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FOREWORD

Every year more than a million people die in roadshes around the world, and about 70
percent of these deaths occur in developing casitfPedestrians represent 65 percent of road
crash deaths and 30 percent of them are childreadtlition, a staggering 20 to 50 million
people are injured or disabled each year in roashas in developing countries, often
pedestrians, motorcyclists, bicyclists and non-mp¢al vehicles occupants. This human
tragedy is doubled by the catastrophic impact e§ lof revenues and cost of medical care, as
entire families can slip into deep poverty, wipiogt the gains accumulated over years, and
impacting, in turn, their communities. The emergencreated by road crashes also consume
precious medical capacities in the health sectat,raduce the overall access to health care.

This silent epidemic is rapidly getting worse inve®ping countries. Research conducted by
the World Bank' estimates that global road fatalities will incredsy more than 65 percent
between 2000 and 2020, unless intensified safégyvientions are implemented. In Europe and
Central Asia fatalities are forecast to increasedgrly 20% between 2000 and 2020,

These deaths and injuries are preventable asritest by the contrasting trends across regions.
Road fatalities are forecast to decrease by n@&&9¢ in industrialized countries, defined as the
G-7 countries, together with the Euro area coustied Korea, Hong Kong and Singapore. The
Netherlands has been leading the way in this tefidnproved performance. Its sustainable
safety vision has been acknowledged as one of the# mnovative and successful approaches
to improving road safety in industrialized courdri@he value of designing and implementing
infrastructure to reduce the probability and sdyesf crashes has been proven, and measurable
safety gains have been achieved.

The transfer of best practice knowledge must bdortd for widespread application.
Uncertainty about the applicability of the susthiea safety vision in transitional and
developing countries was addressed during the mBpa of this Manual. Weak safety design
capacity, poor institutional co-ordination and lied budgets presented substantial challenges to
the adoption of the holistic approach applied ie thetherlands. The Manual reflects the
realities of country environments encountered, alaments of the sustainable safety vision
have been confirmed.

This Manual is the result of a strategic allianeénzen the Dutch prograRartners for Roads
and the World Bank to test the applicability oftsirsable safety principles and concepts in road
design in Central and Eastern Europe. It represefitst step in what will be a longer journey
to implement safety as a leading and fundamenwbdecriterion for road transport, just as it is
for other transport modes. The quality of this Mdnaad the gusto with which the ideas were
received in the region, suggests that adoptionhef dustainable safety vision could have a
substantive and lasting impact on road safetyérrégion.

Maryvonne Plessis-Fraissard

Director

Transport and Urban and Development Department
Infrastructure Network

World Bank

! Kopits, E. & M. Cropper, (2003Jraffic Fatalities and Economic GrowtPolicy Research Working Paper 3035, Washington DC
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INTRODUCTION

Manual for safe road design

This manual has been created during the prdj8etfe Road Design”funded by the World
Bank and in cooperation with the Dutch Ministry ®fansport, Public Works and Water
Management as part of their ‘Partners for Roadegmmme. The consultancy services are
provided by: DHV Environment and Transportation, Netherlands.

The project is governed by contract no. 7129423edlar May 2004. The date of the
commencement of services was 26 May 2004.

“Sustainable Safe Road Design, a practical manisafi manual to assist when developing
national roads outside urban areas. The threeatmeare:

1. to provide an overview of relevant safe roadgfepractices;

2. to provide material for future training courses;

3. to guide experts in applying safer road desigasures in different countries.

This manual is not a guideline on road design fur specific country. The manual is based on
both the Dutch philosophy of sustainable safe rdzaised on the Dutch standards and guide
lines and on the training sessions given in Bulgaktstonia, Latvia, Lithuania, Poland,
Romania and Turkey in Autumn 2004 and Spring 2005.

Every location, every country and every culturdistinct in its own way and an appropriate
solution needs to be found for each location. Tlieriation contained in this manual should
always be adapted for the specific situation.

Not all weather and geographical conditions areté@ separately from each other. It is
important to develop country guidelines which cdesithe specific conditions encountered on
the roads.

The manual is written:

1. to give designers guidance to find adequatdisokifor a problem area;

2. to provide decision makers with proof of thegibke benefits of a specific solution;
3. touse as a reference book;

4. to use as teaching material.

Road safety policy

The promotion of road safety should be priority émery road authority. Attention is generally
focused on situations where a relatively large nemdd accidents and/or fatal accidents occur.
Measures designed to tackle those accident comtiems should be based on thorough,
objective analysis of the problems (determinatiérthe origins). While accident analysis and
investigations are very important this is a reactapproach to an existing situation. With
sustainable road design the approach of road s&f@io-active: prevention is better than cure!
An pro-active attitude by the road authority isesgil to avoid situations that can result in
accidents. This approach was stimulated in the Mietids a few years ago under the banner of

World Bank / Sustainable safe road design 15 September 2005, versién
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‘sustainable safe traffic’. In such a system roadety is the leading principle in the
development of road infrastructure, such that:
the chance of accidents due to the design is dedlgtreduced from the start;
in sofar as accidents still happen, the circum&tarare such that the chance of serious
injury or fatal accidents is minimised.

Road Safety

Engineering Enforcement Education
| ] ]
Dutch Sustainable Safe Pringiples
Policy development — Developmentoflas | School curriculun
Road network categorisatign
Regional development
Spatial planning — Publication of laws — Driving licence/exgm
— Enforcementoflays | | Public awarenesq
Infrastructurg campaigns
See figure P ] Media

Figure 1: Road safety elements

The principles of sustainable safety are:
Adjustments for the requirements of town and emuinental planning;
Adjustments for the requirements of safe road dhesig
Adjustments for the requirements of mobility;
Improved education and enforcement of road safetg |

These four different principles are supplementangach other and with mutual objectives to
increase traffic safety. In any choice relatedrédfic and transport, safety has to be taken into
consideration. Policies in the field of traffic etf have interfaces with various other tasks of
public authorities (integrated approach).

Set up manual

The manual “Sustainable safe road design — a pedcetianual” contains information on the
principles of sustainable road design, lookinghatgpecific engineering implications. This

15 September 2005, versibn World Bank / Sustainable safe road design
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manual focuses on the engineering principles dasuwable road safety, and covers to a lesser
degree the principles that education and enforcépiay in sustainable safety. The manual
focuses only on two-lane roads (single carriageway3ide built-up areas.

Road Safety

I
v !

Pro-active approach |‘—| Reactive approach |

| Problem (accidents |

A 4

Crigins of problems
Concept of Sustainable Safety Accidentanalysis/ Safely aud

Goals of measure

Network functions / categorisation
(see figure 3)

Institutional cooperation

h 4

Solutions / measures
(see figure 4)

Bvaluations
Safety audits

I

Reduction in accidents

Figure 2: Pro-active and reactive approach to impree road safety through road design

This manual can be used on its own
examine the theory and practice of Safe Ra
Design. In combination with the manug
“Take Over!” in which information about}
institutional cooperation is provided,

training programme for road designers can
developed.

In chapter 2 the methodology for analyzing
situation is introduced: POGSE (Problen:
Origin-Goal-Solution-Evaluation, see figur
2). Chapter 3 is an introduction to sustainah
road design- covering the topics of rog
function and categories. In Chapters 4

Narrowing distributor road

World Bank / Sustainable safe road design 15 September 2005, versién
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sustainable road design practice is covered — togabn the elements of engineering, such as
cross sections, junctions, alignment, linear véla@nd pedestrian crossings to improve road
safety. In Chapter 9 some practical examples framania, Latvia, Estonia, Poland, Romania,

Bulgaria and Turkey are illustrated.

The process of ‘black spot’ analysis is carefuliitlioed in chapter 10 and illustrated with an
example from the Netherlands. Chapter 11 outlirsesaf cost benefit analysis to determine the
optimum solution. Education and enforcement, theeotwo E’s important to implementing
successful road safety are covered in Chapter 12.

15 September 2005, versibn World Bank / Sustainable safe road design
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SOLVING ROAD SAFETY PROBLEMS: A STRATEGY

Present practice

Traffic problems are often approached from a spepifint of view. The road owner (authority,
council) identifies a problem, a group of expertvelop a solution and the owner takes a
decision. Occasionally, involved parties such asdents, school boards, retail associations or
councillors are given the opportunity to put theiew forward. The danger of a one-sided
approach is that not all aspects of the problemsaiféiciently dealt with. Was a cheaper
solution possible instead of the expensive traffigulation system? Has the problem actually
been solved? In this manual emphasis will be oml e@sign in relation to road safety with
special attention to design standards, accidenysinand cost-benefit analysis. A step-by-step
method is described to lead from problem recogmitto development of adequate and
appropriate solutions.

Policies

Road safety policy is in many countries a spearlaetion. For instance: it is based on selecting
and analysing black spots, giving special attentmrvulnerable road users (pedestrians and
cyclists) or predominant accident types (speedahcphol). In United Kingdom, Sweden, the

Netherlands and Denmark this policy has provenetodry successful in reducing the number
of accidents and fatalities. However, for contiquthe downward trend in fatalities and injuries

it is necessary to develop a more comprehensiveoaphp, based on the interaction between
humans, vehicles and the infrastructure. In thehdkdnds this approach is known as
“Sustainable Safety”. In Central and East Europeamties with high accident rates, due to
the strong growth of car ownership and partly impdae infrastructure, the spearhead policy
seems to be the most cost-effective manner tositrt

Approach

The frustrations of interested parties not involiethe process should not be forgotten, nor the
interminable discussions afterwards which comdatmin the day. A great deal of unnecessary
time and money is wasted in this way, certainlthé situation has to be modified afterwards.
Unnecessary because there is a better approadifio problems:

POGSE
This is a simple aid to quickly and effectively brs& and solve problems. POGSE stands for

Problem

Origin (cause)
Goal (objective)
Solution
Evaluation.

World Bank / Sustainable safe road design 15 September 2005, versién
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Integrated approach

POGSE is a coordinated approach, integrating a eumblogical steps to solve the problems
of traffic safety. It promotes consultation andiaetinvolvement of all parties concerned (the
stakeholders) to systematically seek solutionsraffit problems. The starting point is the

opinion that all stakeholders — with their trafiehaviour and views on traffic— should play a
role in seeking and finding the correct solutioB®mmunication and cooperation are just as
important as traffic science and engineering.

With the POGSE approach all parties involved areirassof the opportunity for maximum
input to the decision-making process. The POGSE appreaves time, money and frustration
and provides demonstrably better results. In thin&téands it is applied successfully in various
situations, both simple and complex, to solve itgifoblems.

The POGSE approach has many advantages. Most emportaturally, is the quality of the

decision. The broad approach generally generatiesspaf view that are overlooked in the one-
sided approach. With the POGSE approach the vapoumss of view can be carefully weighed
up against one another.

The approach, simplified by the steps Problem-@r{gbal-Solution-Evaluation, summarises
the entire decision-making process. Contrary toctheventional approach, involved parties are
not confronted with ready-made solutions, but taesy given the opportunity to participate and
react early on in the process.

POGSE: step by step

Problem

A problem is mainly related to a location (junciar a road link. It can be determined on the
basis of accident records (see chapter 10: “Amalg§iaccidents”), but may also follow from
complaints of local residents. Insight is needetha present and future function of the road or
road links. (see chapter 3: “Sustainable safe
road design: theory”). The trap of confusing
the problem itself and the cause of the
problem should be avoided (see the next step
of the POGSE approach). Consensus of the
stakeholders on the real problem and the
intended function of the road (link) are
required before the next step is started.

Origin (cause)

When agreement regarding the nature of the
problem is achieved; it is possible to proceed
to the following phase: indicating possible
causes. Opinions can differ drastically here
between the stakeholders. Car drivers, for

15 September 2005, versibn World Bank / Sustainable safe road design
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example, can be inclined to point to irresponsayelists’ behaviour, while vice versa there are
complaints about speeding by car drivers. At thisge, clear, independent research is
indispensable. It is essential for all opiniond&considered, as more than one cause can lead
to the identified problem. Also with this step, egment on the cause(s) of the problem is a
requirement before proceeding to the nqit -

step.

The analysis may concern:

- accidents (black spot analyses,
chapter 10);
complaints (local residents, drivery
school boards, other pedestrians);
traffic data (speeds, volumes);
confusing road lay out;
evaluation of measures (reconstruction
else) taken in the past (see the last stej
the POGSE in this chapter).

All stakeholders should be convinced

Goal (objective)

Once problems and causes have been analysed abtisk&td, a common objective needs to be
formulated. For example: within a certain period ttumber of accidents at a junction have to
be halved, or cyclists are not to be mixed witht fgeeeding traffic on a particular road link. In
every case, the description of the objective néedtsclude the highest achievable return.

If an agreeable objective cannot be specified,ethiera danger of remaining on a too general
level like “Improving the road safety”. Make sufeetobjective can be measured by defining a
guantified improvement. In the evaluation the resof the measures taken (the solution) will
be checked or audited against the goals identifigdis step. When a specific, common goal is
agreed, possible solutions can be identified argldmented, which is the next step.

Solution
This step is to devise possible solutions, in wtiteh traffic expert has an important role. The
input or basis for optional solutions are the cos@ns of the previous steps (the goal in
particular). The stakeholders may propose altereasiolutions to facilitate discussions and
decisions. The final choice is made consideringdllewing:

which solutions have the best effect (comes netmdbe goal or goals)?

what is the cost?

are other works foreseen to combine with specigasures?

A cost benefit analysis (see chapter 11) may pewvitbre insight when comparing and
discussing possible solutions. All stakeholdersuthdbe convinced that the final choice would
provide the benefits appropriate to the identifidgjective or goal. If so implementation (design,
construction, installation) can proceed.

Evaluation
Evaluation is the continuous monitoring of the eféeof measures, followed by comparison
with the set goals. Monitoring means collection amdlysis of traffic data and accident data,

World Bank / Sustainable safe road design 15 September 2005, versién
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complaints. Experience shows that implemented measdo not immediately lead to an
improvement of the situation; it may even worsdtidlty. Evaluation is also very important to
gather experience and knowledge about safety messuthin certain circumstances.
Comparison with the set goals means: an answéietguestion whether results are as expected
(do the results comply with the goals).

An evaluation period of three years is generallgesieed before definite conclusions are drawn.
If found that the benefits are not satisfactoryg BFOGSE approach should be repeated, most
probably leading to a refinement of the initialuga@n.

15 September 2005, versibn World Bank / Sustainable safe road design
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SUSTAINABLE SAFE ROAD DESIGN: THEORY

In the early 1990's, in the Netherlands Sustain8laliety was developed as a vision towards a
safer road traffic system. The aim of Sustainabléet@ais to avoid burdening in a future
generation with the consequences of road traffdants resulting from current and future
mobility demands. The means are available to sutislignreduce the costly and largely
avoidable road casualty problem. No longer do wetw@hand over a road traffic system to the
next generation in which we tolerate that roadgpanmt inevitably leads to thousands of deaths
and injuries every year.

Safety concept

The starting point of the concept of ‘Sustainalalfety’ is to considerably reduce the probability
of accidents through improvements in infrastrudtaesign. In addition, where accidents still
occur, the process that determines the severithesfe accidents should be influenced, so that
serious injury is minimized.

The concept is based on the principle that “mahageference standard” (the human factor will
always be present), A sustainable, safe traffitesgdas:

an infrastructure that is adapted to the limitagief human capacity, through proper road
design,

vehicles equipped with tools to simplify the tagsdsman and constructed to protect the
vulnerable human being as effectively as possible;

and a road user who is adequately educated, intbrane, where necessary, controlled.
The ability and vulnerability of man should be theference standard and road safety
problems should be addressed at all levels.

The key to achievement of a sustainable, safe draffistem lies in the systematic and
consistent application of safety principles.

Safety principles

The Sustainable Safety starting point of man, wkith cognitive and physical limitations as a
reference standard, is elaborated inrdgagratedvision of the elements of ‘'man’, 'vehicle', and
'infrastructure'. In sustainable safe road tratfie entire traffic and transport system is adpiste
for the limitations and capabilities of road usérke objectives are prevention of of accidents;
and that the consequences of accidents are kepniaimum. The infrastructure should prevent
collisions of moving objects with large differendadirection, speed, and mass and should also
inform the road user what behaviour is expectedadRasers are educated and informed
properly; their behaviour is tested regularly.

World Bank / Sustainable safe road design 15 September 2005, versién
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Sustainable safety is based on a systematic agprehere all elements of road safety and the
transport system are geared to one another. TraHi to be regarded as a system with
infrastructure, regulations, vehicles, and traffacticipants as the main elements.

HUMAN FUNCTION
VEHICLE |4 INFRASTRUCTURE FORM <+—> USE
Figure 3: Systematic approach to Sustainable Safety

At the highest level it is the interaction betweean, vehicle, infrastructure and legislation. At
the next level it is the relation between functifoxm and usage (see figure 3).
Function: relates to the use of the infrastructure as dedrby the road authority;
Form: relates to the physical design and layout praggndf the infrastructure;
Usage: relates the actual use of the infrastructure thedbehaviour of the user and
legislation relates to regulatory requirementstfi@r use of the infrastructure.

All these elements must be attuned to one anothibirvithe concept of sustainable safety. That
tuning is a matter of coordination between perfaroga formula, regulations and usage. In
summary a sustainable, safe traffic system congarise
a road environment with an infrastructure adaptedte limitations of the road user;
vehicles equipped with technology to simplify thévohg task and provided with features
that protect vulnerable and other road users;
road users that are well informed and adequatelgaddd;
legislation and enforcement safe driving practice.

