) to
arbitrate in
cases where the
designer and
auditor disagree.
Disagreements are
presented 1o the client,
which sends its written decision to the
designer and auditor. In the case of Stage
5 audits, the road operator assumes this
responsibility.
© The auditor is the independent
© @ organisation or person who critically
reviews and tests the designer's project
material. It is the auditor's responsibility
carefully 1o review the presented project
material in its entirety, in the light of our
best road-safety expertise and from the
viewpoints of all relevant road users. The
auditor shall indicate all circumstances
that can cause any misgivings concerning
road safety and shall describe and state
the reasons for such misgivings.

It is not the primary task of the auditor
to check whether or not a project conforms
to road standards, Our road standards are
an important tool and a vital reference
for the auditor, but as mentioned on p. 8,
the auditor must sometimes go beyond the
road standards. It is a basic assumption
that the designers themselves adopt a

How to Conduct Road Safety Audit



. Ordering
. Reviewing
. Coampletion

position in relation to the norms, guide-
lines and instructions specified in the
road standards, and that the designers
report to the auditor in cases of non-
compliance with the directives of a road
standard and state the reasons therefore.

It is crucial that persons designated as
road safety auditors work with, and have
experience of, road accident analyses
and road accident reduction. Furthermore,
road safety auditors must be familiar
with road planning, design. and construc-
tion work and must undertake to keep
their expertise up-to-date.

In the long term, auditors should also
hold a certificate, Auditor training will
be offered in preparation for a forth-
coming certification scheme. Apart from
the above gualifications, an auditor should

-
-

The designer orders auditing and

supplies the necessary input data

The auditor reviews the material, formulates
recommendations and writes the report

The designer formulates his opinion
and describes changes

The auditor declares the audit
to be completed

Audit Process

have completed this training and passed
the final qualifying examination,

Audit Process
The arganisation described in the foregoing
section constitutes a vital foundation for
the audit process. Starting from the funda-
mental principles of the organisation, road
safety audit can be carried out according
to the procedure illustrated on this page.
The following describes a typical audit
process based on this diagram. Regardless
of the scope and nature of a project, and
regardless of the number of audit stages,
it is always possible to conduct road
safety audit as described by the diagram.

Ovrdering an andit
The designer gets in touch with an audi-
tor and they enter into an agreement on
auditing. Thus, it is the designer who takes
the initiative, irrespective of whether the
designer has personally selected the auditor
or whether this was done by the client.
Audits can possibly be ordered using a
pre-printed requisition form, and the details
of the agreement (including role assign-
ments) can be confirmed on an agree-
ment form. The latter could be designed,
for instance, as shown in Appendix 1.
The designer then collects all drawings,
oblains the necessary background infor-
mation, etc., and provides this brief to
the auditor. At the minimum, the brief
should include:
—a brief project description
—an account of project conditions
(design speed. radii of bends, super-
clevation, sight criteria, etc.)
—reasons for any departure from the
road standards
—traffic-density and accident data
—set of drawings (2 copies)
—an account of project changes since
the previous audit.

12



What should the report contain?
Name of project
Audit st
Name : wition of auditor
Date of audit and dates and
times of any inspections
Relevant information on weather
conditions during inspection
All uriusual circumstances (for
insta part of the project was in
use at the time of the Stage 4 sudit)

Indication of all special

proposals for eliminating
dangerous factors that
ated as problems

Indication of all measures considered
necessary for mitigating the effects of
non-compliance with road standards
Statement he mutual significance
of the recommendations and
comments
Parts of the plan that show the
problems indicated
saves voluminous written descr Iptions
of the relevant locations

This is vital as it

Before starting the actual analysis, the
aunditor studies the brief. The auditor
checks that all necessary information is
available and obtains any supplementary
information from the designer.

Reviewing
The auditor studies the project material,
The auditor uses the relevant checklists
to aid this study (the checklists can be
ordered together with this manual: see
p. 30, for a list of the checklists and an
introduction 1o their use).

The auditor notes any obvious pro-
blems on the drawings. These problem
areas are then structured, formulated,

14

Avoid verbosity (keep it simple and
go straight to the point)
No CV for the auditor

Mo assertions to the effect tha
there are no problems

Mo comments that do not pertain
to the road safety of the p

No copies of the documents
obtained from the ¢

No checklists (use them, but do
not append them)

No extracts from the audit manual

No comments from the designer

Scope

* Not more than 15 pages, plus

appendices

considered and documented in the first
draft of the audit report,

At this point in the process, the audi-
tor gets in touch with the designer to
ensure that they share an understanding
of the project and its conditions.

The auditor’s comments should be
structured on two levels: prablems and
remarks,

» The problems are the conditions that
can be documented as entailing an in-
creased accident risk. Problems must
lead to project changes that can eliminate
this risk or reduce 1t decisively.

It 15 the auditor's job to formulate
proposals for alleviating problems. Such

How to Conduct Road S5afety Audit



Example - extract of an audit réport

{praject for reconsiruction of a traffic road in an urban envirgnment, Stage 2)

S A e

e

i

— — o —

G

- - —A D= - - — -

5. Bus stop and sebra crossing

Problem:

The zebra crossing (which, in iself, is a dubious
measure, of. General Comments) crosses the
road where it iy broadest and acoually hay four

lanes (even though there is a affic island).

Recommendation:

The laybys should be shifted relative to each
other, 5o ther there 13 a shore 2-lane section
which pedesirians can cross via the central
ixland (see skerch),

proposals must illustrate that it is pos-
sible to improve the road safety of the
project; however, it is not the auditor's
job to design the changes.
« Remarks concerning the conditions
that experience has shown should be
given attention in continued designing,
but for which it is not possible to docu-
ment an increased risk to road users at
the current audit stage.

The auditor then prepares proposals
for possible approaches to resolving the
problems ascertained. The best proposal

Audit Process

for each individual problem is then
described, justified and documented
in the final draft for the audit report.
The auditor has the audit report
reviewed from the standpoint of his
own QA system and corrects the report.
The audit report is now finished
and must be signed by the auditor
{if several auditors have participated
in the audit, a single auditor signs as
being responsible for the audit).
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Completion

The auditor sends the audit report to the
designer (and a copy to the client). The
designer now formulates his opinion of
each individual problem mentioned in
the auditor's report, stating whether or
not the auditor's recommendations will
be adopted (the designer can possibly

prepare alternative proposals for changes).

The designer orders auditing and
supplies the necessary input data

The auditor determines whether or not
agreement has been reached on the
problems. The auditor could possibly
present the audit report to the designer
at a meeting.

In the event of disagreement on the
problems and/or their proposed solutions,
it is the designer’s job to inform the
client in writing of the disagreement
(and to send a copy to the auditor), and
(o request a decision. The client notifies
the designer of his decision in writing
(and sends a copy to the auditor).

The diagram below illustrates how
an arbitration procedure can be linked
to the audit process.

The auditor reviews the material, formulates
recommendations and writes the report

The designer formulates his opinion
and describes changes

dddd s dddd s s

Dialogue:
possibly a meeting for discussions

The auditor declares the
audit to be completed

The designer presents
any disagreements to the client

. Chrdering
. Reviewing
. Completion

The client informs the designer of his
decision (and sends a copy to the auditor)

d4444444244444

The designer describes
project changes

F s

A ARERE
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When the client’s decision is available,
the designer notifies the auditor in
writing of all changes to the project.

This can mean that the audit process
must be repeated for the changed parts
of the project. When the audit has been
completed, either through agreement or
through the intervention of the client. the
auditor issues a written declaration o
that effect. It is, therefore, the auditor —
not the designer — who formally declares
that the audit is finished.

Road safery is also a question of attention to detail

- sich as this drain grating in a new oyele rack.

When the next audit stage is to be carried
out in the project, it is simply initiated
by a new order, when the designer is
ready. It is a great advantage to use the
same auditor as was used in the earlier
stages. The auditor should not under any
circumstances resume a discussion that

Audit Process

has already be decided during a previous
stage — unless project changes implemen-
ted since the preceding audit stage make
renewed discussion relevant.

Road safety audit is a formal process
which should be documented in documents
and the protocols of meetings. All of the
auditor’s comments and the subsequent
decisions should be given in writing. In
practice, we strongly recommend informal
contact during the process, to obviate
misunderstandings and to mitigate any
conflicts,

Appendix 5 shows a suggested audir
foorm. This form can be used as a requisi-
tion when ordering auditing, and as
documentation of the relevant stage of
the audit process, The designer can, thus,
use the form to control and summarise
the course of the case at the relevant stage,
thereby documenting the safety-related
quality assurance of the project.
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How to Introduce
Road Safety Audit

This chapter describes how to introduce road
safety audit. What must be decided and what
organisation, procedures and qualifications
are needed?

Road safety audit — co-ordinated and
applied in accordance with a highway
authority's size and level of activity —
constitutes an invaluable contribution to
that highway authority's endeavours to
reduce the numbers of fatalities and
injuries on its roads,

As we have already mentioned, one of
the goals of road safety audit is to ensure
that projects are studied from the road
safety angle. To qualify as a road safety
audit, such a study must be conducted
competently and independently and it
must proceed systematically, according
to an agreed procedure.

Based on these fundamental principles,
a set of guidelines for implementing &
road safety audit is described below,
These guidelines are known as the general
system.

The General System

It consists of three parts:

|. The necessary organisation (the parties);

2. The basic procedure;

3. A standard description of the phases in
the course of a project at which auditing
can be carried oul, i.e. the audit stages.

The general system defines road safety
audit. It covers the requirements that
should always be satisfied, if specific
road safety advice 1s to be called road
safety audit.

When a highway authority wishes to
introduce road safety audit, that authority
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should take its point of departure in the
general system,

In the general system, the organisation
comprises three parties, i.e. the client, the
designer and the anditor, who are described
in detail in the previous chapter, in the
section entitled Organisation (p. 12).
Table | on the next page shows the
general system's definition of the parties
and the roles they play.

The division of responsibility between
three parties serves several purposes.
First and foremost, it makes it possible to
specify the distribution of competence in
advance of each individual audit, so that
decisions in the event of disagreement
between the auditor and designer can be
resolved at the level that bears the overall
responsibility, i.e. by the client. In this
way the division of responsibility contri-
butes to ensuring the independence of
auditing, This is important, since it may
be the case that all three parties are to be
found within the same highway authority.
As we have already mentioned, Appendix
1 shows a suggested agreement form,
which can be signed by the parties in
confirmation of the agreement and of the
roles assigned to them, This form has been
designed so that it can be used for the
individual audit stages or as a "standard
agreement” for several projects and andits.

The procedure of the general system
is shown in Table 2 on the next page.
The procedure is simple and should be
suited 1o any highway administration.
Appendiy 2 shows a proposal for a more
detailed description of the procedure,
which corresponds to the process descrip-
tion of the previous chapter, under the
section entitled Audir Process (p.13).

A preliminary description of the five
audit stages is given in the previous
chapter, under the section entitled Audir
Stages (p. 10). This description corresponds

How fo Introduce Road Safety Audit



Tabfe |
General System: Organisation (parties and role distribution)
Parties Role
Client Orders and financ
(operator) project pre-conditions. C
the designer and auditor

B R R R

Designer Designs the project according to the pre

(operating
arganisation) the project according to the auditor’
In the event of disagreement, presents the case to the

client for a decision.

Auditor Reviews the project. Indicates road safety pro

and formulates recommendations.

Tahle 2

General System: Procedure

D T T e T

Phase of process Activities

Ordering The designer gets in touch with an auditor, orders
audit and dispatches all necessary material
Passibly sends supplementary material, should the
auditor so desire

Reviewing The auditor examines the supplied brief and carries
out any eventual inspection. The auditor indicates
any problematic parts of the project and develops
proposals for remedial approaches. The results are
collected in a report which is sent to the designer,
with a copy to the client.

.......................... SRR SRR A N AR R R R

Completion The designer notifies the auditor in writing of his

opinions. A clarifying meeting may be needed.

The designer presents any remaining disagreements
to the client, who makes the decisions and notifies
the designer of them in writing, with a copy to the
auditor. The designer then describes modifications
to the project to the auditor, who subsequently
declares the audit completed.

The General System 19



Table 3
General System: Audit stages
nation

Initial design
(planning)

Review of the brief (such as choice of route

options, standard, number of junctions and

their types)

Draft design

Examination, e.g. of alignment, cross-s

Tion

and junction layout, prior to political adoption

of the project and prior to

Detalled design

xpropriatio

Review before tendering material is finished

(e.g. detailed design of junctions, road

markings and equipment)

Stage & Cpening

Examination of the finished construction

immediately before or after opening

Stage © Manitoring

(existing roads)

to the definition of the general system,
which can be seen from Table 3. Appen-
dix 3 gives a more detailed description of
the content of the individual stages,

It is now possible to establish a local
svstem on the basis of the guidelines of
the general system. While doing this, the
highway authority should decide which
types of project to audit, at which stages
and by whom. The procedure is stated in
the general system.

Highway authorities' local systems
should also be arranged so that they can
be included in the particular authority's
present or forthcoming QA system.

Implementation

Once a highway authority has taken the
decision to introduce road safety audit,
we recommend the following approach
when setting up a local system.
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Regular reassessment of the function, accident

data, speed measurements, etc

I. Appoint a profject leader

We recommend that a project leader be
appointed prior to the introduction of
road safety audit. The project leader will
be responsible for the progress of the
project, prepare budgets, time schedules,
etc., and deal with information intended
for employees affected by the project
and for the organisation in general. It
can be highly advantageous for a project
leader to ally himself with a highway
authority that has already introduced
road safety audit,

2. Specify stages and project types

The types of project of relevance to a
highway authority should be defined and
the stages at which the individual types
of project will be audited should be de-
scribed. More detailed guidance in this
can be found in the next section (p. 21).
The description of project types and stages
should be approved by the management —
as when introducing quality management,

How to Introduce Road Safety Audit



the support of the management is quite
decisive.

3. Specify local organisation

Draft a description of the persons, sections
and departments in the local highway
authority that can fill the individual roles
in the local organisation. When doing
this, consider whether or not one or more
of the highway authority's own employees
should be trained and take the examination
to qualify as aouditor(s}.

Within a highway authority, it will rarely
be possible to find qualified employees,
who are at all times independent of the
sections or departments which plan or
implement projects. If the highway
authority’s own employees are used il
is therefore necessary to specify when
{on which project types and audit stages)
a particular auditor can be considered
to be impartial. Employees should be
involved in the specification of the local
organisation, and the organisation plan
should be approved by the management.

4. Prepare a list of auditors

To assist the designers, draw up a list of
potential auditors. This list can include
the highway authority's own road-safety
workers, consultants or, for instance,
road-safety workers from another high-
way authority with which an agreement
— possibly reciprocal — could be made.