The essence of the sustainable, safe approachtiprivention is better than a cure (as opposed
to intervention afterwards). Each category of roaduires a design compatible with its
function, while at the same time ensuring optimwuafety. To meet the latter requirement, all
road categories should comply with the followingeth safety principles:

Functionality: preventing unintended use of the infrastructuree tinaffic will be
distributed over the road network as was intendetithe various roads are
used by the types of traffic for which they areigeed,;

Homogeneity: avoiding significant differences in speed, drividgection and mass of
vehicles. Differences in speed and mass betweaspcat modes using the
same link or junction at the same time is reduoea minimum;

Predictability: avoiding uncertainty among road users; as far asiple predictable traffic
situations; road users anticipate the layout ofrttael correctly.

15 September 2005, versibn World Bank / Sustainable safe road design
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Functionality

The functionality of the road system is importantts that actual use matches with intended
use, as designed by road authorities. Roads, will@rroad network, have different functions
(see paragraph 3.5) clear distinction between tiaels with a through function or an access
function needs to be made. In other words ‘throtrgfffic’ or long-distance traffic does not
belong on roads with an access function, and ltedfic does not belong on roads with a
through function. This requirement has implicatidos design of roads in the network. Roads
with an access function should not offer time-sgyialternative routes (rat runs) to through
traffic (that is: traffic travelling to or from aotation outside the immediate area); and roads
with a through function should not offer direct ass to homes, schools, offices, factories,
sports facilities, etc.

The requirements for functionality are:
realization of as many connected residential ae=sapossible; make residential areas as
large as possible without division by through rqads
minimum journey time along unsafe roads, let thennpart of every trip be traveled over
the safest type of road,;
trips as short as possible;
shortest and safest route should coincide.

Sustainable safety makes demands on function&l@ty requires individual road user to choose
a route that is safe, for both themselves andttoers. This means that a ‘through’ journey may
not go through a residential area. Driving alongiagsafe road for too long is also not desirable.
A large residential area is safe for internal tcafind prevents too many crossings-over by slow
traffic of the surrounding through roads. An arbattis too large leads to too much internal
traffic; one that is too small leads to too mamycjions with the surrounding through roads.

Homogeneity

The severity of road accidents is usually deterohimg the factors of speed, direction, and mass
of vehicles. Worldwide the safest roads are theomys, based on the number of casualties
per kilometre driven as the safety indicator. Alibb driving speeds are the highest they are
relatively uniform and is little variation in diréon (e.g. no crossing traffic) and vehicle mass
(no pedestrians, cyclists, mopeds or slow movirtgales). The 30 km/hr zones and residential
areas, are also relatively safe despite considenadiation in the direction and mass of traffic

participants. In these cases the increased safatitributable to low driving speeds and small

speed variations between different road users.

Speed is one of the core issues in road safetyhedidriving speeds lead to greater collision
speeds and thus to more severe injuries. Higheindrspeeds also provide less time to process
information and to act on it, and the braking dis&is longer. Thus the possibility of avoiding
a collision is smaller. In short, fast speeds l&a@ higher incident of accidents, also with a
more severe outcome. However, we do not suffigiekitiow the exact relation between speed
and road safety. We also do not sufficiently kntw tonditions that influence this relation to
calculate the effects of concrete speeding measures

It is not straight forward to determine the numbgcrashes in which too fast speed is the main
cause. There are often various factors involveéddition, speed can contribute to there being

World Bank / Sustainable safe road design 15 September 2005, versién
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an accident because it was faster than the spedt] br faster than that relevant to the
circumstances at that time. This second aspecpecesdly difficult to quantify objectively.

Consequently the police rarely register speed asecaf the crash. However, in-depth studies
internationally report a share of 20-35% and spseédentified as a very important road safety
factor.

The roads that fall between through roads and aawegls require special attention, since they
are the most dangerous. These are the roads wligtirdbutor function, where vehicles travel at
fairly high speeds and there is a great deal efrgeicting traffic. Safety improvements on these
roads require the separation of motorised and notorised traffic (e.g. separate foot and cycle
paths). This reduces variations in traffic speedd mass. At locations where motorised and
non-motorised traffic intersect, lower maximum gieeshould be introduced, or traffic
movements should be controlled (e.g. traffic signaloundabouts etc.). At junctions,
roundabouts are preferable. Traffic signals carsedarge variations in driving speeds (e.g.
when drivers ignore red lights) although thesesanaller than speed variations at uncontrolled
intersections.

The homogeneity requirements are mainly the restilaccident analyses. Making certain
conflicts impossible and separating different vihitypes could prevent many accidents.
Accident severity decreases considerably with lowpeeds and obstacle-free zones. The
requirements for homogeneity are:
- avoid conflicts with oncoming traffic;

avoid conflicts with crossing-over traffic, partlady slow moving vehicles at junctions;

separate vehicle types;

reduce speed at potential conflict points;

avoid obstacles along the carriageway.

Predictability

To prevent uncertainty among road users, roadslgHmi constructed and marked/signed to
make obvious what sort of behaviour is expectedotimer words the road must be "self-

explanatory”. To facilitate clear distinction beewethe road categories, the number of road
classes should be restricted and their design ayout as uniform as possible within each

category. Road users will then have a better idemhat sort of driving behaviour is expected

of them, and be better able to anticipate the nigibehaviour of other road users. With “self-

explanatory” roads, road users will know at whipleed to drive, whether to expect traffic from

side roads, and whether cyclists are likely to véhe road.

The requirements for recognition and predictabgitg:
avoid unpredictable behaviour by clear designingrkimg and signing;
make road categories recognizable;
limit the number of design elements each categondyraake them uniform.

The homogeneity requirements aim at orderly trafficroundings: unification of measures,

road signs and signposting. For Sustainable-satiiy, limitation of the number of road

15 September 2005, versibn World Bank / Sustainable safe road design
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categories produces the largest contribution ta¢hegnition. This assumes that the differences
between the categories are large, and within eatggory are small.

In a sustainable, safe traffic system the humaesake central role. Humans are (largely)

unpredictable and influencing their behaviour carb®sustained over the long term. They are
therefore incorporated in sustainable safety asfexence against which other system elements
are measured.

Road functions

A sustainable safe road network has three trafiictions:

flow function: vehicle movement rapid and uninterrupted through roads
(national roads);

distributor function: for the distribution and collection of traffic tanaé from different
districts and residential areaslistributor roads(regional roads);

access function provide entrance: vehicles reach and depart faomindividual
dwelling, shop or company while ensuring the satdtyhe street as
a meeting place, as for cyclists and pedestriaascess roadg¢local
roads)

Presently, roads and streets often have more then tmaffic function, creating unsafe
conditions. The concept of sustainable, safe roalsport comes down to the removal of all
function combinations by making the road mono-fiowl, i.e. by creating categories of roads:
pure through roads, pure distributor roads and puress roads. Multi-functionality leads to
contradictory design requirements, and also todrigiccident risks.

Together, the three road categories make up a nmedork. Junctions are intended for
switching traffic from one road to another road.aRdinks are intended for traffic flow. An
exception to this is the road link in access roaslsere stopping and turning is allowed.
Through roads should not have junctions but seliel interchanges to guarantee a continuous
flow function.

Besides a traffic function, streets and roads banrareas should allow people to move around
the vicinity of their house safely and comfortakdyd this residential function and this function
can be combined with the access function. A residleriunction for areas means that
pedestrians, playing children, cyclists and park& can use the same area. The roads in these
areas should be designed in such a way that thelergl function is immediately
recognizable, and prohibits driving speeds of mik@n 30 km/hr within urban areas or 60
km/hr within rural areas. The possibility of coofb between slow and fast traffic may still
exist, but the lower speed allows good anticipatiod avoidance of hazards. Furthermore, any
accident that does occur should have less seramsequences.

Recognizable road categories

In a sustainable, safe traffic system road useosvkwhat traffic behaviour is expected related
to the road category, and what to expect from atbad users. Emphasizing the recognizability
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of each category increases predictability. The meisha that ensures the right level of

predictability consists of two steps:

1. road users must be able to recognize the rotsjay by a small number of design
elements;

2. based on education and experience, road usensldstknow which possible traffic
situations are associated with the present roagjosy.

The aim of this mechanism is to lower the workl¢admental load) of drivers. This will have a
positive influence on the performance of the digviask. A small set of the operational
requirements should ensure the predictability eftthffic situations. Such a set consists of
continuous longitudinal road elements:

longitudinal lane/direction road markings;

separation of directions;

pavement, irregularity of the surface;

presence of vehicle breakdown facilities and olsthee zones (emergency lane on

motorways);

applied junction types within a road category.

Ideal situation

The situation described in the paragraphs abovanisdeal one and nowhere in the world
(including the Netherlands) has this been achienetd Experiences with implemented safety
features are now being gained, and are subjecbriintious evaluation and adjustment. Any
road authority wanting to adhere to the principbéssustainable road safety will realise that
changes can be made only gradually. The idealtsituavill only (if ever) be reached after a
long period of time (decades).

There is, therefore, no certainty yet about whatctusions can be drawn regarding the precise
influence of each of the mentioned road featureshenlevel of anticipation of the road user.
Furthermore, this project studies existing roadagibns. It only answers the question regarding
which existing road features, in not yet sustaieabhfe situations, influence road user
behaviour. For the design of sustainable safe maadundings, it would be appropriate to
know what the influence is of adapted or new radires in sustainable safe surroundings.

The influence of the design and the environmerdrdrer anticipation is important.
In the Netherlands the debate on developing oneofetandards has led the Dutch Road
Administrations to agree on the following:

through road:

- physical separation (between opposing traffic dioes);

- emergency lane;

- priority road (main road);

- continuous edge lines (0.20 m wide);

distributor road:

- non physical driving direction separation, two Jd@tinuous centre lines;

- priority road;

- discontinuous edge lines (3 m line ,3 m gap, 0.15ide);

access road:

- no centre line marking;

15 September 2005, versibn World Bank / Sustainable safe road design
-18 - MV/SE2005.0903



DHV Environment and Transportation

- separate cycle path, priority junctions if effeetiess can be proven;
- no edge line, if effectiveness can be proven discoaus line (1 m line, 3 m gap, 0.10
m wide).

3.5 Road categories

The layout of a road should be appropriate toutecfion. This is presently explicitly the case
for motorways and urban access roads. Howeverlayeuts of roads especially meant to
distribute traffic often have too great a diversiBn through roads in rural areas, it is physically
possible to drive at high speeds, on distribut@deothe speed limit is low (particularly at
junctions), and on access roads the speed is @weer.l The layout should ‘automatically’
enforce the desired speed.

351 Through roads (rural)
The through road is divided in two types (tablefigure 4), but each type has the essential
characteristics of this category (the layout oftepe as distinctive as possible):

type | : motorway (freeway);
type Il : motor road (trunk road).

Table 1: Essential characteristics of through roads

Type |I: motorway (freeway) Type II: motor road (tru nk road)
speed limit 100 or 120 km/hr speed limit 200 km/hr
design speed 120 km/hr design speed 100 (90) km/hr
split level interchanges split level interchanges
physical separation physical separation
at least 2x2 lanes at least 2x1 lanes, maximunx®f 2
emergency lane emergency bays and/or semi hardidgiou
complete marking complete marking
Type |: motorway (freeway) Type II: motor road (tru nk road)
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The construction of a motor road or trunk rog
with a physical carriageway separation
expensive. The Dutch Road Administratio
agreed on a phased solution. The pict
shows an example: two continuous lines f
up with a green surface. This design
(unfortunately) quite similar to a distributo
road (see chapter 3.5.2). To recognize t

design as a through road is difficult. -
Two continuous lines filled up with green surface

Distributor road (rural)

The distributor road is also divided in two typéable 2, figure 5) and each type has the

essential characteristics of this category (thedapf each type as distinctive as possible):
type | : dual carriageway;
type Il : single carriageway.

Table 2: Essential characteristics of distributor 0ad

Type |: dual carriageway; Type ll: single carriageway

speed limit 80 km/hr; speed limit 80 km/hr;

design speed 80 km/hr; design speed 80 km/hr;

physical carriageway separation; non physical dgwirectionseparation;
priority road, 2x2 lanes; priority road, 1x2 lanes;

closed to (light-) mopeds and bicycles; a closed to (light-) mopeds and bicycles; a
parallel cycle path or service road exists; parallel cycle path or service road exists;
junctions designed as roundabouts or priority junctions equipped with speed reducing
crossroad with traffic lights; provisions or designed as roundabout ;
limited number of connections to access roags; tdichhumber of connections to access rog
Emergency bays or semi-surfaced shoulder; Emeydeas and semi-surfaced shoulder
discontinuous edge line; discontinuous edge line;

Type |: dual carriageway

Ty II: single carriageway

Figure 5: Examples of distributor roads outside but-up area

ds;
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Rural access roads

The surfaced width of access roads varies betwéesh @hd 6 metres. The lane width (in the
middle of the carriageway) for motor vehicles igvimen 2.50 and 3.50 metres. The surfaced
width is the sum of the widths of the above andwidths of two non-compulsory cycle lanes
(discontinuous line; no cycle symbols/pictogranid)e access road is also divided in two types
and each type has the essential characteristitésofategory (figure 6):

type | :vehicle lane with separate cycle pathggjprity junctions are possible;

type Il : single lane for all road users; at levad;priority crossroads.

Junctions of access roads and distributor roadsnatiee form of a roundabout or a three or
four-arm crossroads. Distributor roads have raigledeaus 100 metres before and after the
crossroad junction. Junctions of access roads @itdchative have a raised plateau.

Type | Type Il

Figure 6: Examples of access roads outside built-ugrea

The access road, type 1 has cycle lanes (discantinline, red surface) and raised plateaus (to
reduce speeds to 60 km/hr). The type Il road hamarkings and semi-surfaced shoulder.

Network classification

In almost every country the existing road netwoik turn out to be a result of semi-structured
developments in the past. For example, it is evidleat certain villages have been united to
form one big town, and in many cases when doing, tonnecting roads between the villages
became part of the urban area of the new town withasing their original function. So, it is
imaginable that such a development led to roadssetfanction, design and usage are not
attuned to each other. In practice this will oftenthe case. Now the question presents itself:
how to change from an existing road network to stanable safe road network within realistic
costs?

When designing new roads and reconstructing egistiads, road safety is an important issue,
together with those of the physical space, the btydbe function of the road, the flow capacity,
and environmental. In the sustainable safety cdanagtegorizing should be considered as a
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‘optimum target’ that previously has to be considkemwith other ‘targets’ like accessibility,
environmental problems and physical planning. lis thay all parties benefit from an early
cooperation between the different policies. Theirdefor a sustainable safe road system by
categorizing the road network therefore can bazaedistep-by-step.

Such a step-by-step plan can be considered asrmtivie process when not all conditions for
one separate step can be fulfilled. In this caséllitbe necessary to return to a former step. By
doing so, the categorized road network is achieddr establishing an overall picture of the
network, choices can be made and brought intoipeaict the transport plans / designs.

At the highest level the infrastructure networleggablished, where each road network has to
fulfil three fundamental functions to allow eacladouser to:

be able to go from origin to destination (flow ftio);

be able to enter and leave an area with multipiiritions (distributor function);

be able to access properties alongside a roadeat $access function).

— Flow function
Distributor function
Access function

e N Residential area

S_—_——-—

Figure 7: Categorisation in a road network accordimg to Sustainable Safety

This produces a road network with three categdfigsre 7):
1. Through-roads (flow function): enabling high ege for long distance traffic and, often,

high volumes;
2. Distributor roads (exchange between flow andesgk serving districts and regions

containing scattered destinations;
3. Access roads (access function): enabling diaecess to properties alongside a road or

street.
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Roads and streets, generally, fulfil more than fumetion. and this combination of functions
results in higher accident risks. That is why, irswstainable safe road network, each road
should only have one function. Together, theseetfuiactions form a road network that (greatly
simplified) looks like that depicted in figure 7.

On a detailed road design level, the sections aflschave a different purpose than that of the
Junctions or intersections (see table 3). Inteisestare for traffic exchange (allowing changes
in direction etc.) whilst road sections facilitataffic flow. Exceptions to this are the road links
of access roads where traffic modes are not seyghrapeeds are low, and all types of road
users share the roadway. Main roads with a flovetion (motorways or freeways) do not have
junctions, but are fully grade separated intersastwith free flowing links.

Table 3: Purpose of road links and junctions on dierent road categories.

Road type Road elements

Road link Junction
Through road Flow Flow
Distributor road Flow Exchange
Access road Exchange Exchange

The first step is to categorize the roads, whiclamsethat every road must be given a certain
function. Thereafter, the proper design should Hendé on basis of the design criteria. When
giving a function to a road, it is important to louup a logical road network based on the three
categories of roads: flow function (through roadi$tribution function (distributor roads) and
access function (access roads).

Sustainable safety begins with preparation of agmizing plan by all those road authorities
that are responsible for the construction and rmaantce of roads (figure 8). The initial step is
to agree on the function that individual roads hevéulfill. The purpose of these categorizing
plans is to reduce the number of road classesdrraad network hierarchy to 3 outside the
built-up area (and 2 within the urban area). Thessls would eventually have to be given a
layout that makes them unique and identifiable He toad users (the concept of “self-
explanatory” roads).

The expertise of different kinds of people
has to be combined, so that a framework can
be established for the function of every road
to be built in the future. In this plan, every
road in an area is designated one category
only, and the functional requirements for
that road category are already specified.
Then as a critical operation it is essential
that the roads and streets are designed in
L2 : it such a way that they optimally meet the
Distributor road, dual carriageway, one lane corresponding functional requirements.
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through road (international)

through road (national)

through road (regional)

distributor road

Figure 8: Example of road categorizing plan of a Dtch province Noord Brabant

3.7 Capacity

For the appropriate selection of cross sectiorsfdtiowing recommendations are given:
if the expected traffic volume is greater than B5,&ehicles/day, than four lane median
separated standard cross sections should be pdyvide
for traffic volumes between 15,000 and 25,000 Vebiday either the intermediate cross
section 2+1 (see chapter 4) is appropriate;
for traffic volumes less than 15,000 the intermegl@oss section 2+1 may be adequate, but
a single carriageway with two lanes and two walfitrés also possible;
in general the cross section is not normative et level road junction or the grade
intersections.

Indicative capacities of motorways (120 km/hr) anokor roads or trunk roads (100 km/hr) are
shown in the table.
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Table: Indicative capacities of motorway and motoroad

Road category / type Number of lanes Capacity (pidif)
Motorway 1 2,160

2 4,650

3 7,250

4 9,700
Motor road 1 1,575

2 4,000
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SUSTAINABLE SAFE ROAD DESIGN: CROSS SECTION

Design details of rural roads with single carriaggwnd two way traffic are given for:
the cross section (chapter 4);
the junctions (chapter 5);
the alignment (chapter 6).

The specific safety problems for linear villages arainly conflicts between transit traffic, local
traffic and especially vulnerable road users (pe&es). The purpose of chapter 7 is to present
solutions for design principles.

The need for pedestrian crossings near bus stopsdtance is depending on the number of
crossing pedestrians, the road width, the traffilumes and the speeds. Chapter 8 gives some
design principles and examples of measures.

Cross section Alignmer Pedestrian
Sight distance | Sight distance l_
htermediate —I Horizontal alignment | |Reducmg crossing length l_
[ | cross sections
_| Transition curves | | Traffic calming l_
Design of
| road side _| Super elevation | | Refuge l_
Side slopes _I Vertical alignment | | Give-way crossings l_
—| Coordinated alignment | Underpass, tunne
bridge
9“”0“0”5 ]_ Linear village

Roundabout _| Ring road |
Priority Junctions _| Tackling urban section |

_| Boundery of builp area |

Measures in transitional
area & center

Figure 9: Road design topics

Cross section

The main elements of a road cross section are:
the pavement with the vehicle lanes, edge stripraarkings;
the emergency zone and obstacle free zone;
the embankment and cutting slopes (and ditches).
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The width of the cross section is determined by:

- the pavement related to the number of lanes;
the required width of the edge strip;
the shoulders and earthwork slopes and depth;
segregated parallel facilities (cyclists and patkass);
the ditches.

The choice between type | and type Il for the thstor road (see paragraph 3.5) is determined
by the required capacity of the road link. The maxin capacity of road type Il (single
carriageway, two way traffic) is ideally an averagke approximately 2,800 pve/hr (pve =
passenger vehicle equivalent). Relative to theildigion of the two way traffic, the capacity
can be as much as 3,200 pve/hr. The capacity vgever, determined by the ‘weakest’ link in
the chain of road links and junctions. In the eveht (expected) higher traffic volume than
approximately 2,800 (3,200) pve/hr, the capacitthefregional access road should be increased
by introduction of a section of 2 lanes per dirett{road type |, dual carriageway).

Depending on his speed, the driver of a vehiclaishkeep a certain distance from other road
users and the fixed objects next to or above the.&laturally, the space needed also depends
on the dimensions of the vehicle. The spatial regpénts comprise several components:
- the traffic space, consisting of:

- the physical dimensions of the design of the vehicl

- the horizontal and vertical deviations due to vihinanoeuvring;

the space profile, consisting of:

- the traffic space;

- the object distance, the distance that drivers kieem fixed objects for fear of

collisions.

the safety zones, consisting of:

- the emergency zone;

- the obstacle free zone.

4.1.1 Distributor road type |

The Dutch cross section of the distributor roacety s illustrated in figure 10.

h T
e !
€ a a €
N T _ \‘_J—q_
g J
a (lane) =3.10 m f (emergency zone) = 2.40 m
b (separation line) = 0.15 m g (pavement width)257m
c (edge line) =0.15m h (obstacle free zone) € 405 6.00 m
e (edge strip) =0.30 m j (median3.90 m

Figure 10: Normal cross section distributor road tye 1, dual carriageway
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The distributor road type | with at grade
junctions should preferably only be applied
under the following circumstances:
speed limit 80 km/hr;
dual carriageways by means of a
(narrow) median;
separation of cyclists, tractors and other
automotive machinery with a limited
speed;
preferably at grade separated crossings
for slow traffic;
no connections of access roads.

The cross section in the Netherlands applied

in the past for distributor roads outside built-
up area is illustrated in the photograph. In

Distributor road, design in the past

accidents take place on single carriageways

practice this profile entails primarily the
following problems:

a relatively large number of serious
accidents as a result of head-on collisions
(primarily as a result of overtaking
manoeuvres);

a relatively large number of run off road
accidents (single vehicle accidents).

A high number of (very) serious frontal

with-wiay traffic. These accidents occur not

only as a result of conscious overtaking manoeyvas also as a result of ‘unconscious’ or

unintentional sideways movement.

-— = _— =
e a b d b a e
¢ c
—  { P

a (lane) =2.75m

e (edge strip) =0.30 m

b (separation line) = 0.15 m

f (emergency zone}6 2n

c (edge line) =0.15m

g (pavement width) = 7.50 m

d (driving direction separation) = 0.80 m

h (obktdree zone) = 4.50 (6.00) m

Figure 11: Normal cross section of distributor road type I
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Separation of the two lanes of traffic in opposlteections (separating the driving directions);
prohibition and prevention of overtaking all cohtrie considerably to decrease the risk of these
serious accidents. The preferred solution consista@ continuous separation lines, between
which reflectors or typical small sized obstacles iastalled diagonally to the centre line with
retro-reflective strips (figure 11). It is also gdde to create a slightly convex elevation between
the separation lines in a different colour andussxt

In principle, prohibition or prevention of overtaki (ideal situation, photo 1) applies to
distributor road type Il for road safety reasonise Blow (agricultural) traffic then uses a service
road or a parallel road. When this is not the cdmefollowing options are available:

- prohibition of overtaking, but overtaking of slowotorised traffic is permitted (see photo 2);
construction of passing lay by at regular intertalsllow slow vehicles to pull off the road
(see photo 3);
prohibition of overtaking on curves without an oxiew (see photo 4).

Photo 1: prohibition of overtaking

Photo 2: Overtaking of slow traffic permitted
A P

o o

Photo 3: passing lay by at regular intervals Photd: prohibited overtaking non-overseeable curve

The lane width for all categories in various coig#tis more or less 3.50 m. Such a width is in
the Netherlands only applied on motorways (120 knin accordance with European legis-
lation. For more minor roads, depending on theuoitstance, narrower lanes are applied:

100 km/hr :3.10mto 3.25 m;

80 km/hr :2.75mto 3.10 m.
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4.2 Intermediate cross sections

In Germany and Sweden, for example, extensive relsdaas been conducted into possible
intermediate cross sections. The following crostizes have been included (figure 12):

Figure 12: Intermediate cross sections

2 lanes, two-way traffic with normal lanes and natedge strips (b2);

2 lanes, two-way traffic with hard shoulders, whate also intended to simplify overtaking
and evasive manoeuvres (b2s);

2 extra-wide lanes (b2l), two-way traffic where daking manoeuvres can be executed
without or with negligible crossing of the axisdin

3 lanes where the central lane is allocated altieig to one of the two directions (b2+1);

4 lanes, two-way traffic without a median (x4);

4 lanes two-way traffic with a (narrow) median lbuthout emergency lanes (x4m);

4 lanes two-way traffic with a median and emergdaogs (b4ms, motorway).

With regard to the single-lane cross section withpavement width of a maximum of 8,00 m
(b2) and the cross section for motorways(b4ms)dacti analyses have assessed the various
cross sections as follows (figure 13):

- in comparison with the 2+1 profile (b2+1), singkriageways with two normal lanes and a
normal edge strip (b2), single carriageways witb tanes and hard shoulders (b2s) or two
extra-wide lanes (b2U) clearly provide less safety;
single carriageways with 4 lanes (x4) exhibit aléss favourable value for the accident rate
than the 2+1 profile and the dual carriageways ({x4m
dual carriageways with two lanes (2x2) without areegency lane (x4m) have a low
accident rate; which are significantly lower thanthe single carriageway section.
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Accident rate (AR) = numb
of accident per 1 milj. vehic
kilometers

Figure 13: Accident rate intermediate cross sectian

Traffic flow
Analysis of results from traffic flow/speed survegdicate the following:
The speed on roads with single carriageways hatiffgrs from that of roads with 2+1
lanes (maximum speed 100 km/hr). On roads withaewide lanes (b2u), however, the
speeds are considerably high.
The wide edge strips and extra wide lanes posjtivdluence the dispersion of platoons of
vehicles. Critical overtaking manoeuvres are numerdVith a 2+1 cross section, both
traffic flows are separated and critical situatitimsrefore rarely occur.
The introduction of a safety barrier in an existgiggle carriageway with 4 lanes results in
a slightly lower speed, but has no negative efbectraffic flow.
The safety barrier in an existing single carriagewdih 4 lanes, where the left-hand lane is
narrowed from 3.50 m to 3.00 m, gave a similar ltedlegative effects on the traffic flow
could not be established.
It was impossible to make any general statementseraing the capacity of the specific
cross sections studied on the grounds of the ictieraobserved between traffic volume

and speeds. The traffic volume at the test locativas determined by the adjacent road
links with the ‘old’ cross sections.

Figure 14: Design of cross section with 2+1 lanes in Germany

A solution was sought in Germany for the problemssimgle carriageways with a cross section
with 3 lanes, where the central lane is allocatttraatively to one of the two driving directions
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(2+1 lanes, figure 14). As said before, this peofd almost twice as safe at a maximum speed of
100 km/hr compared to a traditional single carrneaye with two lanes.

In many Central and East-European countries thehwatithe pavement is approximately 12.50
m (figure 15). The width of the hard shoulders v&ifepractice between 1.50 m and 2.50 m.

0,15 0,10 0,15
3 e

Figure 15: Cross section of many national and regi@l roads in East Europe (single carriageway with vde
edge strip)

With this cross section all traffic is (necessgrihermitted, even often the slow (agricultural)
traffic. This causes problems in respect of the l{taf) traffic flow and road safety. A
solution with 2+1 lanes (figure 14) can be introeldiaelatively easily in situations with the
cross section according to figure 15. In the ce®ion according to figure 15, multiple use is
made of the hard shoulders for overtaking manoeauvtés quite common for 3 and sometimes
even 4 vehicles to be alongside each other in thescsection. In The Netherlands hard
shoulders (emergency lanes) are only constructeshdédorways.

Design of roadside

The shoulders are an integral part of the roadgdeand have also a function related to road
safety and traffic flow:

preventing broken down or stationary vehicles ftdotking the lane;

providing correction space for run off road vehicle

With many run off road accidents only one vehislénvolved, (single-vehicle accidents);
fixed object accidents: accidents where the vehiolédes with a fixed object, any object
fixed in the ground, such as signposts, light paststrees;
single vehicle accidents: accidents where them® isollision with another road user or with
a fixed object, such as vehicles that end up irdited or roll off the side slope.

The proportion of registered run off road accidemissingle carriageways outside built-up area,
in relation to the total number of accidents orstheoads, is considerable, naturally, to reduce
run off road accidents, the best way is preventiagicles from leaving the travel lane. In
reducing the number of single-vehicle accidentgédlobjectives can be identified:

1. preventing drivers running off the road,;

2. when a driver runs off the road, minimise ttsk 0f accidents;
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3. reduce the severity of the accidents.

Table 4 is an overview of measures to increasesttiety of shoulders. The order is based
largely on the costs of measures. Protecting aavpidable) danger zone with a guardrail,
barrier or impact attenuator is the last resor aseasure. This applies to a far higher degree to
residential access roads than to the main roadamieb or impact attenuator is certainly a
relatively collision-friendly object, but always g&s a certain risk of injuries.

Table 4. Measures to reduce run off road accidents

N | Objective Nature of the measure

1 | Keep vehicles from | a | Enforcing the speed limit or reducing the maximspaed.
encroaching on the b | Constructing a profiled, acoustic edge line.
roadside c Widening the edge strip at the cost of the laitth

d Constructing a semi-paved edge strip whergathement
is relatively narrow.

e Applying a profiled road surface (‘rumble s&jpin the

________ edgestrip. .
f Installing or improving guidance by means ofrkiags,

________ particularly with relatively sharp horizontal cusve
g Improving the horizontal alignment and/or thaper

________ elevation. .
h Improving the skid resistant of the pavement.

2 | Minimize the risk of a Ensuring that the shoulder connects to the pavieatghe
crashing into a objector | samelevel.
overturning if the b Improving the load-bearing capacity and skidstasice of]
vehicle travels beyond the shoulder surface (semi paved) in the emergency.

the edge of the shouldef ¢ Widening the shoulder to a minimum of the widththe
emergency zone, but if possible to the width ofdhstacle
________ free zome.

d Removing or relocating obstacles outside thergency
zone, but preferably outside the obstacle-free zone

e Constructing less steep and rounded off smjees|
3 | Reduce the severity ph Improving the design of the roadside hardwaremieans
thecrash | | of collision-proof supports.
b Installing guardrails, barriers or crash cuskjowhere

collision with facilities constitutes less of a kighan

driving into the danger zone.

Design of shoulders

When a vehicle runs off the road, the outcome ddpemeatly on the design of the shoulder.
The driver must be presented with the most advaoiag situation (obstacle-free zone) to get
the vehicle safely under control. Vehicles run tfé road to both the left and the right.
Frequently drivers first swerve out of the traxaaié, slightly to the right, and then, due to over
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steering, cause a frontal collision with trafficwiog from the other direction or go off the road
to the left.

To provide optimum benefit from the obstacle-frame, the construction of the emergency
zone has to fulfil a number of requirements. Dsvetho have to make an emergency stop or
who run off the road for some reason must be ablering their vehicle safely to a halt in the
shoulder and/or return safely to the road. Thetgafequirements for the construction of the
shoulder are:

1. the shoulder surface has to connect to the paweat approximately the same level;

2. the shoulder has sufficient load-bearing capaespecially in the emergency zone and lay-
by, but also in the obstacle free zone;

the shoulder surface offers sufficient skidsesice;

the super elevation is not too steep;

the management and maintenance of the roadhandder to be routine and simple;

the appearance of the shoulder has to be ‘green’

o0k w

Figure 16 shows the proportion of accidents invajvcollision with trees relevant to the total
number of accidents for single-lane national higysyadepending on the distance from the
pavement of trees. According to figure 17, 10 t&ol& these accidents still occur at a distance
of 6 m. It should be remembered that tree accidartggenerally very serious. The greater the
obstacle distance, the smaller is the risk of sidli. Objects within the obstacle free zone
constitute a danger zone. Possible measures, @n ofgbriority, are:
- removing or relocating the objects by placing trmutside the obstacle free zone;
replacing the support of the obstacle with a dollisfriendly support giving them a
breakable or slide construction;
placing the obstacles as close to each other ashb®sand protecting these danger zones
with, for example, a safety barrier.
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Figure 16: Proportion of tree accidents of the totenumber of accidents
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The following design elements are important foriting the risks to drivers and passengers:
the edge strip;
the emergency zone and lay-by;
the obstacle free zone.

Edge strip
The objective of the edge strip is to offer drivgmod facilities for correcting (slight) course
deviations. The frequency of slight course
deviations, where the vehicle goes sligh{ﬁy
over the edge line, is high and depends on the
width of the lane and the speed. The width |of
the edge strip is normally 0,30 to 0,60 m. To
reduce the number of accidents where the far
runs off the road, it is better to opt for ja
relatively wide edge strip than for a relatively
wide travel lane. On the other hand, the edge
strip should not be too wide thus encouragi
(illegal) overtaking manoeuvres.

Rumble strips within the edge strif

In the US, it is proven that tiredness, inattentidrowsiness and distraction also contribute
significantly to causing run off road accidentsofportion 40% to 60%). The recommendation is
to construct the edge strip in addition to the edgzin such a way that it ‘guides’ and ‘warns’

the drivers. Options include the colour and textafahe road surface and applying rumble
strips (see example). This recommendation partilubgoplies to long, straight road links and

locations with monotonous landscape surrounding.

Emergency zone

Through roads and distributor roads fulfil an impot network function. To guarantee the
traffic flow, there has to be space next to the
road for vehicles stranded due to breakdown
or accidents to park away from the traffic
flow. Drivers of passenger cars will avoid
the shoulder if it looks unreliable with regard
to evenness and load-bearing capacity.
Furthermore, pedestrians (passengers) can
wait for the emergency services relatively
safely in the emergency zone. The zone is
measured from the inside of the edge line, at
2.00 to 2.50 m, and constitutes part of the
obstacle free zone. The load-bearing
Stabilized or semi-hard shoulder capacity of the emergency zone deserves
attention for two reasons:

the emergency zone or lay-by is part of the obstfrele zone, where most vehicles that run
off the road end up;

drivers will only ‘park’ their vehicles here if thghoulder surface connects to the pavement
approximately at the same level and is reliablieeims of load-bearing capacity.
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The emergency zone should preferably be stabilidestabilised shoulder or semi-paved (see
example) has a positive effect on preventing runradd accidents. For road safety and road
management reasons (shoulder damage), with themmaiewidth less than 7.00 m, it is
particularly important to stabilise the shoulder.

Obstacle-free zone
The design of the shoulder determines tg=
large extent the risk of run off roa
accident. This risk depends primarily on the
width of the obstacle free zone. The widgr
the clear zone, the safer it will be. If the
shoulder is well designed, the driver who
runs off road should have the opportunity to
stop reasonably safely or regain control [of
the vehicle and return to the road. The
consequences of such incidents, howeer,
depend highly on:
- the object distance;
the load-bearing capacity and frictio
coefficient of the shoulder;
the mass and nature of the fixed objects;
the shoulder geometry.