5. Draft a local road safety awdit manual
It should describe the local system, its or-
ganisation, types of project and stages, elc.

6. Complete the instruction and training

af all concerned emplovees

It is vital that the employees be thoroughly
mformed about the audit system, including
its background, purpose and its expected
effect. It is important in this context to

Choice of Profect Types and Stages

Even minor measures can be significant

- i dhis case, a recessed stop line.

clarify all questions of competence
(powers of decision) before taking the
gystem into operation.

7. Evaluate and adjust the local svstem
Routines should be established for regular
evaluation of the local system.

Choice of Project Types and Stages
We recommend that road safety audits be
implemented on all new constructions and
reconstructions of a certain size. These
choices should compare the degree of
complexity of the projects to the highway
authority's level of experience.

Even small and relatively inexpensive
projects can be audited 1o advantage if
experience of their design is only limited.
An auditor will always be able to indicate
the most recently documented safety-
related experience of specific designs.

We also recommend you to ensure the
guality (from the road safety standpoint)
of a number of types of project other
than projects for new constructions and
reconstructions, We recommend that all
major maintenance works, existing roads,
road safety improvement schemes, as
well as regional, municipal and local
development plans that presume road
and path accesses or other traffic-related
changes, be included in road safety audits.
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New motorway - a typical major profect

We thoroughly recommend all five audit
stages, from planning, to monitoring of
the roads after opening. In the case of
minor projects and projects of a special
nature, however, it is often advantageous
lo merge several siages.

Appendix 4 clarifies when and where
road safety audit is recommended. The
projects are subdivided into types in the
overview, They include new constructions
and reconstructions, regardless of whether
they are financed through a construction
or maintenance grant.

Major projects

This type includes schemes for large,
new roads, i.¢. motorways, expresswiays
and other major installations, such as

bypasses. Auditing should be carried out
at all stages.

Medium-sized projects

This type covers schemes for the recon-
struction and widening of existing roads
{such as traffic calming on roads through
urban areas) new constructions and major
reconstruction of existing junctions and
interchanges. Audits should be carried
out at Stages 1/2, 3, 4 and 5,

Minor projects

This type covers schemes concerning
minor widenings and remodeling (such
as where a bend is straightened or where
road width is changed), lateral expansion,
the construction of cycle paths, minor
traffic-calming projects, minor recon-
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struction of junctions, etc. Audits should
be carried out at Stages 1/2/3, 4 and 5.

Operating and maintenance work
Operating and maintenance consists of
many widely diverging activities, which
include everything, from extensive main-
tenance work on existing roads, to every-
day maintenance.

In all maintenance projects that entail
permanent changes to roads, it is desir-
able to apply road safety audit as a means
of ensuring that all aspects of road safety
are taken into consideration.

This serves a dual purpose: in the first
place, it is necessary to ensure that any
road salety problems on the existing road
are not still present after renovation, and
in the second place. the implementation
of the project must be prevented from
introducing new road safety problems.

Our pilot project has not tested road
safety audil on existing roads, including
the operating and maintenance of such
roads, This means that we have not yet
studied the optimum extent of road safety
audit in conjunction with specific operating
and maintenance work,

For the time being, we recommend the
following guidelines for road safety audit
in maintenance work on existing roads.
a) Road safety audit is carried out on all
operating and maintenance guidelines
applied by the individual highway authority
(road standards, endering and maintenance
directives, working instructions, ete. ).

b) Road safety audit is carried out on
maintenance works which can be consi-
dered as independent projects and which
have a significant effect on road safety.
For instance, resurfacing and reinforce-
ment work, restoration after work on
underground cables or pipes, plantation
projects, renewal of road equipment
(such as guardrails, lighting installations

Choice af Project Types and Stages

and gantry signs), and all traffic manage-
ment schemes (such as carriageway
markings, signs and traffic signals).

Any road aceexses included in local plan

proposaly should be audired,

Road safety audits of operating and
maintenance work can be carried out at
one or more stages, depending on the
scope and nature of the work being done.

Regional, municipal and local
development plans

Physical planning (regional, municipal
and local development plans) can have
significant consequences for the traffic
conditions of existing roads and, thus, for
road safety. We therefore recommend that
a road safety audit (Stage 1) be carried
out prior to the public hearing phase. This
audit should be arranged by the relevant
planning authority, regardless of whether
the concerned highway authorities present
comments on the plan.

Any projects included in the plans for
new installaiions and reconstruction on
roads and junctions should subsequently
be audited at the relevant stages when
the project is implemented,
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Traffic calming

h'ﬂl'{':hr minar ar medinm-sized !

Road safety improvement schemes

In this context, road safety improvement
schemes refers to projects that have the
improvement of road safety as their sole
purpose, such as proposals for the recon-
struction of black spots. Such projects
are ofien decided on the basis of syste-
matically assigned priorities and it is
vital that these priorities be assigned on
the firmest possible basis; for this reason,
the proposed reconstruction of black spots
and other road safety improvement schemes

should be subjected to road safety audits,

even though the projects are in principle
"born safe”. A Stage | audit should be
conducted, with the sole purpose of
assessing whether or not the proposals
serve the desired purpose — e aim to
resolve the ascertained safety problems
without creating fresh ones — and are in
fact the best possible from the standpoint
of road safety, The individual projects
should subsequently be audited at the
relevant stages when they are implemented.

Existing Roads

Our expertise in safe road design undergoes
constant development and even relatively
new roads do not always attain the desired
standard of safety recommended for new
schemes today, Vehicle designs and traffic
flow patterns change over the years, 50

that many roads are used today in ways
that diverge from the original plans. A
programme of continuous monitoring and
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improvement of our road network offers
enormous potential for accident prevention.

Road safety audits of existing roads
correspond 1o — and are conducted according
tor the same principles as — the auditing of
new roads at Stage 5. As in the case of new
projects. the purpose is to indicate elements
of the existing design, layout, and road
equipment, which are incompatible with the
way in which road users use the road — and
which can be expected to cause, or have
been ascertained as causing, accidents,

The result of auditing is a repont that is
sent to the operating organisation and — in
the case of recent constructions — with a
copy to the designers.

When there is agreement on any pro-
blems, or when any disagreements have
been resolved, the operating organisation
can set the priorities (i.e, times) of imple-
mentation. depending on how serious the
problems are. This can be a question of
conditions that must be corrected imme-
diately, conditions that must be corrected
at the first convenient opportunity in con-
nection with continuous maintenance, and
changes that will be included when deci-
ding the priorities of construction works,

It cian be advantageous to incorporite
road safety audits of existing roads into a
highway authority's action plans For road
safety, in the form of a special programme
in which the entire road network is exa-
mined according to set priorities and
which is repeated at regular intervals,

How to Introduce Road Safety Audit



Principles of Road
Safety

This chapter summarises the technical content
of the audit process - what will be the impact of
giving consideration to road safety?

Where road safety audit (as described in
the foregoing chapters) is the formal
framework which describes how road
safety considerations are brought into
scheme design at the proper time and
how road safety is weighed against other
considerations at the correct level of the
responsible organisations, the principles
of road safety form the basis of the
technical content of the design and audit
process, This chapter deals with the con-
ditions which are of particular signi-
ficance to road safety when designing
road geometry and traffic regulation.

This description does not delve into
the details. That would be far beyond the
scope of this manual, and the collected
body of expertise in this area undergoes
constant development, anyway. We must
instead refer interested readers to the
database, for specific, up-to-date, situation-
related information on road safety.

Road safety is a result of the complicated
interaction that occurs

« can the road design be misunderstood
by road users?

« can the design cause confusion?

= can it give rise to ambiguity?

» does the road design give insufficient
information?

« does it give too much information

« does the road design give insufficient
visibility or does it obstruct the view of
the road?

« does the project include obstructions
or "traps"?

If the answer is yes, the source of the
problem should be sought by asking a
number of open guestions (such as "How?",
"Why?", "When?", "Where?", etc.).

Road Users as Pre-conditions

As we have already mentioned, road users
and their behaviour are a contributary
cause in by far the greater part of all
road accidents. Road users represent a
broad cross-section of the public and
there are limits to what we, as road
users, can cope with when converting
information — from the layout of the road,
signs and road markings. other road users
and conditions in general — into action. As
15 the case with anyone else, road users
overestimate their own abilities and mis-
understand each other's intentions when
the situation be-

between many ele- “Road users make mistakes: RIS LS
minimise the opportunities

ments, and the literal
application of norms
and rules certainly

does not always lead

for errors! If mistakes are
still made, minimise the

unclear or unusual
and there is too
little time in which
to think and react,

to the safest possible consequences!™ [t is therefore a

design, This is parti-
cularly the case where the rules (also) take
into account conditions other than safety.
The safest road designs are obtained if,
during designing (and even before audi-
ting enters the picture), constant conside-
ration is given to road safety, by asking:

Frinciples of Road Safety

vital task of the
designers and road safety auditors to
design our road installations according
to human criteria and not to demand
too many actions per unit time, first
and foremost by avoiding:

« excessive speed differentials,
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« differences in direction,
» high absolute speed.
= unpredictable situations.

To put it another way, road users must
perceive und process information, make
decisions and react, all within a limited
time. Comfortable, safe driving is obtained
when road users can do these things at a
tempo which is well below the stress
level, but which is sufficiently high to be
stimulating. This is one of the fundamental
conditions for establishing and maintaining
safe road environments.

Safe road environments
« warn road users of all conditions that
do not conform to the norm or are in any
way unusual,

« inform road users of the conditions
they will encounter,

« guide road users through
unusual sections,

« guide road users through
conflict points or areas,

» forgive road users’ errors
and inappropriate behaviour.

Situations that are similar must be treated
in similar ways. [t is important to avoid:
« insufficient or deficient treatment
{something is done about 4 situation, but
not enough),

» incorrect or misplaced treatment (the
wrong treatment is applied to a situation),
» exageerated treatment (too much is done
to ensure safety, with the risk that other,
similar situations that have been correctly
treated become veiled).

Avoid overloading road users. Over-
loading can cause vital information to be
overlooked. Overloading can be caused
by a plethora of traffic signals, conflicting
messages and a lack of clarity about
the course of the road. A safe road
environment is therefore one which:

« does not contain surprises from the
standpoint of road design or traffic
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“Avoid
overloading

road users”’

regulation (i.e. which lives up to the
expectations of the road users),

= gives a controlled stream of relevant
information (not too much at once),

= gives repeated information when a
danger factor is to be emphasised.

Planning of the Road Network
When planning and auditing at Stage |,
careful consideration should be given to the
principles of planning the road network
in its entirety with consideration for road
safety. Consideration should be given to
the special needs of the different groups
of road user, e.g. the need for facilities
for pedestrians and cyclists, especially

in urban areas. This can be done by
establishing appropriate traffic routes,
imposing restrictions on
vehicles and separating
different types of road user.
Effects caused by the
project on neighbouring
road networks (such as
noticeable increases in traffic volumes)
should also be assessed. See Road Standards
Jor Urban Traffic Areas, Volume 0 (1 ).

Geometric Design

The geometric design elements that have
special influence on road safety can be
roughly divided into:

= design of junctions,

s access control,

« alignment (layout, vertical alignment
and their mutual interaction),

* CTOSS-section.

Road users' correct use of road instal-
lations is normally conditional on the
presence of markings, All markings and
road equipment must therefore be inclu-
ded as an integral part of the geometric
design project. This also ensures that the
geometry is designed so that it is possible
to apply clear, easily-understood markings.

Principles of Road Safety



Overloading can capse vital information to be overlooked

Junctions

A very large proportion of accidents ocour
at junctions (up to 60% in urban areas and
40% in rural areas). The road network
should therefore be planned so that the
number of junctions is as limited as pos-
sible. The choice of junction type, design
and regulation should be governed by:

= the fact that the number of possible con-
flict points must be minimised. T-junctions
have lower accident rates than four-armed
junctions, and junctions with four or more
arms must either be avoided or they must
be designed as roundabouts;

= the avoidance of recognition problems.
Junetions must be clearly visible to road
users approaching the junction. Be atten-
tive to the vertical alignments of inter-
secting roads as they approach the

Geometric Design

junction. To avoid misleading visual

impressions, it may be necessary to
emphasise the presence of a junction
with a plantation, extra signs and traffic
signals or background markings;

= the need to ensure adequate visibility
and a good overview. Acute angles at
Y-junctions, and skewed junctions with a
limited sight distance in the direction of
travel, pose greater accident risks than
regular junctions, especially for elderly road
users. Junctions at which the visibility splay
i5 highly asymmetrical lead to an increased
accident risk and must be avoided;

» the establishment of facilities for traffic
turning off the major road. Protected
lanes for left-turning vehicles can reduce
the number of accidents. On the other
hand, dedicated lanes for right-turning
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traffic do not necessarily improve
safety. See Road Safety Manual (2).

« the number of gaps in the central reserve
(on dual carrigeway roads). These should
be restricted to the places where left tums
and U-turns can be executed with the
greatest safety, e.g. at roundabouts;

» use of the most appropriate form of
junction control commensurate with
attaining the optimum road safety for all
road users — see pp. 39-40;

« care to provide safe crossing opportunities
for pedestrians and cyclists at places
where pedestrian and cvcle traffic warrant
such care — for instance, through the use
of islands. See Road Standards for
Urban Traffic Areas, Volume 5 (1),

Visibility obscured by road eguipment

Access control

The regulation of access conditions and
control of the areas adjoining roads
are important means of minimising
accidents. Roads with direct frontage
access generally have accident rates

of almost double those of roads from
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which there is little access (2). In areas
where there is intensive frontage develop-
ment, accident rates can be up to 20 times
higher than on roads with little access.
See Guidelines for The Safery Audit of
Highways (3).

a) Access 1o new traffic roads should be
subject to restrictions, which should also
cover private accesses,

b) New local distributor roads should
only be accessible from frontage if, in
each individual case, there are special
reasons for such access.

¢} The number of access points to a road
must be kept to the minimum. Accident
rates on rural roads can increase by 5%
for each new access/kilometre of road.
See Safety Effects of Highway Design
Features, Vol [ (4).

d) To limit the number of conflict points,
connections to local roads should be
avoided in the vicinity of junctions
between main roads.

e) Regardless of whether access points
are access o property or junctions, they
should not be located on or near sharp
bends of limited sight distance. This
applies equally 1o horizontal and vertical
bends. The visibility requirements set on
private accesses are the same as those set
on junctions.

f) Side roads which are cul-de-sacs should
incorporate turning space, to obviate the
need for reversing out onto the main roads.