Distributor road: obstacle free zone

The width of the obstacle-free zone should be gktvéhe distance within which the majority
of run off vehicles could to rest on flat weighteporting (grass) shoulders without obstacles or
could return to the carriageway. The best situatrsafety on e.g. a distributor road can be
achieved with an obstacle-free zone of approxirgdgeh.

Table 5: Width of obstacle free zones

Through road

Distributor road

Access road

(120 km/hr) (80 km/hr) (60 km/hr)
Optimum 13.00 m 6.00 m 2.50m
Minimum 10.00 m 450 m 1.50 m

At a speed of approximately 100 km/hr, 80% to 90%ehicles that run off road penetrate the
shoulder no further than approximately 10 m (t&leThe lower the speed, the less the driver
penetrates into the shoulder. For each 10 km/huatézh in speed a 1.5 m reduction in the
penetration distance can be applied. For distribrgads, the width of the obstacle free zone is
normally 6.00 m with a minimum of 4.50 m.

Embankment and cutting side slope

A gently embankment side slope with a gradient of (vertical : horizontal) or lower is
reasonably safe. Figure 17 shows the ratio betwleeraccident risk at a particular side slope
gradient and a side slope gradient of 1:7. This #multaneous estimation, which means that
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the influence of other circumstances, such asi¢gratilume, lane width and obstacle distance,

has also been taken into account.

On a embankment side slope, the risk of accidemeseases with steeper slopes. Based on
simulations, it has been established that the afskccidents on a steeply side slope (steeper
than 1:3) is great. This slope is always a dangeezand figure 17 indicates that the accident
risk is more than 35% higher than on a 1.7 sidpeslo

1.4

13 ™~

1,2 \\
o L \\
b=
g
s 1,0
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2
=
O

1:2 1:3 1:4 1:5 1:6 1.7

Slope

Figure 17: Ratio of single-vehicle accidents rateof a given side slope gradients versus a side slopk1:7 for
two lane rural roads

A slope within the obstacle-free zone should ttaeeflways be less steep than 1:3 (figure 18).
The rounding off of the side slope keeps the vehielcontact with the ground. The radius of
that rounding should be a minimum of 9.00 m. Theaer line and the toe line of embankment
side slopes should always be rounded off.

240 (opshoulder ~rown ‘

footshoulder

50

Figure 18: Design of embankment side slope

A cutting side slope has a more favourable effatttlte consequences of single-vehicle
accidents than an embankment side slope. Withngutside slopes, the vehicle remains
reasonably controllable, while the risk of turnioxger is relatively limited.
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2,40

Figure 19: Design of cutting side slope

Simulation research has shown that cutting sidpeslosteeper than 1:2 or side slopes not
rounded off at the foot should be treated as a elangne. The rounding off of the side slope
should be a minimum of 6.00 m radius, to preveatubhicle ploughing into the slope (figure

19).

Restraint systems

If a motorist travels into the roadside, the
probability of a crash occurring depends
upon the roadside features such as the
presence and location of fixed objects,
shoulder edge drop off, embankments,
ditches and trees. As said before, the
greater the obstacle distance, the smaller is
the risk of collision. Objects within the

obstacle free zone constitute a danger zone.

Possible measures, in order of priority, are:

removing or relocating the objects b
placing them outside the obstacle fr

Distributor road: guardrail protecting danger zones

Z0ne;

Distributor road: trees close to the carriageway

World Bank / Sustainable safe road design
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replacing the support of the obstacle with
a collision-friendly support giving them
a breakable or slide construction;

placing the obstacles as close to each
other as possible and protecting these
danger zones with, for example, a safety
barrier.

Installing guardrails, barriers or crash
cushions, where collision with facilities
constitutes less of a risk than driving into the
danger zone (e.g. ditch, trees, signposting).
The goal is reducing the severity of the crash.
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In general the following observations are made:
- safety barriers are a cost-effective way of
saving lives;
under typical impact conditions (i.e. impact
angles 25 deg), small and midsize cars
involved in guardrail crashes are usually
safely redirected with minimal injury to the
occupants;
impacts with concrete or steel barriers are
found to be more serious, even at moderate
impact angles.

A single European performance-based stand Wooden restraint system: integrated into th

is being developed to cover road restral_environment
systems (defined as safety barriers, transitioesninal and crash cushions). Most of the
standards has been ratified by the European Stamdfioth Committee (EN 1317).The
European Standards specifies requirements for rifgadt performance of safety restraint
systems including parapets. It defines performaclesses for different containment levels,
acceptance criteria for impact tests and test nakstho
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SUSTAINABLE SAFE ROAD DESIGN: JUNCTIONS

General requirements

A junction is a potential danger point in the raadwork. In the Netherlands, more than half the
accidents on single carriageways occur on at gpauktions. Safety measures at the junction
are often more cost effective than measures onlnolesl

A junction has to fulfil a number of general designuirements:

- recognisable if a limited number of junction forms are usedjthwuniform (main)
characteristics, then the road user will recogifigesituation as such more quickly and the
situation will comply with expectations.
visible a junction must be visible in time, conspicuoudd eclearly recognisable and
locatable as such. To see something from a disténoayst have at least a certain size to
which the road user’s attention and perceptionlmamirected. Contrast, colour, shape and
movement are important factors here. Finally, tifermation ‘signs’ need to be installed in
logical, clearly visible places in the field of \os.
overseeablewhen approaching a junction the road user musthieto oversee the junction
and part of the approaching roads and any traffithem, in time.
comprehensibtea junction is comprehensible to the road usernyperceptions of shape,
scope, signposting, marking and traffic regulatioas be interpreted quickly, correctly and
unambiguously on approach.
negotiable negotiability of a junction means that the vasalesign elements fit together
sufficiently smoothly. The elements themselves nalsd be easily negotiated.
balance a balanced junction structure means that thewuardesign elements (including the
approach roads) and the traffic measures must &orintegrated whole.
completeness junction is complete when the traffic at thie sif the junction can continue
on its way in all possible and intended directions.

In principle there are three basic forms of ‘atdg'aoad junction:
- roundabout (paragraph 5.2);
priority junction without traffic control systemd#pagraph 5.3);
priority junction with traffic control system (pageaph 5.4).

Roundabout

The roundabout is very suitable as a junction boflide and outside built-up areas and the
roundabout is currently the safest ‘at grade jumctiRoundabouts both promote the fluid flow
of traffic and have a strong speed-reducing effBaundabouts therefore make a substantial
contribution to road safety. In the view of roadesg capacity, clarity and uniformity, to name
a few, the traffic on the roundabout should alwagge the right of way.

The main safety advantages of roundabouts comgarether junction forms (with or without
traffic lights) are:
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The actual speed of the drivers both, with and auitiright of way, is (very) low. The lower
the driving speeds, the slighter the risk of (a&s)aconflicts or (injury) accidents.

On a traditional junction the number of potentiahftict points is multiple. On a roundabout
there is one conflict point for each adjoining road

A great deal of research has been conducted
into the safety of roundabouts (one lane on
the roundabout) in Europe. In the
Netherlands, where traditional junctions
have been converted into roundabouts, the
total number of recorded accidents has
dropped by almost 50%. The number of
victims outside urban areas has decreased
by as much as 85%. It has also been
concluded that the safety advantage of—
roundabout is long-term. Single lane roundabout

5.2.1 Capacity

The level of service of a roundabout is determibgdhe volume and processing capacity. The
capacity is the maximum number of vehicles thatlmamprocessed during a particular period of
time, regardless of the waiting time. The capacityaaoundabout is up to a certain point,

greater than that of a junction controlled by ifights (figures 20 and 21).

Figure 20: Average waiting time main road
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In figure 21 (main road) and figure 22 (minor roaitie average waiting time for a single-lane
roundabout is compared with a junction with traffghts by means of micro simulations. The
traffic volume in each direction is symmetrical, ilghthe different number of lanes at the
Junctlon controlled by traffic lights is taken in&zcount:

TRL 1+1 . traffic lights regulation, one lane magad, one lane minor road;

TRL 2+1 : traffic lights regulation, two lanes maoad, one lane minor road;
TRL 2+2 . traffic lights regulation, two lanes mawoad, two lanes minor road;
TRL 3+3 : traffic lights regulation, three lanes madad, three lanes minor road.

Figure 21: Average waiting time minor road

There are various methods available for assessapgoity in order to decide whether a
particular roundabout can be applied. An initist tis extremely global. Depending on that test,
more in depth methods can be utilised. In practcglobal test generally suffices. An in-depth
method is only recommended when solutions are ancle
To determine the capacity of the roundabout, tlievidng methods are available:

rules of thumb;

calculation rule;

macroscopic or microscopic calculation models.

Rules of thumb

A roundabout can usually be utilised if the sunthef approaching traffic flows is less than:
single lane roundabout, single lane entrances =it&t approximately, 25,000 veh/24 hr;
two-lane roundabout, single-lane entrances ang exapproximately 30,000 veh/24 hr;
two-lane roundabout, two-lane entrances and exitsapproximately 40,000 veh/24 hr.
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The values quoted only apply to situations wheszehare no cyclists or pedestrians or where
they have either no priority or free passage. Thie of thumb ignores differences in the

varying traffic volumes at different times of thay] origin and destination relationship and

traffic composition. Therefore it is also advisatdecarry out a control calculation based on the
conflict load.

Calculation rule

A roundabout can be seen as a series of conneejanclions. The capacity is reached when

the volume of flow on one of the approach roadsléntical to or greater than the capacity at

the conflict point with the entrance of a connegtioad. The capacity of an approach road is
seen here as a determinant quantity and comprisesdmponents:

- The exiting capacity: the maximum number of velsdleat can enter the roundabout without
conflicting traffic. The capacity depends on geametweather conditions and the
distribution of the traffic;

The conflict factor: this factor shows the redustia the exiting capacity due to (possible)
conflicting traffic.

pay
a
A
vay

Figure 22: Determining conflicting directions for the capacity of a single lane roundabout

The determining conflict is shown in figure 23 thetletters A and B. Obviously conflicting
traffic (C) means traffic turning right just befotee entrance of the roundabout. This right-
turning traffic influences the capacity. DriversVing the roundabout generally don't indicate,
and drivers waiting at the entrance then start wadnd if they are waiting longer than
necessary. This can be partly prevented by consiguet wide central island (and a more
spacious roundabout). The maximum conflict loadigaife 22):

single-lane roundabout, single-lane entrances &itsl e : 1,500 pve/hr;

two-lane roundabout, single-lane entrances and exit  : 1,800 pve/hr;

two-lane roundabout, two-lane entrances and exits : 2,100 to 2,400 pve/hr.

The conflict load is expressed in ‘pve’ (passengghicle equivalents). Not only do trucks and
buses have larger dimensions; these vehicles ats@ ft more slowly, which influences the
capacity. The ‘pve’ value for trucks and busses is:

truck or bus on the roundabout :2to 3 pve;

truck or bus on the entrance of the roundaboutto:8pve.
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The processing capacity of single-lane roundabowity single-lane approach roads without
cyclists with priority can be determined using fbemula below. Every connection should be
calculated individually using this formula.

A entrance™— 11500 B roundabout™ 0.3 xC exit

Acntrance = processing capacity of the entrance in pve/hr
1,500 = conflict load

Broundabout = volume on the roundabout in pve/hr

Ceyit = volume of the exit in pve/hr

Other models

For other basic forms of the roundabout there arevalidated methods enabling reliable
statements concerning traffic processing.

Assessments can best be estimated using the “Bealgllation method. This formula allows
you to calculate the capacity for both single amd-tane roundabouts with either single or two-
lane entrances. The method allows for obvious aiimfy traffic on the roundabout turning

right just before the entrance (C in figure 22).

Nomograms are produced using formula (figure 23fande 24) that enable assessment of the
traffic processing on an approach road. The follgwahould be noted in respect of these
nomograms:
- the nomograms have only been validated to a lingtednt;
two lines are drawn in the nomograms:
— the upper line shows the maximum quantity officghat can be processed regardless
of waiting times;
— the lower line shows the practical capacity, dasa a waiting time of traffic of a
maximum of 20 sec;
the volume of the entrance is plotted on the valtis (pve/hr) (A on figure 22);
the volume on the roundabout is plotted on theZootal axis, including a proportion
(approx. 30%) of the volume at the exit of the samenection. (B + 0.3C on figure 22);
in the case of a bypass (e.g free turning right)dhe volume of traffic using the bypass is
subtracted from the volume on the entrance;
at roundabouts with cyclists or pedestrians, tieeerefuge with sufficient space to cross in
two stages.

The following two conclusions can be drawn from tlaéculations:

- A two-lane roundabout with single-lane entranceferef a higher capacity to enter in
comparison to a single-lane roundabout with a marinof 400 pve/hr. Determine whether
the single-lane exits with a maximum capacity &0D, pve/hr can process the volume. The
capacity difference decreases proportionately ie #vent of lower volumes on the
roundabout and, ultimately, this difference is nil.

A two-lane roundabout with two-lane entrances affer higher capacity to enter in
comparison to a two-lane roundabout with singleel@mtrances with a maximum of 800
pve/hr. This difference is reached at extremely lmmndabout volumes and decreases
proportionately to approximately 50 pve/hr in theemt of extremely high volumes on the
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roundabout. Here, too, determine whether the silagie exits with a maximum practical
capacity of 1,500 pve/hr can process the volume.

Figure 23: Nomogram capacity of a single-lane rourmbout with single-lane entrances (pedestrians no
priority)

Figure 24: Nomogram capacity on two-lane roundaboutvith two-lane entrances (pedestrians no priority)
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5.2.2 Design of roundabouts

Many road safety aspects play a role in the desigine roundabout. Important aspects are:

speed, uniformity, conspicuousness, visibility aacbgnisability.

- The road user must be informed of the approachhefroundabout in time. Consistent
signposting and markers can contribute.
The advance signposting, on which the roundaboatresady recognisably displayed, is a
clear signal of the approach of a roundabout.
To improve the conspicuousness of the roundabasiaitivisable to raise the central island.
It is not necessary for the approaching motoristete the oncoming traffic over the central
island. The diameter of the elevation must, howelersubstantially smaller than the entire
central island, to ensure the visibility of traffim the entrances. The height should be a
minimum of 1,10 m (eye level). The design of tHans should be collision-friendly.
Entrances should be connected to the roundaboutdzally as possible, therefore limiting
the entering speeds and supporting the prioritgstulThe entrance and exit radii should
therefore also be as small as possible.
In the case of connecting roads with a (very) wieleige (beneficial to the capacity) it is
advisable to increase the diameter of the roundatooprevent traffic that has to give way
from entering the roundabout at too high speed. t&J@B0 m, the outer radius of a
roundabout is of little influence on the speed Hratefore on road safety.
For through traffic it is important that the bendtat the roundabout is sufficiently wide. If
the connecting roads are not square to each dtier,there is the risk of increasing speeds
on the roundabout.
The design of any separate cycle paths should sugp® priority rules (no priority for
cyclists outside built-up area).

There are five design elements that determine digeut of the standard roundabout outside
built-up area:
- the outer and inner radius;

the lane width and the width of the circulatorytgeg

the entrance and exit curves;

the width of the entrance and exit;

the refuge in the connecting roads.

5.2.2.1 Single-lane roundabout

Figure 25 and table 6 show the standard dimendimnshe single lane roundabout and the
dimensions of the roundabout for vehicles withrgta of 22.00 and 27.00 m.

Outer radius

The outer radius is the distance from the centoititpof the roundabout to the outside of the
pavement. Any separate cycle facilities are out#iie pavement. The outer radius is therefore
directly relative to the space available for thetonised traffic.

Inner radius
The inner radius is the distance from the centahtpof the roundabout to the outside of the
central island, including the mountable apron. Theer radius therefore more or less
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determines the visual restriction of the entraremed the negotiability of the roundabout. The
inner radius has a major influence on speeds orotiedabout and therefore on road safety.

Figure 25: Single lane roundabout outside built-u@rea

Table 6: Overview of dimensions single-lane roundajut outside built-up area

Design element Standard Length of design vehicle
(m) 22.00 m 27.00 m
Outer radius (Rbu) 18.00 18.00 18.00
Inner radius (Rbi) 12.75 12.75 12.75
Lane width (B) 5.25 5.25 5.25
Overrun area 1.50 3.00 4.00
Entrance curve (Rt) 8'012.¢ 12.00 12.00
Exit curve (Ra) 12.00 15.06 15.00 15.00
Entrance width(Bt) 4.00 3.5¢ 4.00 4.00
Exit width (Ba) 456/ 4.0 4.50 4.50
Refuge width (Bm) 3.00 3.0p 3.00
Refuge length(Lm) 10-15 10-15 10-15

1y without refuge
2) with refuge
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Lane width
The difference between the outer and the inner mdhe lane width. The lane width must, on

one hand, be wide enough for the representativigrieghicle to pass and, on the other, not so
wide that it encourages excessive speeds.

Overrun area
The overrun area is a part of the centfal
island. The width depends on the design
vehicle and the combination of the
dimensions of the other design elemenfs.
Figure 26 shows the cross-section of the
roundabout. To keep the roundabout
compact, but negotiable for trucks, a overrin
area has been included. This overrun area is
in principle, only used by (large) trucks. Th
gradient is 1%, combined with a speci
transitional concrete element (maximum level défeze 0.08 m).

Lane and overrun area of a single lane roundabout

R26,00m

0,30 015 2-2,5%
e

carriageway roundabout

Figure 26: Cross-section of a single-lane roundabou

The standard dimensions quoted for the outer aneriradii should not be taken as absolute.
Larger roundabouts can also function quite satisfdg, as long as the dimensioning of the
other design elements corresponds. Figure 27 givgagphic of the relationship between outer
radius, inner radius and lane width.