Alignment

Road alignment standards are only set on
roads in urban areas. See Road Standards
for Urban Traffic Areas, Volume 2 (1). In
the case of roads in rural areas, highway
authorities apply their own internal
"standards” (i.e. the Road Directorate's
design rules for motorways) and older
works (the 1964 draft road standards) or
various text books,
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Applving road delineation to improve
an unpredictable alignment

Accident rates are affected by horizontal
and vertical alignment and the interaction
between them.
a) Sudden changes of alignment stan-
dards should be avoided. If tight hori-
zontal and vertical bends are unavoid-
able, road users must be prepared for
them by reducing the radii of bends
smoothly along a section on both sides
of the sharpest bends,

Vertical alignment: the risk of accident
is greatest at the profile’s crests and
dips and is especially well correlated to

Geometric Design

long sections with steep gradients.

b) Due consideration must be given o
slow-moving vehicles on ascending
gradients, Advance warning should be
given of steep gradients on fast roads.
¢) Any limitation on sight distances
should be reduced as much as possible
at the crests of hills.

Horizontal alignment: the number of
accidents increases as bends become
sharper. This is a significant factor in
rurdl areas when bend radii are less than
about 450 metres. The sight distance is
the critical factor here,

d) The horizontal alignment must be
suited to the desired speed level. But
horizontal bends with radii of less than
about 300 metres should only be used
with caution and should be avoided
outside urban areas.

e) Combinations of horizontal and vertical
alignment that can lead to misunderstandings
and optical illusions should be avoided.
For instance, accident rates are higher at
places where a horizontal bend starts just
after a peak in the vertical alignment.

Crossfall

Crossfall is provided to lead water away
from the road surface and to counteract
centrifugal forces on bends, See Road
Standards for Urban Traffic Areas,
Virlume 2 (1 ).

a) Crossfall on straight sections, established
solely for the purpose of drainage. should
be a mimimum of 20%. and a maximum
of 3(Fie, depending on the type of surface.
25%e is normally used. Crossfall should
also be constructed on roads with longi-
tudinal gradients. Double-sided crossfall
gives the best drainage,

b) A gutter gradient of at least 5%
(artificial gutter gradient) should be con-
structed on kerbed sections of road which
have longitudinal gradients of less than T56e.
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¢) The resulting gradient should not
exceed 60%e.

d) The one-sided crossfall necessary to
ensure safe use of the road on bends is
determined by the design speed and
friction of the road surface when wet.
See Road Standards for Urban Traffic
Areas, Volume 2 (1),

¢) The best drainage is obtained where a
superelevation ramp is constructed as a
“moving crown line”. Revolving of car-
riageway edges results in large areas of
the carriageway that are almost entirely
without a crossfall. This leads to the
accumulation of water, even on sections
with longitudinal gradients, and should
therefore be avoided. See Road Srandards
for Urban Traffic Areas, Volume 2 (1).

Cross section

Road safety is affected by the number
and width of lanes, the central reserve,
presence of cyele tracks or lanes, as well
as by the design of parking lanes, hard
shoulders, banks, etc. The interaction
between these parameters and the traffic
density 15 complex and the advice given
in the road standards should be studied
carefully. A few general principles are:
a) The more lanes on a road, the lower
the increase in the number of accidents
as traffic increases, Where significant
increases in traffic volume are expected,
rural roads should therefore be planned
so that it is possible to expand them 1o
accommodate more lanes than were
originally planned, unless completely
new roads are also being planned:

b) Lane widths in urban areas are deter-
mined on the basis of the desired speed.
See Road Standards for Urban Traffic
Areas, Velume 3 {1). Lanes that are too
wide lead to speeds that are too high and
should therefore be avoided. Passage for
large vehicles can be ensured through

Geometric Design

the partial or total paving of verges and
islands, over which such vehicles can
drive at low speed;

¢) The construction of cycle tracks and
cycle lanes on streets and roads can
reduce the number ol accidents in which
cyclists and moped riders are involved
by 35 to 50% on road stretches between
junctions, However, what is gained on
such stretches is lost again at the junctions,
See Cyele Tracks in Urban Areas, the
safety effect (5). Safery of Cyelists in
Urban Areas (6) and Road Safety Effect
af Cyvele Lanes in Urban Areas (7). All
things considered, junctions must be
made safer if the construction of cycle
tracks or cycle lanes is to improve road
safety: see pp. 39-40. You should also
be aware that:

—conflicts can occur at bus-stops and
where vehicles are parked on or
beside cycle lanes;

— fewer serious accidents involving
personal injury occur on cycle tracks
than on cyele lanes. Cycle tracks work
better for children than for adults;

— bi-directional cycle tracks along roads
invariably lead to unconventional
manoeuvres at junctions and where
such paths terminate. These situations
entail a significant risk of accidents.
Bi-directional paths along roads
should be avoided wherever possible;

d) There 15 a safety advantage in striving
for 3.5 m wide lanes on two-lane roads
in rural areas, although wider lanes offer
no advantage.

e) Three-lane roads should be avoided,
unless the overtaking sections are limited
and are protected by appropriate carriage-
way markings, such as 241 markings.
See Tests af 241 layout (8).
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Safe design of slope and ditch along o motorway

edee of road areq

f) Surfaced edge strips contribute to road
safety in rural areas, irrespective of
whether the road has a central reserve:

—surfaced edge strips narrower than
(.5 m increase the risk of accidents
and should be avoided. Sce Edye
Lines Improve Safety of Motorists
and Cvelists (9).

—surfaced edge strips still reduce the
risk of accidents, even when they
reduce the lane width to 3 m {9).

g) The installation of central reserves on
roads with four or more lanes reduces
accident rates. The following applies 1o
central reserves;

—widths of less than 3 m should be
avoided. Where guardrails are
installed on motorways, the width
should not be less than 4 m,

— greater widths are beneficial, although
only limited extra benefit is given by
widths of over 10 m,

—the use of guard rails on central
reserves narrower than 10 m is
determined by the quantity of traffic
and the actual width of the central
reserve itself. See Road Standards
for the Erection of Guard Rails on
Roady and Bridges (10).

h) It can be advantageous to omit the kerb
where the width of the central reserve is
sufficient, as this makes it easier and safer
for drivers who have temporarily lost

Road Surfaces
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control to regain control over their vehicles.
i) Shoulders should slope away from the
carriageway,
j) As far as possible, slopes and ditches
should be designed so that guard rails
can be avoided:
—slopes should be as flat as possible
{gradient 1:3 or flatier),
—ditches should be formed as rounded
troughs,
—the transition between the shoulder
and slope should be rounded.

Road Surfaces

The nature of the road surface is of parti-
cular importance to road safety, The acci-
dent risk can be considerably reduced
through the use of surfaces that have good
friction when wet (2). The visibility of
markings in wet conditions can be im-
proved and the dazzle due to shifting
reflections in the dark can be reduced
through the use of a suitable surface
structure, Unevenness in surface structure,
such as depressions and rutting. undermine
road safety, The relevant road standard
requirements on road surfaces (coetticient
of friction, deviations in cross-sectional
profile, rutting and light properties) are
described in Tender and Construction Pre-
cepts for Hot-Mived Asphalt; see Guidelines,
Section 8 (11) and General Specification
of Works, Sections 2, 3 and 4 (12).
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Markings on carriageway should be designed and imple-

mented in such a way that their message @5 alwayy obvios,

Carriageway Markings and
Reflector Posts
Carriageway markings and reflector posts
at the edge of the carriageway reduce the
number and severity of accidents at a
comparatively low cost. Markings serve
three primary purposes:
to guide traffic by showing the direc-
tion and vuse of roads and their lanes.
—to wam road users of dangerous or
unusual conditions in the geometric
design of the road.
~to regulate traffic.