!

125 13 14 15 16 17 18 19 20m.
L | | | | | | | Rbu
I ! ! ! ! ! ! \

65 7 8 9 10 1 12 13 14 15m.
L ! | \ ! | \ | Rbi
I ! ! ! ! ! ! \

6 55 5m.
| | B

Refuge or traffic island applicable

'«
%

Figure 27: Relations between outer radius, inner rdius and lane width for a single-lane roundabout
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Curves

Together with the width of the roundabout lane #mel width of the entrances and exits, the
curves determine the negotiability of the rounddlfou the representative design vehicle. In
general, it is preferable to make these radii aallsas possible. More generous radii need not,
however, necessarily lead to higher speeds whentiagigg the roundabout. In situations of

exceptional large vehicles it can be beneficiahstall a mountable apron next to the exit curve.

Width of entrances and exits
The widths of the entrances and exits has littl@a@minfluence on speeds when negotiating the
roundabout, but do affect:
- the negotiability of the roundabout for buses andks;
ease of crossing for cyclists and pedestriansn@nower the better);
the visual restriction of the entrance, togethethwhe diameter of the central island,
supporting the priority rules.

Refuge
Refuges or traffic islands can be installed [
the connecting roads for the following

reasons:
guiding the drivers between the entrance
and exit;
increasing the capacity of the round-
about;

ease of crossing the lane for cyclists apd
pedestrians;
positioning sign posting.

The use of refuges is directly related to tf Rrefuge with cyclist crossing
dimensions of the entrance and exit curv
and the radius of the central island. Refuges aedplrongly can cause negotiability problems
for trucks and busses. With small roundabouts,réfeges should therefore be omitted. The
advantage here is that a more flexible soluticrésted for heavy traffic.

In rural area the width of the refuge should praibéy be 3 m with a length of approximately 15
m. The head of the road marking should be set sk the side of the roundabout by
approximately 1 m to improve the roundabout’s niedpility.

Bypass

To increase capacity, one particular traffic floandoe directed alongside the roundabout. This
‘short-cut’ alongside the roundabout between twonezting roads is referred to as a bypass.
Figure 28 shows a representation of bypass forre.Bypass is only useful when the traffic
flow in question is sizeable. Only then is the diehfpoint on the entrance of the roundabout
alleviated. The bypass can cause problems when #nerparallel facilities alongside the road
(bicycle path, parallel road).
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The multiple-lane roundabout is less safe tharsthgle-lane roundabout due to:
the more complicated traffic situation on the roainolut;
the higher speeds as a result of the wider lanes.

Figure 28: Bypass alternatives

The two-lane roundabout can, nevertheless, belledtsafely, and, the two-lane roundabout is
safer than priority junctions with traffic lights dong as a number of aspects are kept in mind:
the entrances should be placed as radially ashpessi
a circular roundabout is preferable to an elliptrcaindabout;
both single and two-lane entrances can be accomeuida
the exits should, in principle, be single-lane teyent conflict situations on the roundabout.

The two-lane roundabout, with or without two-lamdrances and exits, should only be adopted
when the capacity of the single-lane roundaboinssfficient. This also has advantages when

Two-lane roundabout with bypass
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cyclists and pedestrians are crossing. When
seeking solutions for the capacity problem it
is advisable to progress through the following
steps:
- take measures to increase the capacity of
the single-lane roundabout, such as a
bypass. Single-lane roundabouts with
two-lane entrances and exits should not
be applied;
a two-lane roundabout with single lane
entrances and exits;
increase the capacity of the two-lane
roundabout by applying a bypass;
a two-lane roundabout with two-lane
entrances and single lane exits;
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a two-lane roundabout with two-lane entrances amdlane exits.

Dimensions of design elements

When dimensioning the various design elementsaheing principle should be applied:

- the dimensions of the lane widths at the entratiee roundabout and any exit should be
based on the requirement to two trucks driving lpera
the dimensions of the central island and the widtthe entrances and exits must be related
to a speed of 40-45 km/hr.

Figure 29 and table 7 give an overview of the desigteria, assuming a bend out for straight
on traffic at the roundabout, is based on the dsiters of the cross-section at the entrance, with
a refuge width of 2.50 m and a carriageway widtf7.60 m. The design of the central island is
in principle identical to that of the single-laneundabout. When applying a two-lane

roundabout, a median should always be applieddrctimnecting roads. With an outer radius of
29.00 m, an inner radius of 20.00 m, two laneshim éntrance and a median of 2.50 m the
passenger vehicles may negotiate the roundaboapmbximately 38 km/hr. The speed for

passenger vehicles should not exceed 40 to 45 km/hr

Figure 29: Two lane roundabout, two lane entrancesingle lane exit
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Dimensions (m)

Design element

Outer radius (Rbu) 20.00 25.00
Inner radius (Rbi) 10.00 16.00
Lane width (B) 10.00 9.00
Entrance curve (Rt) 12.00 12.00
Exit curve (Ra) 15.00 15.00
Entrance (single lane) 4.00/3%50 4.00/3.56
Exit (single lane) 4.50/4.60| 4.50/4.08
Entrance (two lane) lafe lané
Exit (two lane) lang lané

29.00
20.00
9.00
12.00
15.00
4.00/3.56
4.50/4.06
lané
lan€

33.5(
25.00
8.50
12.00
15.00
4.00/3.56
4.50/4.06
lané
lané

38.0(
30.00
8.00
12.00
15.00
4.00/3.56
4.50/4.06
lané
lané

) test the speed on the roundabout with these diines

%)
%)

depending on whether there is any heavy or eiaggdtlarge vehicle
the width depends on the width of the lanes eflithk road at the exit/entrance

The disadvantage of the multiple-lane roundabowhasvn in figure 30 is that a lot of weaving

conflicts arise between two successi
side roads. Any accidents arising fro
these conflicts are usually not serio
because of the limited speeds. T
capacity is, however, negatively affecte
by these conflicts. The disadvantages
respect of road safety and traffic flow c3
be prevented by prompting the choice

route before entering the roundabolt.

These conflicts no longer take place
the roundabout itself. This has led to tf

VT
m
Is
he
d
n
In
of

N
ne

development of the multiple-lang
roundabout with spiral markings. Figun
30 and figure 31 show two examples.

Weaving conflicts on two lane roundabout

Figure 30: Multilane roundabout ‘egg’
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Figure 31: Multilane roundabout ‘turbo’
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Priority junctions
Lay out priority junction

The prescribed marking of priority junctions wittaffic signs is usually not sufficient. The

design should also be such that the perceptioheoptiority corresponds with the priority rule

at the location. The design should clearly supgeatgriority rules and show which of the roads
is the main road and which the minor road. Thislamlone by providing a physical difference
between the two roads by, for example, applyinpag) median in the main road and a traffic
island or refuge in the minor road.

Before entering the junction, the traffic withoight of way must be provided with sufficient
visibility of the presence and speed of trafficthba main road. The visibility should be provided
at a minimum of 5.00 m back from the edge lineh&f imain road. The visibility requirements
depends on:

the speed of traffic on the main road,;

the critical gap drivers without right of way needexecute the proposed manoeuvre (right

turn, straight on or left turn).

When the critical gap is 6 sec and the 85% spedti@main road is for instance 90 km/hr, the
minimum visibility requirement is 150 m.

Design
A standard priority junction (without traffic ligh} in a distributor road should have at least the
following design elements (figure 32):

maximum of one lane per direction;

separate left-turn lane;

traffic island(s).

------- rs

—_ e e e e e e e e e ——m e mm— -y

I \ /7
[ \ m /
It I

Figure 32: Standard priority junction with a narrow median (distributor road, single carriageway)

Priority junctions in accordance with figure 32 alibonly be applied in road type Il of the
distributor road. A narrow median is not a standdedign element of the junction. This design
element is, however, strongly recommended for wari@asons (see also right photo, page 55).
In figure 32 a raised plateau has been installethiénmain road directly before the junction to
reduce the speed (see also left photo, page 5%.ri&kes the main road easier to cross (road
safety). Initial experience is currently being gadrwith such plateaus in The Netherlands.
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Priority junction in distributor road Speed limit 50 km/hr, raised plateaus to reduce spes
(rural area) in distributor road (rural area)

5.3.2 Design elements

In addition to the various design parameters ofdiwss-section, priority junctions include the
following (specific) design elements:

on the main road:

— the through-traffic lane;

— the median;

— the separate left-turn lane;

on the minor road:

— the (through-traffic) lane;

— the traffic island;

— the entrance and exit curve.

In general the most compact junction is the safasthe Netherlands, nowadays, the aim is to
make the junctions as compact as possible. Thertotaber of lanes is in some cases reduced.

Compact junctions by reducing number of lanes (lovcost measures)

5.3.2.1 Number of through lanes
In the junction area, the cross section contingegely unchanged. At the location of the
junction a number of design elements are added;twdilow for turning movements. Priority
junctions without traffic lights should only be djggl in distributor road type Il. For road safety
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reasons it is not permitted to construct two lanesne or both directions at the location of the
junction. If to increase capacity measurgs
are needed, then a roundabout or a priofity
junction with traffic lights should be opted
for. In the latter case extra lanes can pe
built if necessary. Priority junctions in dual
carriageways must always be equippgd
with traffic lights.

Median

Narrow median
There can be several reasons for provid
a priority junction with a narrow medialt
(W|dth approximately 2.00 m between the pavements):
pedestrians, cyclists and, depending on the wialdg drivers of passenger vehicles can
cross in two stages, reducing the waiting time. édran is of high benefit for pedestrians;.
the visibility and recognizability of the junctias improved;
the illegal use of the left-turn lane by overtakisgphysically prevented. This is the case
only if the median physically closes off the laftit lane;
a median offers excellent possibilities for instagltraffic lights at a late stage;
road furniture can be installed where necessatlyanmedian;
with a median it is easier to install traffic calgimeasures.

Only one through lane at junction

In the event of crossing pedestrians and cyclistgdih of 3.00 m of the median is recom-
mended. The length of median is determined by ¢hgth of the separated left turn lane. It is
preferable to design the median so that the left-tane cannot be used as an overtaking lane.
The median should not be constructed higher th&7 On from the road surface when
kerbstones are used. These kerbstones should glyfdre bevelled at an angle of 45°. In the
Netherlands, a median at junctions without lefiitlames has a positive effect on road safety:

at T-junctions a median alone leads to a reducifospproximately 10% of the number of

accidents in relation to T junctions without a naadi

at four-branch junctions the reduction amountsstonach as approximately 60%.

The combination of left-turn lanes and mediansss [favourable. It should be mentioned here
that non-elevated medians are more advantageonsbeated medians. This relates to a lower
rate of single vehicle accidents.

Wide median

With wide medians (15 to 20 m), all drivers of tiegular vehicles can cross in two stages. The
capacity of priority junctions with a wide medias slightly higher than that of a junction
without a wide median. Practical experience anddact analyses have, however, taught us that
except at T-junctions the road safety at junctiwith the wide median is less. The wide median
may impedes the visibility and recognizability bétsecond carriageway that has to be crossed.
There is very often a cluster of give way accidentthe second carriageway.

World Bank / Sustainable safe road design 15 September 2005, versién
MV/SE2005.0903 -57 -



5.3.2.3

DHV Environment and Transportation

The design is also extremely unfavourable whemfdi¢rcontrol system is to be installed in the
future. To limit clearance times (wasted time), ampact a junction as possible is the ideal.
From safety considerations, priority junctions watkvide median are strongly advised against.

Left and right-turning lanes on main road

Separated left turn lane

With separate lanes for left-turning traffic (figuB3, table 8):
the left turn lane prevents blockage of the thretrgffic lane
the speed differences between through and turmafict remain limited, as some of the
speed reduction takes place in the left turn lane;
any waiting to allow oncoming traffic free passdgkes place alongside the through lane,
to avoid hindrance on the lane.

The necessity of left turn lanes on the main
road at priority junctions is far greater thgn
that of right turn lanes. Left turn lanes must
always be constructed on the national and
regional roads (distributor road type | and
type 1). In most cases, right-turn lanes are un-
necessary on the main road.
In the Netherlands, provision of separated
left-turn lanes on the main road at priority
junctions, compared with junctions without
left turn lanes, generally leads to an accident
reduction of: Left turn lane on distributor road
60% at three-branch junctions;
50% at four-branch junctions.

A left turn lane increases the junction area amdefore the crossing length for traffic coming

from the minor road. This negative effect is exteiynslight, however, in comparison to the

indicated positive effects.

The length of left-turn lanes should be restriciHuey primarily have the function of ‘streaming

space’ and are not intended as ramps on througts.rdde recommended dimension (figure 33
and table 8) is a compromise between reasonablyfortable exiting and braking and the

prevention of improper use. The width of the leiftrt lane is generally 0.25 m less than the
adjacent through lane, with a minimum of 2.50 nwisein the markings.
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Figure 33: Design of a left-turn lane on the mainoad

Table 8: Dimensions for left-turn lane on main road

Design speed Wy (m) L; (m) L, (m)
(km/hr)

100 2.75 40 95

80 2.60 35 65

60 2.50 35 35

The length of the left-turn lane ends or beginthattop end of the lane divider or conflict area.
Whenever the recommended length cannot be realisedalways better to construct shorter
left-turn lanes than to omit them entirely. Theethobjective is to allow left-turning traffic to
position itself alongside the lane for the throtigtific.

Right-turn lane on the main road

Right turning traffic continues moving at a reducgmted in many cases, and in practice, few
rear-end accidents occur. It is often not essetttiabnstruct a right turn lane.
In the case of right-turn lanes, the right-turntreffic obscures visibility. Drivers on the minor

Right turn lane closed off
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road have their visibility of vehicles on the
through traffic lane obscured for a period by
right-turning traffic. This time period is
within the critical time when vehicles are
waiting for a gap. The consequential give
way accidents are more serious than any
rear-end accidents occurring in the absence
of the right-turn lane. Evaluation research,
after removing right-turn lanes at priority
junctions on main roads in the Netherlands,
has show that road safety is improved
without a right-turn lane. Many right turn
lanes are now removed or blocked.
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5.3.2.4 Intersecting angle
It is essential for the axes of the two roads tapgroximately at right angles. The reasons are:
a symmetrical junction design;
improved negotiability of the junction;
improved visibility of through traffic from the mam road.

The intersecting angle should preferably be 90°glés between 80° and 120° are, however,
still acceptable. If the angle of a junction is #erathan 80° or larger than 120°, then the road
axis should be adjusted in such a way that theeabgiween the road axes is within the
indicated limits (figure 34).

r >70 ’

Figure 34: Intersecting angle between 80° and 120°

For through traffic the visibility of the junctiomgn approach, should be not less than the
stopping sight distance at the relevant designdspieeextreme case, the approach speed will
have to be controlled to the stopping sight distamging traffic calming measures.

5.3.2.5 Traffic island in minor road

For safe flow the traffic island fulfils a functidior the traffic on both the minor road and the
main road (figure 35). As a design element, aitrasland contributes to the improvement of a
junction’s conspicuousness. The functions of th#itrisland on the minor road are as follows:

- visual restriction of the end of the minor road tlse
drivers promptly adjusts their speed accordingly
when approaching the junction;
emphasis of the status of the side road and the giv
way rules at the junction;
guide the traffic to avoid any vehicles waiting thie
minor road obstructing the traffic turning off the
main road.

The functions of the traffic island on the main read:
increasing the driver awareness of the junctiontdue
the greater connecting width of the minor road and
the third dimension (elevation) of the island;

|
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directing turning traffic onto the minor road.

Traffic islands may only be applied in minor roadsa priority junction. The dimensions must
remain limited, as the traffic island should notdoafused with a median on the main road. The
manoeuvres of the design vehicle determine thditotand design of the front of the island.
Figure 35: Traffic island minor road

The front of the island must be no closer than 3rQreferably 4.00 m and no further than
5.00 m back from the edge line of the main roace ®nd must be elevated with height of
0.10 m above the road surface recommended. Thedistaust not constitute a dangerous
obstacle for the traffic on either the main roadher side road.

Number of lanes on minor road
Every means available should be used to suppogitteeway situation. Constructing a number
of lanes in the minor road alters the subordinagacter of this road, despite the traffic island.
At priority junctions (without a traffic lights) #re should be no more than one entry lane in
addition to the traffic island. An extra lane farning traffic may increase the capacity, but
accident statistics have shown a reduction of szdéty. The causes of higher accident risk are:
the strong reduction in the visually restrictindeef of the traffic island when approaching
the junction;
vehicles waiting in the lanes obscuring the cleawof traffic on the main road, when both
approaching and entering the junction from the mmoad.

If there is a significant proportion of right-tung traffic from the side road, the designer can
consider constructing a separate, short right tane. The disadvantage is that the vehicles
waiting to cross or turn left obscure right turnitogd user’s view when entering the junction.

Curve

Together with the width of the road pavement of itlitersecting roads, the dimension of the
exit and entrance curves determines the totaldfizke junction. As we established earlier, the
junction should be as compact as possible. This &ad tighter curves. The dimensions of the
curves depend on the design vehicle and the despeéd with which the turning manoeuvre
has to be executed.

The choice will always be a compromise, the sucoésghich depends largely on the driving
conduct of the road user. In practice, a radiu$Sofmetres has proved a good solution in most
cases. Larger radii should be avoided, due to thatie effect on driving conduct.

Priority junctions with traffic lights

It is only acceptable to install traffic lightsapriority junction when:
the waiting times for the subordinate traffic floa® unacceptably high;
other solutions, such as constructing a roundalgoutot offer a satisfactory solution;
road safety with either options is unacceptablethenunderstanding that the installation of
traffic lights can be expected to have a positi¥ect on road safety.