Markings on carriageway

Carriageway markings should:

a) Be visible under all conditions. in
daylight and darkness, This demands good
colour and structural contrast and good
retro-reflecting properties. Vibralines are
easier 1o see in wet weather than smooth
markings. and vibralines emit sound when
vehicles drive over them. They should
not be used in the vicinity of residences,
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however, because of the noise, and they
can be difficult to see when the light is
behind them.

b) Be durable, to avoid frequent main-
tenance. Worn markings should be re-
placed as soon as possible.

¢) Not be slippery in wet weather, not
even for pedestrians or cyclists. See
Tender and Construction Precepts for
Carriageway Markings (13 ).

d) Be designed and implemented in such
a way that their message is clear.

Reflectors and studs

Studs can be used to improve the effect
of traditional markings. They are more
visible than ordinary markings under the
combined conditions of wet weather and
darkness, and they warn motorisis who
have inadvertently wandered from their
lane. The requisite properties are:

« Visibility under all conditions;

= Correct location, to ensure that they do
not present difficulties for two-wheeled
vehicles:

» Durability and security of fastening.

Reflector posts

Road standards for edge and background
markings are in preparation. See Proposed
Road Standard for Edge and Backeround
Markings (14). Studies have not been
able to demonstrate that there is any
clear safety advantage in the installation
of reflector posts alone: but reflector
posts can reinforce the effect of carriage-
way markings where it is necessary to
emphasise peculiarities in the design of a
rpad — a sharp bend, for instance - or (o
indicate the direction of the road under
special circumstances, such as in snow
or Mooding. Special requirements are;

» they must not be so robust that they
can cause personal injury in the event of
a collision;

Principles of Road Safety



Frangible fighting colwmn

« good visibility in bad weather — which
can necessitate much cleaning;

« withstand vandalism and the climate.

Road Equipment: Traffic Signs,
Street Furniture, Cabinets, etc.
Road equipment covers a broad range of
road-safety elements. Road lighting,
antidazzle screens, islands and waming
signs assist road users 1o comprehend
and recognise the traffic situations in
which they find themselves, and they are
warned against potential hazards, Guard
rails and bridge puarapets are protective

Road Equipment: Traffic Signs, Street Furniture, Cabinets, etc.,

measures that limit the severity of colli-
sions, protect vehicles from plummeting
from the road and prevent inappropriate
behaviour. It is vital to position road
equipment so that it does not, itself,
constitute an unnecessary hazard.

Road lighting

The road standards for road lighting des-
cribe a number of lighting classes. which
should be used according 1o the class of
the road, the design speed and expected
traffic conditions. Tdeally, road lighting
should give a uniformly illuminated road
surface, against which cyclists, pedestri-
ans and objects can be seen in silhouette,
To attain optimum lighting quality and
optimum levels of lighting, the design of
the light fittings and the geometry of the
lighting installation should be matched to
the reflective properties of the road surface.
a) Lighting installations should be planned
in conformity with the road standards for
road lighting,

h) When renovating a road surface, take
care that the light properties of the new
surface correspond to the conditions for
which the lighting installation was planned.
¢) The location of lighting columns
should not create unnecessary hazards.
This can be ensured by locating them
away from the edges of the carriageway
and cycle path, the use of frangible
columns, protective guard rails and the
installation of catenary lighting, to limit
the number of columns needed,

Antidazzle screens

On unlit roads, the dazzle caused by
oncoming vehicles is a nuisance and a
potential hazard to road users. These
problems can be mitigated by the use of
sufficiently broad central reserves (over
10 m), by installing road lighting or by
plantations,
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It may be relevant to counteract this pro-
blem through the use of screens installed
on the central reserve (where they can be
mounted on the guardrail) and where
roads merge or approach each other. The
design of the screens should leave a rea-
sonably unobstructed view across the
road, while offering screening against
opposing traffic — closed screens should

not be used.

Traffic islands

Traffic islands delineated by kerbstones
should generally be of a design that faci-
litates the location of signs and other
road equipment on them. They should
also be spacious enough to accommaodate
cyclists wheeling their bicycles and
pedestrians with perambulators. Traffic
islands can be used to advantage:

« On roads where it is desirable to
separate the opposing streams of traffic
and to prevent overtaking.
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Proper ireatment of the exposed end of a geardrail is importend - this wntreated end should be buried,

= When channeling traffic on major roads,
in order to guide and protect the inter-
secting traffic stream and turning traffic,
and to make it possible for cyclists and
pedestrians (including passengers going
to and from bus-stops) to cross the road.
« Where it is desirable to prevent certain
Iming manoeuvres,

« At busy junctions on minor roads, to

emphasise the major road ahead.

Warning siens, informarory signs and
bollareds

If a project includes potentially hazardous
places or situations that cannot be modified
in any other way, the use of signs to warn
road users of the hazard can still yield a
sufety advantage. Signs and bollards
should have reflecting surfaces and/or be
appropriately illuminated. Where signs
are mounted on gantries, care should be
taken to ensure suitable, safe access for
maintenance, preferably by ensuring that

Principles of Road Safety



a maintenance vehicle can be parked off
the carriageway.

It is important for signs to be designed
and installed in a way that avoids creating
a hazardous situation and, therefore, so that
they are clearly legible, thus assisting dri-
vers o plan and execute their manoeuvres
with the greatest possible safety.

Cuardraily
The purpose of guardrails is:
a) to prevent head-on
collisions;
b) to prevent vehicles from colliding
with rigid obstacles. Such obstacles
include, for instance;
—retaining walls and other walls,
—most types of noise screen,
—bridge pylons and bridge abutments,
—concrete foundations, wells/drains or
large rocks, the tops of which are
more than five cm above the ground,
~ concrete posts, regardless of their
dimensions,

Crash cushion

— steel posts (road lighting columns,
traffic-signal posts, gantry pylons
and suchlike) with diameters in
excess of 60 mm, without break-
away safety devices,

—trees and wooden columns with
diameters in excess of 110 mm as

*“ Remove-soften

-protect™

measured at ground level,
—electrical distribution cabinets
permanently mounted on concrete
foundations or other buried foundations,
—anything that can unseat a cyclist;
¢) 1o protect vehicles from plummeting
from the road, which includes protecting
the driver and passengers from drowning;
d} to protect other vehicles
against vehicles which
are out of control.
Although guardrails
should be strong enough to prevent
vehicles from breaking through them,
they must not be so rigid or robust that
they cause as much damage in a collision
as whatever they protect against.

Alternartives to guardrails
Giuardrails are, themselves, rigid obstacles
and should therefore only be used when
a problem cannot be solved in any other
wiy, e.g. by:
—moving the road,
— straightening sharp bends,
—constructing less steep slopes,
— rounding the feet and crowns of slopes.
—removing ditches and replacing them
with some other type of drain,
—widening the central reserve,
—removing rigid obstacles, or by
maoving them further from the
carriageway,
—incorporating breakaway safety
devices into columns and posts,
or by making them from more
yielding materials,
~ improving road markings,
— imposing speed limits.
Crash cushions can be used as an
alternative to guardrails. Despite their
high cost, crash cushions give very
effective protection against personal
injury in collisions with rigid obstacles.
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Railings

Pedestrians railings can be used in urban
arcas (o separate pedestrians from the
vehicles on the carriageway, although
they cannot be used to halt runaway
vehicles. Railings should not be so high
or 50 opagque that they obstruct drivers'
view of pedestrians waiting at crossings
or of the end of the railing. Special
measures must be adopted to ensure the
visibility of children.

Cabinets, etc.

It is necessary to ensure that cabinets,
cable wells and other technical installations
that require periodic attention are located
on or beyond the footway or behind
guard rails, Where this is not possible,
inspection wells and suchlike should
cither be located on, or protected by,
islands, which makes them safer for
service personnel and road users alike.

Traffic Regulation

The aspects of traffic regulation of
relevance to road safety are primarily
speed limits and physical speed reduction
measures, junction control, pedestrian
crossings, one-way systems and the
regulation of parking.

Speed limits and speed reduction

Speed reduction leads to a drop in the
number of serious accidents. The way in
which speed limits affect speed is how-
ever more complex. It depends on the
geometric design of the roads, the density
and composition of traffic and the method
and intensity of surveillance. Although
these relationships are not yet fully
understood. experience has produced
certain practical criteria that can provide
a basis for determining speed limits,

a) With consideration for the land use
along the roads, the geometric standard
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of roads and accident rates on comparable
roads, speed limits should be set 1o the
85th-percentile speed (Vgs), 1.e. the speed
which is not exceeded by 85% of private
cars in wet weather. The applicable gene-
ral speed limits are 50 km/h in urban are-
as, 80 km/h in rural areas and 110 km/h
on motorways,
b) The desired travel speed (Vd) should
be the point of departure during planning.
It is vital that the stated speed correspond
to ndividual road vsers' perception of
the road and traffic conditions and that it
be used with tull consideration for road
safety. The parameters of geometric
elements, which are specified from the
standpoint of comfort, should be specified
directly on the basis of the desired speed,
This applies, for instance, to:

—the relationship between radius and

crossfall,

—¢lothoid parameters,

—vertical gradient.
c) For geometric elements which are
specified with consideration for safety, a
planning speed (Vp) is used, which is
obtained by adding a safety Factor to the
desired speed. This applies to such geo-
metric elements as:

—visibility at junctions,

—sight distance for overtaking,

—sight distance for stopping,

—distance to rigid obstacles,

Thus, the planning speed (Vp) is
calculated as follows:

Vp = Vg + 10 km/h for Vg > 80 km/h

Vp=Va + 20 km/h for V4 < 80 km/h

Vp = Vd on all roads in urban areas.

Thus, Vp corresponds to Vis.
d) Higher local speed limits (i.e. 60-70
km/h) than the general speed limit in
urban areas should only be used in special
circumstances on a few main roads. Such
roads should:

—have restricted frontage access,
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Complex traffic-signal control can confuse road users

—have roadside development which,

by virtue of its character or distance,

is insensitive to the noise generated
by such fast vehicular traffic,

~only permit vulnerable road users
1o cross at another level or at
traffic signals,

-no unregulated four-armed junctions,

—only permit left turns at signalised
Junctions or at roundabouts,

—have a kerb, at the minimum, to
separate light road users from other
traffic on the road.

e} On local roads in urban areas and on
streets in the centres of urban areas, where
a speed level of 40 km/h or less can be
appropriate, physical speed reducers are
usually a necessary means of encouraging
observance of the desired speed. See
Road Standards for Urban Traffic Areas,
Violumes 0 and 7 (1 ).

Traffic Regulation

Junction control

The right of way at junctions can be
regulated with give-way signs or stop
signs, roundabouts, traffic signals or by
the use of exit constructions, The general
rule of giving way to traffic from the right
can confuse road users and create conflicts
that lead to accidents. It is therefore
decisive at all road junctions that the
right of way be indicated by marking

the carriageway with give-way lines
{("shark’s teeth”), at the minimum.

a) Give-way signs are appropriate on less
busy roads and where visibility is good.
b) Stop signs should be used in cases
where the traffic situation or design of
the road demands that road users on the
minor road come to a total stop, so that
they can take proper stock of the situation.
See Effect of Stop Signs (15).

¢) Cyele tracks or cycle lanes which
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continue right up to 4 junction can cause
safety problems for cyele and moped traffic
(5,6 and 7). See also Cyele Crossings —

Safety Effect at Signalised Junctions (16);

—at priority-controlled junctions, the
number of accidents involving cyclists
and moped nders increases when the
cycle track continues all the way up
1o the junction,

— tests In progress at priority-controlled
Junctions, of the special marking of
cycle tracks/lanes, have demonstrated
behavioural changes which could
prove to result in fewer accidents,

—at signalised junctions, the installation
of blue cycle crossings can reduce
the numbers of cyelists killed or
injured, especially in connection
with accidents when turning left,

—recessed stop lines at signalised
junctions exert an influence on
accidents occurring between vehicles
turning right and cyclists travelling
straight ahead, when these accidents
occur at the start of the green period,

—truncated cycle tracks at signalised
Junctions also result in fewer accidents
involving vehicles turning right,
although cyclists consider this
approach insecure,

—tests in progress at signalised junctions,
of the special marking of cycle
tracks/lanes, have demonstrated
behavioural changes which could
prove to result in fewer accidents.

d) Junctions on high-speed roads should
not be controlled by traffic signals.
When traffic signals are installed at such
junctions, make sure that the speed limit
is not greater than 60 km/h. Under no
circumstances should traffic signals be
installed on roads where the average
speed, or speed limit, is greater than

70 km/h See Speed and Accident Risk

ar Suncrions (17 ).
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e) At signalised junctions. special phases
— e.g. for turning traffic — can improve
safety; but complex traffic-signal pro-
gramming, with many phases, long
waiting times and a dense population of
traffic signals, can confuse road users
and thus contribute 1o an increased risk
of accidents.

Roundabouts can play an important
part in limiting the number of personal
injuries at junctions — provided that the
design rules can be observed, especially
from the standpoint of the curvature of
access roads and suitable visibility splays.
The installation of small or mini-round-
abouts at junctions can be particularly
effective, and roundabouts are always
better than traffic signals, from the stand-
point of road safety in rural areas, As far
as motorists are concerned, roundabouts
reduce the risk of accidents involving
personal injury by 85%. Roundabouts
do not reduce the number of accidents
involving cyclists and moped riders,
but they do reduce the severity of such
accidents.

When designing roundabouts, give due
consideration to cycle and moped traffic.
More than a single lane in the entry, the
exit, or in the circulating carrigeway is
irreconcilable with the presence of cyclists
and moped riders (on the circulating
carrigeway itself or on tracks/lanes around
it); separate path systems should be
established for cycle and moped traffic at
such roundabouts. It has not been possible
o ascertain any differences in the level of
safety for cyclists and moped riders on
roundabouts with cycle paths, with cycle
lanes and without any cycle installation.
See Road Standards for Urban Traffic
Areas, Volume 4, Section 3.6 (1) and Road
Safery ar 82 Danish Roundabouts (18).
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Traffic island as a refuge for pedestrians

Crossings for pedestrians and cyvelists
Suitable crossing facilities should be
established on road stretches and at cros-
sings where pedestrian and cycle traffic
15 not insignificant. See Road Standards
Sor Urban Traffic Areas, Volume 5 (1),
a) Although zebra crossings and signalised
crossings can improve road safety on road
stretches, stretches that have pedestrian
crossings (with or without traffic signals)
do not generally have lower accident
rates than comparable stretches that lack
such facilities (2). The establishment of
zebra crossings on road stretches should
therefore be replaced by, or combined
with, other measures, such as:

—the installation of traffic islands

as refuges,
—the mnstallation of plinths, which

Traffic Regufation

reduce the width of the cartageway

— the reduction of vehicle speeds.
b) The construction of bridges or subwiays
should be considered at crossings where the
flows of pedestrians and vehicles are high.
¢) In general, the section of road within
50 m of signalised junctions is the most
dangerous for pedestrians to cross, The
installation of pedestrian railings can be
beneficial in such places.
d) Special, conflict-free. phases for
pedestrians are desirable for improving
road safety at signalised junctions,

(Ine-way systems

The establishment of one-way road systems
can limit road accidents, although such plans
should be implemented with great care,
Diversions for cyclists, increasing speeds

a1



It is important to consider all groups of road wser where road works are in progress
(the caption on the road-works sign asky pedestrians to use the other foorway ).
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or the removal of traffic to roads which
have higher accident rates are typical
examples of undesired effects — and are
particularly detrimental to the safety of
cyclists and pedestrians,

One-way systems should normally only
apply to vehicular traffic; the disadvantage
of permitting bi-directional cvcle traffic —
with appropriate markings and protection —
i5 usually less than the disadvantage of
compelling them to take a diversion or of
having them cycle in contravention of
the rules.