Application of traffic lights in single carriagewsyis, in principle, not recommended. The
application of a single or double-lane roundabsedar preferable, due to:

World Bank / Sustainable safe road design 15 September 2005, versién
MV/SE2005.0903 -61 -



DHV Environment and Transportation

road safety: the roundabout is approximately 60férdhan a priority junction with a traffic
control system;
the total waiting time: in the event of traffic vohe lower than the capacity the waiting time
at a roundabout is considerably shorter;
the capital costs (investment costs, managemens @w depreciation): the costs of a
roundabout are substantially lower.
The capacity of single and two lane roundabout$ wito lane entrances, and any bypasses,
may be insufficient for dual carriageways. If amdabout is not feasible for some reason, then
the priority junction in the regional access roaith 2 x 2 lanes will often need to be equipped
with traffic lights, regardless of the traffic vohe. Moreover, the system has to be operational
24 hours a day.

Great caution is urged in assessing the
effect of a traffic control system on road
safety. At priority junctions with traffic
lights the following types of accident
frequently occur:

- rear-end accidents due to varying
responses to the amber and red lights
accidents caused by drivers ignoring
red lights;
accidents as a result of conflicts in the
regulation (not conflict-free);

Speed limit 50 km/h, camera and raised plateau

The incidence of drivers ignoring red
lights can be reduced by, for example:
- providing sufficient capacity (preventing vehiclsem all queue cleared during ‘green’
period being ‘left over’);
limiting the speeds (maximum speed 50 or 70 kndhrapproach;
enforcement by means of speed and ‘red light' casjer
making the lights more visible.

Clear visibility of traffic lights is absolutely ssential to road safety on roads with high speeds.
Both the traffic lights and the meaning of the tighignals must be visible and clearly

recognisable under all weather conditions. Trdffjbts on roads with a maximum speed of 80
km/hr must therefore be visible from 200
before the stop line. Only then will the driver
have sufficient opportunity to react tp
stationary or braking vehicles. There shodld
therefore always be lights above the (through)
lanes. The visibility distance on the mingr
roads (maximum speed 60 km/hr) should pe
135 metres.

Traffic lights above each lane
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The following rules apply in the Netherlands fortetenining the number of lights and their
posmon above or next to the road:
for more than two lanes width, there must alwaysbkeast one light positioned above the
road
on distributor road (national and regional road®ré must always be at least one light
positioned above the road
where several lights are positioned above the road,light per lane must be positioned in
the middle of each lane;
where lanes for turning traffic are not regulatecaiconflict-free manner a light above the
relevant streaming lane is not sufficient. In pi@gtyou will have to consider whether a
third light can be placed to the left of the roadfor visibility reasons, above the left-turn
lane;
where right-turning traffic turns off before theghest positioned light, then a low light
should be installed for this traffic;
in a situation with two regulated junctions, onemnigdiately after the other, the signal control
at both junctions must be synchronised to minirttigerisk of a driver reacting to the signals
from the wrong traffic lights;
Outside urban area no two lights for two separatefyulated movements in one driving
direction may be positioned next to each othermm mast.

In principle, the design of a priority junction dovlled by traffic lights should correspond as
closely as possible with that of a junction withdraffic lights. After all, the system may be
intentionally or unintentionally out of order, inhich case the traffic flow must be able to
operate as safely as possible.
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SUSTAINABLE SAFE ROAD DESIGN: ALIGNMENT

Introduction

The alignment of a road is a three-dimensional lgeaitaining the geometrical elements
constituting the basic design of a road or a raatien. For design purpose the alignment is
split into horizontal and vertical alignments. Téhesign elements are straights, grades, curves
and transition curves. Coordination between thézbatal and vertical alignment is important
to achieve:

the desired function of the road,;

the road image and the environmental quality;

the uniformity and recognizability.

A proper alignment related to the design speedla@doute speed. The design speed is used to
determine other design parameters, such as sigflainde and the elements of the horizontal and
vertical alignment. Which speed to choose dependb® desired level of road safety and the
capacity of the road. Through the combination ofifegd velocity regime and a consistent
design, predictable traffic conditions are created.

Drivers base their choice of route mainly on timetineeded for a certain journey, the reliability
of the intended route and the driving comfort of ttoute. The route velocity is therefore an
important criterion for checking the quality of thetual capacity. The speed level is influenced
by the limitations in the cross section the alignine

Sight distance

Driving speed

Safe driving demands the capability of recognidiradfic situations and the ability to predict
the outcomes. The sight distance is an importararperer for road design. The definition of
sight distance is: the distance the driver can mlesie length of the road in front of him.

The sight distance is strongly influenced by thigidg speed:
The necessary stopping sight distance is greatarantigher driving speed.
The perception angle (the area a driver can obseitt®ut moving the eyes) is narrower
with a higher driving speed.

The stopping distance is composed of the followiags:
The distance covered during the perception-readtimoe.
The distance covered while executing the necessations (breaking, steering and
adjusting).
The distance covered while recognising a certasigieelement, such as a curve or an
object.
The distance added for comfort or extra safety.
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Perception-reaction time

The perception-reaction time differs per individaalt is influenced by the characteristics of the
road and its surroundings. The expectations of theeidare important as well. Research has
revealed perception-reaction times from 0.7 secdodslearly expected, highly visible events
to about 3 seconds for unexpected events. The gavdirae is 2 seconds.

Apart from characteristics of the road (curvataedl traffic (volumes and behaviour), warning
signs, such as markings, beacons and signs raésatténtion of drivers. In these cases a
perception-reaction time of 1 second can be jestifi

Type of sight distance
The type of necessary action (maintaining coursgpéng, changing course) determines which
sight distance to allow for in the design:

visibility of the alignment ahead;

visibility of stationary traffic or an obstacle dogtream;

visibility of local discontinuities.

These sight distances are measured approximateffigdao the road axis. Sight distance in
road design is an integral matter. This meansdpatt from the alignment, other parts of the
design, junctions and cross sections also playla wihen determining the sight distance.
Allowing additional sight distances for reasongoimfort or extra safety depends on:
non-frequent events require a longer sight distance
the additional sight distance (safety margin) igda as the consequences of a emergency
reaction are more severe.

Critical sight distances
Critical sight distances may suggest a certain mawe, although the distance as such is
insufficient to carry out the manoeuvre safely.tiCai sight distances are to be avoided. Some
examples:
- extensive visibility on minor roads at the approdohjunctions, may lead to vehicles
crossing the give way lane at high speed;
the sight distance is almost sufficient to overtaléely, at locations where overtaking is
prohibited at the link.

Sight limiting objects

Objects which limit visibility should not be locatavithin the necessary sight distance. These
objects should be replaced, lowered or removedingles tree or lamp post will not directly
limit or hinder the sight distance.

Driving sight distance

Driving sight distance is defined as the visiblagth of the road required to perform driving in
a safe and comfortable manner. The relation betweging speed and driving sight is shown
in the table 9.
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Driving speed (km/hr) Sight distance Sight distance
(sec) (m)
60 8 135
80 9 200
100 10 280

The necessary sight distance to enter a horizootak in a comfortable manner is composed of
the perception-reaction distance and required mEtiog length of the curve (table 10). The
latter is the part of the curve the driver has &wcpive to recognise the curve as such. The
details of the sight distance are presented below.

Table 10: Sight distances approaching a curve

Driving Sight distance before Visible part of the Total sight distance
speed curve curve

(km/hr) sec m sec m sec m
100 2 55 3 85 5 140
80 1.75 40 3 65 4.75 105
60 1 20 2 35 3 50

Additionally while negotiating the curve, the dniveeeds to observe the road link ahead over a
sufficient length of road. Where signs and lightimgufficiently identify the location at a
junction in a curve, no objects which restrict bikty should be placed in the shoulders of the
road. If this cannot be avoided, the radius ofdimee should be increased.

A junction is a local discontinuity. Locating a juimn in a large horizontal curve has a
favourable effect on road safety. At these jundi@f % less accidents occur as compared to a
junction located in a straight. The reduction ie thumber of accidents with injuries is even
higher, at 30%.

Driving sight distance in vertical curves is di#fat for crest curves and for sag curves.
Provision of a crest curve based on the drivingtsitistance criteria, subject to the gradients of
the adjacent straight sections and the design
speed, results in very large vertical radii and
frequently to extensive earthworks for sections
of cuttings. A design based on driving sight
distance is therefore frequently net feasible or
economic and it may be necessary to base the
design on the requirements for stopping sight
distance, although this results in reduced
standards of road safety. A cost benefit analysis
(see Chapter 11) can help to decide which type
of sight distance to use.

Problems with sag curves may occur in tunnels
and under structures, especially for drivers of
lorries and buses (eye level 2.50 m). For sag
curves the combination of eye level, grade, heaomraand desired sight distance are
determinative for the radius of the sag curve.

Limited sight distance inside horizontal bend
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Visibility in sag curves is also restricted in nigtime conditions, where headlight beam
illumination is the critical factor.

6.2.2 Stopping sight distance

Stopping sight distance is the most fundamentahefsight distances, and must be provided at
every point along the road. Stopping sight distasdfe distance that a driver must be able to
see ahead along the road in order to identify luszimrthe road and bring his vehicle safely to a
stop when necessary. The following diagram (figug shows the stopping sight distance in

relation to driving speed and vertical grade.
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Figure 36: Stopping sight distance
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The stopping sight distance can be calculated thi#gHformula:

L..= prtv—°+ Yo g 1
stop 3,6 3,6 2g( fIg + p/lO()

Lstop = stopping sight distance (m);

Vo = design speed (km/h);

prt = perception-reaction time (s);

fiy =  skid resistance factor;

g = acceleration by gravitation (9,81 m)s
p = gradient (%).

Overtaking sight distance

At the start of an overtaking manoeuvre the ciitiaator is the ability of the driver to estimate
the length of the necessary gap in the approactiaffic flow. There is a critical area of
overtaking sight distance in the range related‘toree’ gap of 16 to 25 seconds. Table 11 gives
some figures on the overtaking sight distanceglition to the design speed.

Table 11: Overtaking sight distance

Design speed Distance too short Critical distances | Acceptable distance
(km/hr) (m) (m) (m)
100 450 450 — 700 > 700
80 350 350 - 500 > 500
60 270 270 - 350 > 350

In the sustainable safety design concept, overgaksnpreferably prohibited or even made
impossible (see Chapter 3).

Horizontal alignment

The horizontal alignment is composed of straigbtsyes and transition curves. Conditions on
these are determined by road safety, capacity ef rttad, driving comfort and vehicle
properties. Spatial elements covered in this chiagrts
- the straight;

the horizontal curve;

the sequence of straights and curves;

the transition curve;

the application of super elevation;

the road widening.
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Horizontal straight

Long straights in an alignment are to be avoidedr&ate a sufficiently varied image of the
road.
Also, in a combination of long horizontal and veati straights, visibility of the approaching
traffic flow is reduced. As a rule of thumb, theximum length of a straight (m) should be 20
times the design speed (km/hr). Other points are:
- short straights between two curves in the sametilireare aesthetically unattractive;
the desired length of a straight or a large radlioszontal curve is 500 m; this reduces
excessive speed maximum;
application of successive long and short straighdy lead to visual discontinuities in the
road alignment.

Horizontal curve

Application of curves enlivens the road image. Fég87 shows the minimum horizontal curve
for various design speeds. Centrifugal forces, rdéteed by the speed of the vehicle and the
radius of the curve, are partially neutralised bg tsuper elevation. This means that the
minimum radius is related to the applied superatien of the curve. The horizontal curve can
be calculated by the following formula.

2
VO

36 _ V5

R,? .
| |
fZ+rm)g 127 fZ+TOO

= radius of horizontal curve (m);
design speed (km/h);

= accelaration by gravitation (9,81 s
= skid resistance factor;

= super elevation

“ra g
1

Successive horizontal curves in the same dire@iennot desirable for aesthetic reasons. Also
combinations of horizontal curves in different diiens have limitations, as is shown in figure
38, and subsequent curves should have radii betiheetwo black areas. If, as an example R1
has a value of 300 m, then R2 should be betweem80d 500 m. Combinations falling in the
black area are acceptable but not ideal.
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Figure 38: Successive horizontal curves

Transition curves

Horizontal curves of through roads and distributtads are always preceded and followed by
transition curves. The definition of a transitiame is: the gradual transition between a straight
and a curve radius or between two curve radii. Timetions of the transition curve are:

to allow for a gradual rotation of the steering wheesulting in a gradual increase or

decrease of the centrifugal force;

to avoid kinks in the road image;

to create a length within which superelevation bargradually applied, between a straight

and a curve radius or between two curve radii giogjte direction;

to apply a gradually increasing or decreasing cwigkening.

The geometric form for the transition curve is tiethoid. This is a spiral with radius and
length inversely proportional to each other. Therfala is:

A2 =R*L

Where

L = distance from start of the transition,
R = radius to that point,

A = constant (based on desired speed).
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For reasons of visibility (curve detection) the ualof A should be as small as possible.
Therefore the limits are: 1/3.R A < R... (R. = radius of circular curve). Minimum values of A
are related to the design speed:

100 km/hr 207;
80 km/hr 117;
60 km/hr 76.

Super elevation

Super elevation is defined as the traverse graderass fall of the pavement surface in a
horizontal curve designed to counteract for thetriffegal forces at driving vehicles. In a
straight the standard cross fall is typically 2.5 @#ich is for drainage purposes. A single
carriageway pavement surface is normally cambgueshdn curves the camber shifts gradually
to a one sided sloping surface. The reason foratleigwo-fold:

to partially counteract the centrifugal forces;

to increase visibility in the curve.

The maximum desirable super elevation is 5 %. keptkonal cases it can be increased to 7 %
to provide more visibility in the curve. In combtian with the vertical grade, the maximum
spatial slope should not exceed 7 to 9 %. Whengihgrnfrom camber to super elevation the
rotating is first on the outside halve of the r@adund the centre line. Cross all and levels on
the inside halve of the road remain unchanged. Whencross fall along the whole cross
section of the road has reached the value of 2.&rbthe required super elevation is more, the
rotation continues but now around the left markamgthe inside lane. This assists in a proper
detection of the curve by the driver.

Vertical alignment

In a vertical alignment only straight grades andves are applied. The vertical alignment is

defined as the sequence of crest and sag cunadegmand horizontal straights. The sloped
straight is preferably only applied when large @ifince between the top of the crest and the
bottom of the sag curve occur.

Grades

Grades have influence on the capacity and theysafahe road. The desirable grade depends
on other road and traffic characteristics, suclthasdesign speed, the length of the grade, the
horizontal alignment, the location of junctionse tinaffic volumes and the composition (types
of vehicles). Maximum desirable grades relatednt design speed are presented in the table
below:

100 km/hr 1 4 to 5%;

80 km/hr : 510 6%;
60 km/hr : 710 12%.
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The grade and the grade length influence the trathaviour and the capacity of the road link.
Large differences in speed between lorries andrathfic should be avoided. Gradients should
not limit capacity. It is clear that in mountainoaseas this may be hard to achieve in many
cases.
For safety reasons differences in speed betweess tgp traffic should not be more than 20
km/hr; however, 30 km/hr in individual cases mayabeeptable.
To determine the maximum gradient for road linkewlhe level differences exceed 10 m, the
loss in speed by ascending lorries should be cersild For reasons of safety and capacity, the
decrease should not exceed 20 to 30 km/hr. Whesunesare necessary, the following options
are conceivable:
- reduce the grade percentage without providing ewidit lanes (and accept the extra cost of
earthworks);
add an extra lane (overpass lane) at the leftafitlee continuous (ascending) lane;
add an extra (climbing) lane at the right sidehef tontinuous lane.

The latter option is not desirable for road safetgisons. Lorries have to change lanes twice
which is often neglected. Furthermore, at the ehthe lane, the slow moving traffic has to
enter the lane at the left, merging with the fastewring traffic. In any of the two cases the extra
lane should be continued to a point where the diffee in speed in the lanes has reduced to an
acceptable value after the top of the crest.

Vertical crest curve

The vertical crest curve is applied to round off
the vertical intersection of two grades and
ideally curve length should be such that the
end of a crest curve is coincident with the start
of a sag curve. The geometric element iy a
circular radius. To dimension crest curves the
sight distance is a basic requirement. Some
figures on the sight distance (see also chapter
6.2) and the related crest curve radius are
presented below.

Crest curve: sight distance is normative

Table 12: Minimum crest curve (stopping sight distace)

Design speed | Stopping sight | Curve radius | Driving sight Curve radius
(km/hr) distance (m) (m) (m) (m)
100 161 5,570 280 12,500
80 105 2,500 200 6,500
60 64 950 135 3,000

In principle the curve radius related to the dryisight should be applied and curve radius
related to stopping sight distance is not adviseddasons of road safety. Table 12 can be used
to determine the crest curve radii for various sifjhtances and object heights. The same figure
can be used to prepare a new design as well aglibam existing design.
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The desired driving comfort (related to the acclelgtavertical acceleration and deceleration) is
not a normal consideration for the determinatiothef crest curve. Variations in vertical forces
remain far below the maximum values when the dgvsight or even the stopping sight
distance related crest curves are applied. For aaméasons the radii are, in relation to the
design speed:

80 km/hr: 1,000m;

60 km/hr: 550 m.

Vertical sag curve

The vertical sag curve is applied to round off thiersections of two vertical grades, but is
preferably directly connected to the vertical crestve. The geometric element is a circle
radius. To dimension sag curves the road imageksyaactor. Some figures on the minimum
sag curve radius is presented in table 13.

Table 13: Minimum vertical sag curve

Design speed R sag (m)
(km/hr) Comfort Minimum Ideal
100 1,500 11,150 25,000
80 1,000 5,000 13,000
60 550 1,900 6,000

The minimum values are two times the values fostcorirves related to the stopping sight
distance. To keep the view at the road approprihtetangent point between the sag and the
crest curve should be at a sufficiently high level.

Composed alignment

The spatial design of a road or road link is deteeth by the combination of horizontal and

vertical alignment and the cross section. The drpdeserves a constantly changing image,
which is further influenced by traffic signs, lighg, structures, landscape, vegetation and
buildings.

A high quality spatial design aims at emphasisitganonic, fluent and calm road image, with
additional elements (beacons, signs) provided dafglthe intended use of the road. Required
road equipment and furniture should improve thedgunce for drivers rather than misleading
them.

A road link cannot be studied or judged as a sirgjlment. The function and image of
preceding and subsequent links should always bentakto account. The following basic
elements can be distinguished:

the spatial straight;

the horizontal curve with constant grade;

the vertically curved, horizontal straight alignrtien
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the composite curve; this is a spatial element withadius in both the horizontal and
vertical planes.
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Figure 39: Minimum crest curve radii for various sight distances and object heights
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The spatial straight

The spatial straight isstraight in the horizontal alignment with a constangitudinal grade. It
has a number of disadvantages:
- The danger of being monotonous when applied ovey thstances;

Increased fatigue of the driver due to a fixed lgaokind and vision of distant object;

Poor visibility of vehicles ahead under high traffiolume conditions. This may possibly

lead to inadequate distances between subsequeotegeh
Connection of other elements to long straightsddadckinks in the view;
A short straight between curves gives the impressfa counter curve.

The horizontal curve with constant grade

The alignments curved horizontally and has a longitudinal sldpesitive qualities are:
It leads to an varied road image;
Large radius curves offer a good view of the road the traffic;
Large radius curves can easily be connected ta ethments of the alignment.

Lower values of radii in horizontal curves have fbidowing disadvantages:
- Junctions cannot be located in these curves;
Application of super elevation is required and idifft to apply, which may lead to
increased cost when drainage facilities have todmstructed;

Structures in the inner curve (guard rails, bastienoise reduction walls, obstacle

protections) may cause problems;
The capacity is influenced;

Driver appreciation the curve radius and the clength become difficult when the curve is

visible for a small part only.

The horizontal curve is a basic element for thelesign. Three classes of curves are
distinguished, each with its own field of use:

very large radii curves to be applied instead Hights;

mid range radii in normal sections of road;

tight curves in junctions (50 m < R < 1,000 m).

The vertically curved horizontal straight

The vertically curved straight consists of a homtab straight in combination with a sag or crest

curve. The straight with a sag curve is a spatehent with good forward visibility. Use of a

short sag curve in a horizontal straight may gigpearance of a kink, or should be avoided.

The sag curve may be applied in underpasses. ér offses a compound curve is preferred.

The horizontal straight in combination with a crestrve may limit forward visibility. The

required sight distance determines the value ofr#tbus. Visual discontinuities are not a
problem when applying this type of element. Thigetyof element can be applied in straight

sections. Due to the limited sight distance muake should be taken at transfigurations.
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The composite curve

A composite curve is created when combining a botal curve and a vertical curve. The

vertical curve can be sag or crest curve.

The sag-composite curve has very good sight geslitDther basic elements can be easily
connected. In case of a tight horizontal radiusciimye can be over-estimated by drivers, which

Composite of horizontal and vertical curves

15 September 2005, versibn
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may lead to dangerous situations. It is
therefore recommended to design the curve
with a larger radius than technically required.

The crest composite curve may restrict
forward visibility of the road. The crest
curve should not be combined with two
horizontal curves with opposite directions.
This type of element can be applied
anywhere if the sight distance requirements
are fulfilled. Curves of this type are
estimated by drivers, to be tighter than in
reality, making them therefore reasonably
safe elements.
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SUSTAINABLE SAFE ROAD DESIGN: LINEAR VILLAGES

Traffic calming

The Netherlands has a long history in the fieldngbrovements with regard to environmental
and road safety measures in (existing) residemtiahs. As in other countries, the massive
growth in car ownership and use means that mowbrieafic in the Netherlands has taken
increasingly dominant position. Activities typidal residential areas were crowded out, while
the urban dweller felt increasingly threatened tarized traffic and by high speeds.

During the seventies, an entirely different prifeipvas developed for residential areas in the
Netherlands: total integration of the differentnsport modes. The concept has also become
internationally known by the Dutch word ‘woonerfHgme Zone). Motorized traffic —
excluding transit and regional traffic — is acceptaut is subordinate to the other ‘woonerf’
users. In a ‘woonerf’ motorized traffic is permdteo drive at walking pace (5-8 km/hr).
Separate provisions for pedestrians (such as sldgware absent. All road users have the same
rights.

In 1976 the ‘woonerf achieved legal status. Theoawerf' concept has greatly influenced
thinking on the improvement of road safety
and environmental aspects in the
Netherlands. The ‘woonerf' led indeed to |a
substantial reduction in the number of injury
accidents. In some projects, injury accidents
reductions of about 70% were reported. Frgm
these first experiences we learned that two
features were essential: reducing driving
speeds and reducing transit traffic. From
accident studies it turned out that the

collision speed should remain below 3 Woonerf (home zone)
km/hr, because then the probability of =
serious injury will be minimal.

Since 1983, Dutch road authorities have been allestall a legal limit of 30 km/hr on roads or
in zones within built-up areas. Based on a recamney it could be concluded that about 50% of
the residential area (access roads inside thelquittrea) is part of ‘30 km/hr zones'. To guide
Dutch municipalities to design effective speed riestg and transit-traffic-preventing
measures, a handbook was developed. Recentlyfé eh the number of injury accidents has
been studied and it was determined that the numbajury accidents had dropped by more
than 25%.

Problems encountered linear villages

A linear village is that part of a (transit) roadhiah lies within a built-up area. The pressure of
the fast-growing amount of transit traffic meanstttan even larger part of the public
environment, within the built-up area is used f@affic flow. This large-scale layout, which is
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inconsistent with the small-scale nature of the oféshe village, turns the road into a dividing
element in the residential area and means the ur@amony is lost. The layout of the road does
not suit the character of the environment at alad®s within a built-up area often look just like th
road outside the built-up area, and in many cdwesdad is an asphalt road with a width of 7-12
metres or more, without any speed-reduction measorespecific provisions for crossing
pedestrians. Although the residential areas hagedspmits of 60 km/hr, 50 km/hr or 40 km/hr,
these speed limits are generally ignored as atrektie character of the road. The urban section
of the transit road is not only important for accés and from the built-up area, or the area
around it, but in many cases also for carrying digjance transit traffic. Within the built-up
area, there is not only housing alongside the a@mss link, but often also public buildings
with a ‘service’ function, and commercial propestie

In many countries the increase in cfr
ownership and car usage leads to ambitigus
road plans, including the construction of
motorways and constructing or widening
roads outside built-up areas. Within the buit-
up area of cities and villages, the road |is
extended or widened to become a transport
line. And even larger parts of the limited
public area are used for motorised traffic and,
after a period of time, the disadvantages |of
this car-led policy in relation to cross-towh
links start to manifest themselves:

demand for high operational speed f

transit traffic;

an unfavourable accident situation, with relagvierge numbers of accidents concerning

pedestrians, problems/conflicts for local trafficdespecially for vulnerable road users;

feelings of lack of safety amongst residents aukgtrians;

disruption of the residential, living and shoppemyironment;

barrier function of the road difficult to cross;

parked cars make a strong claim on the publicespac

Linear village, traffic and residential function

excessive levels of noise, vibration and
air pollution, bad social climate.

Through roads in built-up areas therefore are
a specific problem area — on the one hand the
problems largely pertain to road safety and
living conditions for neighbouring residents
and on the other hand to the flow of the
motorised transit traffic. The user of the
public space not only runs the risk of
becoming involved in a road accident, but the
speed, volumes and sheer volumes of the

motorised traffic induces feelings of being
unsafe.

Linear village: pedestrian crossin
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Motorised traffic, either moving or stationary, aly makes too great a claim on the available
public space. The main problem is the conflict kesw motor vehicles and vulnerable road
users (cyclist and pedestrians).

Problem analysis

The problem analysis should identify the followifsge Chapter 2):

Origin/cause: where (location) and when (time) do the problenasifiest themselves and
who (target group) experiences the greatest diffes? Which causes could
these problems be attributed to?

Goal/objective which objectives do we aim to meet with the solg?

The residential function of parts of the linearlagle is mainly determined by the service
functions of the adjoining buildings and the desigal use of the surrounding area. The inven-
tory and analysis should therefore relate to therialationship between the lack of safety and:
the network function of the road and any discrenbetween the use of the road and the
intended network function;
the urban characteristics of the built-up areaytiael environment and the road design;
the characteristics of the road users (pedestceiist, car, bus and heavy vehicles) who
make use of the road either lengthways or crossways

Road safety
Assessment should start with an inventory and aiglyf registered road accidents and traffic
complaints. Although the absolute number of acdislem a cross-town link is sometimes too
limited for a systematic study, an accident analysee Annex 1) may nevertheless improve the
insight into the problems. During the analysis loé taccidents, the following points require
special attention:

junctions and pedestrian crossings or any roadossctvith concentrations of accidents;

accidents involving cyclists and pedestrians;

the various types of accidents.

Network function
The primary function of through roads, being thgioeal network, is providing access to and
from rural and residential area with a regionalgogater than local importance — national or
regional distributor road (see chapter 4). Wherhsaicoad runs through a built-up area this
often produces conflict, because the traffic fumetof the cross-town link is at odds with the
residential function. In principle, it is difficuib combine both functions, which means that a
bypass is often considered in such situations. dfass-town link forms part of a network of
access roads, a bypass is often not necessargh@pter 3)
The road user bases his choice of route predoniynamt

the travelling time required for the intended joey;

the reliability of the intended journey in ternfsti@velling time;

the comfort of driving on the route;

the road environment and the road design;

habits of the driver.
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Establishing qualitative differences between roashe basis of average speeds is an excellent
method to produce the required network planning. aherage speed, in the case of a cross-
town link is therefore an important criterion fessting the quality of the traffic flow in so far as
there is a through function. The flow on the crtmsn link can be disrupted by the lack of
provisions for pedestrians and cyclist in a lengthsv or crossways direction, by a heavy
exchange of local traffic at junctions, by car pagkand by any traffic calming measures.

When a study of a traffic structure shows thatehisran alternative route for transit traffic or
that drivers are taking short cuts using non-thhougads, supplementary studies may be
necessary in the form of a study of origin, desiomaor journey times.

Changes to the road infrastructure, in order touenghat motorised traffic behaves in a

‘suitably adjusted’ manner, may influence the choi¢ route. Undesirable route shifts should
be avoided by carefully selecting the objectived &y considering supplementary measures
elsewhere in the network of roads. Furthermore, ithierests of public transport and the

emergency services must also be taken into coratidar

Spatial quality

The spatial quality of many linear villages is paord the cross section is often wide and
uniform in favour of a good flow of motorised traff The residential area no longer has its own
‘identity’. The unique points are no longer recogbhig in the size, the materials, the public
lighting, and other street furniture. There is noder a difference between the town or village
centre and the rest of the cross-town link. By diag traffic to a bypass or by making the

traffic function subservient to the residential d¢tian there are opportunities for spatial quality
to be created (structures can be established torica elements emphasised).

The environmental quality makes a considerable ritmriton to living conditions. Its
importance increases when there is a concentrafi@ervice functions along the road. Good
urban planning allows for fewer traffic measuregins and boards, whilst road users still
display the required behaviour.

Nature and volumes of traffic
The volume of (transit) traffic means that the
problems on a cross-town link could haye
arisen for three reasons:
Social developments: there is a hist
rical situation. Autonomous growth an
internal and external traffic develop
ments have created a discrepancy
between function, form, and usage.
town planning: there are adverde
influences of expansions. The
implementation of an expansion plan
may have no or insufficient account of
the increase in traffic.

=5

To reduce excessive speeds is more important tt
to reduce high volume
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Bottlenecks in the network of roads: capacity peofid elsewhere mean the cross-town link

is used as a short cut.

The cross-town link provides access to and fromvili@ge and the network of roads and/or to
and from a village with a local or regional servifaaction. In relation to the village it therefore
usually relates transit traffic, which is typicairfcross-town links. The higher the share of
transit traffic or regional traffic, the greaterethocal problems and the more this aspect
contributes to the desirability of a bypass or niagd. This requires two caveats:
studies will have to show whether the share afditaraffic is sufficient warrant a bypass;
aring road is only effective when it is more attive in terms of journey time and comfort
for the target group than the redesigned cross-tmkn

Cyclists and pedestrians

The movements of cyclists and pedestrians areralated to coming from or going to service

buildings and residential neighbourhoods. Not eivikes
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attract equal amounts of pedestrians
and cyclists. A shop usually
attracts more pedestrians than a
health centre, whilst a primary
school generates more bicycles
than a leisure centre. They are
usually targeted movements, but
town or village centres with shops
could have ‘criss-cross’
movements. Therefore, at the
location of concentrated or
staggered crossings it is important
to have good insight into the origin
and destination of the pedestrians /
cyclists movement.

Figure 40: Typical speed patterns of cross-town liks (85-percentile value)

Residents (participation), parents of pupils artteousers of public environment have a great

deal of knowledge on the usual pedestrian and

cycle routes. These routes could run parallel to
cross-town links (longitudinal relationship) or sso
the cross-town link (transverse relationships)sit
important to realise planning relates to acty
pedestrian and cycle routes rather than des
routes. If pedestrians or cyclists need to take
detour, this harms the intended residential quality

Speed of motorised traffic
The speeds of motorised traffic have a gred
influence on safety than the volume of traffic a
the share of heavy traffic. The speed situation i
linear village largely depends on loc

ter

nd

na
|

Speed camera
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circumstances, but often shows the pattern repredém figure 40.

Radar speed measurements at representative pagytdhennecessary in order to substantiate
any complaints regarding excessive speeds. Furtrerrtackling speed behaviour is often one
of the most important objectives of the alteredgles

Road characteristics
A thorough study of the cross-town link by meansideos, photographs and drawings, should
be used to determine to what extent the layouhefrbad contributes to the lack of road safety
and the negative experiences of the public enviemtmOften the cross-town link plays a
dominant role as a transport line. Points of aibeninclude:
- the alignment and the cross section of the roaith datside and inside the built-up area;
the design of junctions and pedestrian crossings;
the presence and design of any car parks;
the situation of any exits;
the traffic signs;
any planting, public lighting and other street fture.

During this phase of the study,
attention should be paid to the
provisions for pedestrians, cyclists
and public transport. With respect to
pedestrians and cyclists it is
particularly important to have an
insight into the cycling and walking
routes. In terms of public transport it
is not only important to check whether
the routes and locations of the bus
stops could be optimised.

Goals

The problems in linear villages mainly concern tigective, subjective lack of road safety and
the poor traffic conditions. From this it is podsilbo derive the three main objectives regarding
the layout of the cross-town link. These objectiges general and could apply to any situation.
The main objectives must be detailed into operatigoals:
1. all normal types of use of the public environinehould be given the best possible
opportunities;
2. the new layout should contribute to a positiafety experience of the public environment:
a. the number and seriousness of the road acciskatsd be reduced;
b. the living conditions (noise and barrier effestipuld be improved,;
3. the destinations inside and outside the villagst remain accessible.
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Solutions
Ring road

The problem of transit roads through urban cemggaires an assessment of:
the required balance between living conditionsetsand access and whether this can be
achieved with a partially redesigned layout of éiésting cross-town link;
whether it is necessary or desirable to constrigipass or ring road.

For each specific road and traffic situation theigieer should check whether the regional
transit traffic should be given a bypass in ordecreate sufficient room for local activities — the
residential function. There is no clear answerahse it depends on the importance of the built-
up area and lack of safety, but also on the spatiality. Furthermore, the traffic to and from
the village sometimes forms such a large partetdial traffic that a bypass offers little help.

A redesigned layout of the cross-town link
is required immediately after the
construction of a bypass. In the most
favourable situation, the share of the
transit traffic will have been reduced to
zero and the layout of the public
environment should be focused on the
access function. In other situations, 70-
80% of traffic on the cross-town link may
be local traffic, and in such a case a bypass
is not useful and the layout of the link has
also to be changed.

Linear village, a ring road is considered

Tackling the urban section

The previous paragraphs have shoywn
four important findings:
1. The problems on the cross-town link
can be traced back to a conflict ¢
use of the public environment
between the motorised (transi
traffic on the one hand and all othg
potential uses of the publig
environment on the other.
2. Only when the network function of

the cross-town link has bee "
established. is it possible to tack Transition in function distributor road U access road

=

~

B
=

the redesign on the basis of thart
function. Initially this may require a thorough ptem analysis of the cross-town link:
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a. the road categories must be altered and eatieices of access road must be
reviewed fully or partially;

b. the problems can only be solved properly withagial bypass by means of existing
and/or new roads.

3. tackling and redesigning of cross-town linkgédy consists of:

a. locating and designing properly recognisablengka in road categories;

b. redesigning the remaining parts of the crossitdwk in line with their allocated
function.

One of the most important variables that affecfstgaand the living environment is the speed
limit — the lower, the better — whilst this varialilardly influence access and capacity.

The cross-town link is a road within the built-ugathat is often strongly focused on the traffic
function, whilst the environment requires a roadttls focused on the residential function.
Depending on regional and local circumstancesyiprionust be given to either the residential
or the traffic function and this requires a clew of the regional network of roads.