Parking at kerb

Parked vehicles affect road safety in two
WaYS!

a) Through the risk of collision between
driving and parking or manoeuvring
vehicles.

b) By masking pedestrians, cyclists or
other vehicles. The relegation of parking
to laybys on the approaches to junctions or
pedestrian crossings can prove beneficial
to road safety if parking is absolutely
necessary at these places. But it still does
not resolve the problem of cyclists on eyele
tracks hidden behind parked vehicles.

Road Works and Maintenance
Places where road works are in progress
should be considered to be potential accident
sites, It is vital at road works to ensure the
safety of all groups of road user, including
the disabled and the works crew, It is
therefore necessary to pay special attention
to the road standards governing the marking
of road works., However, the standards
cannot provide off-the-shelf solutions, as
individual situations differ so widely. See
Road Standards for Marking of Road
Works (19). Road works demand close and
frequent supervision, which also includes
on-site inspection, Traffic regulation should
be implemented with sufficient flexibility
to permit changes for reasons of road safety
— at short notice, it necessary.
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Roed safgty auditor

............................................................................................................................
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Procedure

1. A.Requisitioning  « Complete the requisition form Receipt of requisition
» Give 4 prexise specification
of what 15 bo be andited
« Be careful to state atl of

the project’s conditions:
— desipn speed
— radii of bends
- superelevation
— areak of visihility
— deparmres from mad standarde
{stele TeREONS)
— accident and traffic data, etc.
» Send sll drawings in dnplicate

................................................................................................................................................................

B. Any supplemen-  Supply the auditor with any desired  Ondering of supplementary
tary information supplementary information information, s neaded

2. Analysis « Choice of relevant checklists
» Analysisfexamination of the
project
« Inspection, if necegsary
3, Struchring * Snmming up/struchuring

+ Qeneral or specific?
s Proyblems or comments?
» Reasoning

F 7 Suggested standard prooedure - Appendix 2



Procedure

Saannpoebion

of andit report with the auditor's seserdons? COMMERE
» Formwuilate and notify
the auditor of the
planner’s opinions
C. Dislopun Joint review of the audit report. In the event of disagrecment,
o 1o Item I,
D. Arbitration = Present disagreements Recsive a copy of the Notify the degigner
of ay o clieat and request client's written decizion in writing of the decision
disagrecments a decigion (send a copy to the auditor)
» Receive the client’s
written decision
7. Finalisaticn PFeedback from the
desigoer oo agy changes
to the prajact (this can
lead to repetition of
part of the process),
The auditor declarea
the audit finished

Svggested standard procediure - Appenedin 3 5



Audit stages

Audil vt

Stape 1

Ly sigpm-tiain

Initial desipn

I}rarripilion

Review of initial project/plamming study. Important subjects for
aszesement 41 this stage could inchade:
— choice of route options
— standard and cross-section
— effects on existing network
— number of junctions. and their {ypes
{typically 1:25,000, 1:10,000 or 1:4000)

The road safsty anditor ehould not question planning mformation or reaseess
maetters of sirategy. The auditor should only concem himeelf with the presented

Exmmitiation when draft design is completed, Le. where the aligmmest hes Jarpely
been decided, but can still be modified, and before the political adoption of the pro-
ject end expropriations. Importent subjects for assesament at this siage are:

— project changes since stage 1

— aligmment (ayoat, vextical alipnment and visihility conditions}

— crome-saction (including ditches and banks)

— arrangement of functions (including visibility condidons)

— ramps and lay-bys

— any interim measures

ftypically 1:4000, 1:1000 eller 1:500)

All groups of road neer, incinding those who have spacial neads, and neerm of the
adjoining arear should be taken mio conriderstion. If there is amy risk of special read
safsty problems pocuming dming the constmetiom phase, this risk must be agsessed.

..................................................................................................................................................................

Bramination when the datailed deaign iz finighed and the limits of expropriation
have bean set, but before the @ndering material in completed and before tenders
are invited. Vital subjects for assessment at this stape are;

— project changrs since stapa 2

— detailed design of unctions

— crogefall (driving and drainage characteristics)

— markings and signs

- trafhic signels

— lighting end other cquipment

= plaotations

— imterim messures {nterim regulation md marking)

{typically 1:1000, 1:500, 1:200)

Tendering material mmst not be sent oot mtil anditing at this stage has been




Audit stages

Auuit vtoge

Stage 4

DesiraraLion

Opeaing

Di-sevipitine

2) A, final review of the finished constroction, to check from the standpoint of
road safety that it iz ready tn ba apeosd for traffic.

It i particularly important to check the locations and visibility of merkings,
especially where changes were made dyring the construction pericd. The
Binished secheme shonld be asszased from the viewpoints of all mad nsers,
in daylight and darkness.

b} After opening {within one or two months, in the case of larpe projects, and
before application of the wearing course, for small and medium-sized projects),
the enditor should axamine the schama to determine whether or pot road users
are nsity it in an Appropriate manner.

Many schemnes are constructed with the road open to raffic thronghout the
entire constrocton phase. When there {5 no questicn of an actual opening for
traffic. Bn overall examination c&n be carrisd out when the markings are in
place (e.g. when temporary lane markings heve been mede).

This examination can be carried cut by the auditor alone, or in collabaration
with the police, site engineer or the designer.

...............................................................................................................................................................

Suggested standard prooedure - Apperdix 3

An mnalysis of any accident data arnxl inspection of the scheme every third year,
with a view to detrrmining whether or oot road vsers use the scheme appropriately.
Sobject for monitoring incinde, e.9:
- does the prevailing speed comespond to the design speed?
- are the vinibility criteria still zatiefiad?
- do yninerable road users nse the installation as expected?
= hunve atry chenpes been made which coukd affect moad safety?

The momitoring of new installations shonld stert after about one year.
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Clascification into profect types and recommended audit stages - Appendix £



Choue-ing ol raad satety il

Swipgested awdllt form - Appendix 5 40



Checklists have been prepared to assist
the designers and auditors. These check-
lists describe the problems and situations
that can affect the road safety of selected
types of project and audit stage.

Although the checklists are conceived
of a& @idex memoire, using the relevant
lists simply as "tick" lists cannot replace
a roxl safety andit.

You should not expect these checklists
to be all-embracing, neither within the

ool ehacklists

Checklists

individual types of project and stage nor
for the set of all possible eypes of praject.
It can be advantageous for the individual

. highway authority to supplement and/for

add to the lists on the basizs of its own
choice of types of project and andit stages.

Overview of checklists - Appemdix &
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Agreement on road safety audit
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Audit form
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