Figure 41: Determine the function of the urban sedbn

A town-cross link can usually be split into fivefdrent areas on the basis of the environment:
. access area: border of the village or town;

transitional area to the centre;

village or town centre;

a transitional area to the border;

exit area — border of the village or town.
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Both the traffic and the residential function pldbeir specific demands upon the layout of the
public environment. On the basis of the experieticess could be three situations in relation to
the choice that determines the layout objectives {gure 41):

A. The traffic function is given priority, and thresidential function is accommodated where
possible. Generally this will apply to cross-tovimkk that form part of distributor road and
where there are no alternatives for regional taffi

B. For a certain part of the cross-town link — #entre or social centre - the residential
function is given priority (access road), and theffic function (distributor road) is
accommodated where possible/necessarymany centres there is such a strong link
between the service function and the residentiattion that this must be given priority.

C. The residential function is given priority owie full length of the link (access road), and
the traffic function is accommodated where possildleessary. This option is considered
where there is a compact centre with a strong eesi@ function over the entire length of
the road.

As shown in figure 41 three aspects appear to bepkarly important:
the transition between the road categories, innthe centre boundary;
the required speed limit in conjunction with thadacategory;
provisions for pedestrians, lengthways or crossw&ys the provisions for pedestrians,
please refer to Chapter 8.

Local circumstances play an important role during tedesign of cross-town links. It is not
possible to give standard ‘designs’, but this mahaa given examples that may be used by the
‘design team’.

Border of built-up area

A built-up area is that part of the city or villagdere the buildings have a certain density and it
is identified with signs. The main
requirements for the centre boundary are:
the border of the built-up area is
characterised by consecutive
buildings alongside the road, with
such a size and density that the ropd
user notices a considerable differente
between the road environment inside
and outside the built-up area;
at the location of the border therne
must be a significant change in road
characteristics that the difference in
character of the road before and after
the border is emphasised as much| No changes in road characteristics
possible.

When these requirements are tested in practie@piears that not all borders comply. Too often,
the border is in uninhabited area, so it is nopssing that the driver ignores the speed limit. In
many countries this is the rule rather than theeption. The clearer it is that the road and the
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environment have the character of a built-up aesa the border, the lesser the need for specific
traffic calming measures and the greater the dsverderstanding.

When it is not possible to meet the requirementshfe centre boundary in relation to buildings,
it may be that the situation is not considered asili-up area, and therefore there is no cross-
town link. However, this does not mean that youncdntake any measures. Within the
framework of a comprehensive speed policy, trafitming measures could be implemented.

Border of village before reconstruction Border of village after reconstruction

The main requirements in terms of the location Eybut of borders of built-up area can be
determined from the perspective of the road user:
determine whether there is a built-up area:
- the distance from the buildings to the centrelifithe road is maximum 3x the height of
the adjoining buildings with a maximum of 25m;
- the length of the built-up area is at least 400m;
- for buildings on one side of the road the builddensity — building frontage related to
road length 3 50% anc® 30% for buildings on both sides;
determine the location of the border:
- preferably at a location where the different chimastics of the landscape join;
- take account of short-term spatial developments;
- try to support the border with new environmentareleteristics;
- ensure that the border, at the planned
location, is visible at the actudl
approach speeds.

The border forms a clear transition from
outside to inside the built-up area, where both
the environmental and road characteristics are
important. This applies for all circumstances
and in principle depends on the function pf
the road. The road user must adjust his
behaviour to the circumstances of the
residential, working or living environment
The degree of adjustment is determined

Border of built-up area and roundabout
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the function of the road and the residential fumcti

The speed behaviour and attitude of all road usedetermined by the total view of road and
environmental characteristics. With good coordoratit is possible to obtain the optimum

conditions in terms of clarity, recognition and eg@nce. Such a redesign of the public
environment is the only way to ensure compliandé speed limits at the border. Some effective
examples include:

consider replacing a cross roads junction

before the border by a roundabout;

realign lanes outwards on both sides, to
create an eye-shaped central island. The
centre boundary sign — seen from the
outside — is placed just before diverting
the lanes (figure 42).

Introduce bends that are suitable for a
speed of approximately 50 km/hr for
passenger cars. This measure reduces
speed for both incoming and outgoing
traffic. The unilateral bent road -

Border: distributor road bends outwards sometimes there is no option to bend

both lanes outward and there is only
room for an outward bend of the lane that entescintre. The disadvantage of this measure
is that outgoing traffic is not slowed down.

The ‘50 km/hr plateau’ — a raised crossing ared wlbpes designed to be crossed at a
maximum of 50 km/hr. Applying a plateau to the krdequires an introductory measure, for
instance a long, narrow median (figure 43).

axlies,
T \

Figure 42: Border of built-up area in conjunction with diversion of both lanes
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7
L

|
|

Figure 43: Border of built up area in conjunction with a long narrow island and a raised plateau

75.4 Measures in transitional area and centre

Raised plateau (junction) transitional are

The measures in the transitional area are
intended to maintain the speed levels. Whether
this requires local physical traffic calming
measures depends on the circumstances.
Preferably, you should strive towards a roadside
character that enforces speeds of 50 km/hr or
lower. It is important that traffic calming
measures are installed at junctions and
pedestrian crossings. This could involve
measures such as a refuge, a local narrowing of
the road or a raised plateau.

If there is a clear centre, where the residential
function must have priority, this must be well

signed. A lower speed level of for instance 30 kreltould be enforced. Some possible measures
are shown in the photographs below. For a diswitnatad, dual carriageway and locations with
(very) high volumes, controlled intersections caruked to create a system of coordinated

signalised intersections.

Access road: visual median in the centre of the \ége

Access road: refuge, raised plateau, pedestrian cssing
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Distributor road: ‘median’, parking bays, speed | Access road: square in the centre
camera

Access road: bike lanes, raised plateau Access road: long, raised plateau in centre of théllage
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SUSTAINABLE SAFE ROAD DESIGN: PEDESTRIAN CROSSING

The problem

While transportation used to be restricted mosilyravel on foot, growing availability of cars
(and bikes), greater time pressures and largeardiss have increased the car’'s share in the
modal split. Many countries are increasingly adpgstheir public environment to provide for
motorised traffic.

In daily traffic, many pedestrians using a pedeastigrossing will thank drivers who stop. It is
behaviour that is typical of crossing pedestridedestrians act subordinately to the other road
users in view of the massive differences in mapged and vulnerability. They therefore
deserve extra protection. The basic principle abtainable safety’ (see chapter 4) leaves no
doubt: avoid confrontations involving great diffeces in speed and direction and great
differences in mass and vulnerability.

Pedestrians are vulnerable participants in traffibe nature and scope of the risks these
participants run in traffic are considerable andwjng. While pedestrians cause hardly any

danger to themselves, they run major risks whesraating with other road users. The situation

will deteriorate, particularly for children, senioitizens and people with a disability due to the

growth of motorised traffic. Solutions to deal wighdestrian crossing movements are becoming
increasingly urgent.

A pedestrian-friendly policy aims not only at makitravel on foot possible, but also at
stimulating safety and attractiveness of pedestfeilities. Pedestrians face the biggest
problems when crossing roads. Pedestrians’ interestd to be constantly weighed up against
those of cyclists, drivers and public transportseagers, but should also take into account the
pedestrians’ vulnerable position.

Causes / origins

Pedestrians are unprotected and vulnerable paatitspn traffic. In a collision with a vehicle,
pedestrians are always the weakest party, runhiedpiggest chance of being injured or killed.
In a collision between a pedestrian and a car thenaes of the pedestrian surviving the
collision are:

95% involving a vehicle speed of 30 km/hr;

55% involving a vehicle speed of 50 km/hr;

15% involving a vehicle speed of 65 km/hr.

The vehicle speed is not only a key factor in these of accidents, but is also of considerable
influence on the outcome of the accident. Whils thia generalisation, it holds particularly true
for pedestrians crossing the road. Account musaken of the fact that, as a rule, the maximum
speed limit is exceeded by all motorised traffie. dlesigning the road infrastructure,
circumstances should be created which avoid coflisbf pedestrians with vehicles travelling at
a speed of over 30 km/hr.
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Defensive behaviour

Pedestrians are generally agile and nimble duehér fow mass and speed. If a conflict
threatens, the danger can be relatively easily tede(defensive and anticipating traffic
behaviour). Despite pedestrians’ defensive traffehaviour, the share of victims amongst
pedestrians is relatively high. Pedestrians’ deéfendehaviour may also have the opposite
effect, with drivers more or less assuming thategériians will simply wait or step out of the
way. The degree of defensive behaviour may vargidenably between individual pedestrians.
Children, elderly and people with a disability, fatample, behave much more defensively than
youngsters In addition, many pedestrians have kilityohandicap:
children have too little experience arid
find it difficult to assess (complex) traffig
situations. Moreover, they tend to ‘forget
traffic while playing in adjacent areas,
and many stray into the traffic lane;
elderly often walk slowly, respond slowg
and have increasing trouble assessing
complex situations;
people suffering a functional disabilit
(motor and/or sensory) experienge
additional problems, yet they have the
same movement needs and/or patterng Exit of school
other pedestrians.

=

Wheelchair users, or people who have difficulty kired, who are visually handicapped, deaf or
hard of hearing experience additional problems pRecarrying heavy luggage, senior citizens
with or without Zimmer frame, people with shoppimglleys, buggies or prams all experience
specific problems. The issue of pedestrian faedittherefore often requires a tailor-made
solution and not all public areas can be made aildesor useable for people with a mobility
restriction.

Walking routes

In considering whether to travel on foot or not thalking distance plays a role. Walking is an
excellent way of covering short distances. Pedasdrusually opt for the shortest route and are
virtually impossible to deter from their choicerolte. They will avoid using the shortest route
only if they expect serious hindrances or unsafeatibns or if the longer route lies in a
particularly attractive environment. By ensuringttihe shortest routes has safe and attractive
conditions, pedestrians (or pedestrian flows) maydncentrated. People who do not know the
area will use landmarks in choosing their routes.

The importance of a crossing facility should besidered not only from a quantitative point of
view (number of pedestrians, waiting times), bwoalrom a qualitative point of view. Of all
movements on foot, crossing carriageways genepadigent the biggest problem, involving the
most accidents. Wide, high-speed and/or high-intgnieads in particular present significant
barriers for pedestrians. Whether or not thesesangs of the road should be scattered or
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concentrated depends on the function of the roadjuestion, the local traffic and road
circumstances.

Objectives

Key objectives for pedestrians’ routes and crostdities for pedestrians are:

Road safetyThe more the pedestrian is separated in distantiene from the other traffic,
the safer the conditions. The speed of the mototisdfic is the main cause of feelings of
insecurity in pedestrians. Concentrated crossimgsracommended only in situations of
high-intensity traffic.

Social safety.Everybody must be able to move freely in the pugtiace. Social safety may
be enhanced by the overall quality of the surroogslidesign, furniture, public lighting).
Direct and short connectionBedestrians usually opt for the shortest routeasadvirtually
impossible to deter from their choice of route. Thaly only avoid the shortest route if they
expect serious nuisance or unsafe situations orldhger route lies in a particularly
attractive environment.

Sufficient freedom of movemenhe infrastructure of pedestrian routes in particulzowdd
have ample dimensions, both in length and widteean the peak hour use.

Clear and understandable situationgniform crossing points near junctions or ontsties

of road with an important traffic function in panilar should be recognisable, clear and
simple for both pedestrians and crossing traffic.

Environmental quality.A high quality environment is desirable from theim of
attractiveness and social safety. A walking rotiat runs through a park is much more
attractive than a route that runs along a busy.rdagvever, the attractive route may present
a social safety problem after dark.

Smooth and non-slippery surfack smooth and non-slippery walking surface is asae
for all pedestrians, particularly for people witmability restriction. Natural stone may be
extremely slippery in wet conditions for example.

Protection from the elementPedestrians tend to seek shelter from the elame&here
possible and will use roofs, awnings, facades andds for this purpose.

Road category and pedestrian facilities

There are three road categories (see Chapter 3)Hioh the following pedestrian facilities are
recommended, both along and across the road.

The following comments apply to table 14:

A split-level crossing should be used wherever p&i routes cross through roads.
Incidentally, there should be no roads with a flfmmction inside built-up areas. Through

roads should be entirely isolated and not form mdrthe built-up area (or should be

perceived as such).

In general, no physically separated pedestriaritfasi are required outside built-up areas
along distributor roads. Simple, separate facflittee desired for the few pedestrians that
need these.
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Table 14: Recommended pedestrian facilities and cssing solutions per road category

Road category

Inside built-up area

Outside built-uparea

Across the road

Through road)

Distributor road')

road?)

Residential accessseparated

split-level crossing

at-grade crossing
junctions and road
links

at-grade crossing
road links and
junctions

Along the Across the road
road
Forbidden splité crossing
&eparated at-grade crossing
split-level crossing

at junctions 2)

carriage at-grade crossing &

road links
junctions

and

or

t

1) please see comments!

?) split-level interchange for dual carriageways andfajor junctions

Within built-up areas footpaths or pavements alangess roads are required on either or
both sides, unless the spatial structure exclpddsstrians.
In principle, distributor road crossings in built-tareas should be located at or near
junctions. However, wherever an important pedestraute crosses a distributor road on a
particular road section, this crossing point masoabe denoted as a junction. This means
that well-established pedestrian crossings oniligtr road links are possible within built-

up areas.

Pavements or footpaths are required along resaleaticess roads in built-up areas for
reasons of objective and subjective safety. Crgspedestrians (routes), such as school
routes, require particular attention.

No specific pedestrian facilities are required @itlalong or across access roads outside

built-up areas, except for specific situations r@ational areas).

Pedestrian crossing movements

If a pedestrian wants to cross a carriageway, hedsieo assess the road and traffic

circumstances:

the time required to make the crossing which depemdhis walking speed and road width;

a usable gap in the traffic flow that is at leagtal to the estimated crossing time;
the risk that he is willing to take in crossing daging on the average waiting time.

The pedestrian crossing time is determined by tli#thwof the carriage way and the walking

speed of the ‘average’ pedestrian. The average mgalipeed of a pedestrian in good health is
1.5 m/sec or 5 km/hr. No other group of particiganttraffic, however, is more diverse than the
group of pedestrians. About 10% of all elderly pesswalk at speeds of less than 0.6 m/sec,

while about 10% of all youngsters walk faster tRahm/sec.

As situations become more complex, allowances nibgstmade for additional time for
observation, judgement and decision. This timeeases as vehicles drive faster than 50 km/hr.
Adult pedestrians often judge traffic situationsilehwalking, but children in particular will

stop at the edge of the pavement before startigig ¢hossing.
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Waiting time

The average waiting time is determined by the Jehigensity and the gap required, which is
related to the crossing length and the walking dpEer a good insight into the waiting times
(the average and range), these should be recotdld actual location. If the waiting time for a
suitable gap is too long, pedestrians get impatedtwill take extra risks. The averagaiting
time (W) qualification for crossing pedestriansét out below:

0<W b5sec : very good;
5<W 10sec : good;
10<W 15sec : moderate;
15<W 30 sec . poor;
W > 30 sec ' very poor.

In the event of an average waiting time of abouts&Bonds or more, pedestrian crossing
movement is compromised. The maximum waiting tirmeeated by pedestrians is about 30
seconds. At bus stops, schools, hospitals, offices factories pedestrians are often in a rush
(functional movements). Groups of pedestrians tdwad to form at such crossings often force a
gap in traffic by their sheer mass.

Pedestrian crossing points should generally meetnaber of requirements in the field of safety
and comfort. Safety issues particularly requiré:tha
- the crossing facility lies on the pedestrian’s tmat' walking route;
the speed of the motorised traffic approaching j@assing the crossing site does not exceed
50 km/hr (V85 -- 85-percentile speed motorisedfiicafpreferably approximately 30 km/hr;
the mutual line of sight between the pedestriarhinig to cross and the driver is clear and
protected;
the average waiting time for pedestrians does xe#ex 15 seconds with a maximum of 30
seconds;
the distance to the nearest crossing facility atritiutor roads is limited (75 to 125 m);
the combination of pavements, footpaths, pedestiiaas and crossing facilities should be
of a uniform nature and appearance, enabling pealesto move safely and directly.

Solutions

Along streets in built-up areas with houses
and buildings on both sides, clearly
recognisable and physically separated
pedestrian facilities are required on both sides
of the road. Where roads are lined with
buildings on just one side of the road, one
pedestrian facility will suffice on that side.
Road sections without buildings within builf
up areas may have a pedestrian faciljity
running alongside to make a direct connectipn
between a point of origin and destination.
A gradual transition ramp should be provid§ Footpath on both sides
between the pavement and the carriageway
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the crossing site or at the place where pedestri===
usually cross on (every corner of) a junction
roundabout . This transition should be wide enough
accommodate wheelchair users .20 m) and have &
gentle gradient (1 : 10). This gradient is also suitab
for use by pedestrians travelling with a zimmenfea a
shopping trolley or a pram.

Design of crossing facilities

cross the road. Measures to improve pedestriarsiogg ransition ramps wheelchair users
movements, both separately and in combination, ineay
grouped as follows:
infrastructure measures that simplify crossing:
- guaranteeing mutual line of vision;
- reducing the carriage way width on one or both sidg narrowing the lanes or
reducing the number of lanes;
the interruption of parking lanes by means of exigghprotrusions;
- the construction of a refuge;
speed limit control by the police and /or the apgdiion of speed-reducing facilities
such as raised crossings;
improving recognition of the crossing site by meafhgavement elements, flashing
traffic lights, traffic signs, markings and plargin
traffic measures (separation in time):
- pedestrian crossing site;
- crossing guard;
- traffic lights;
split level crossings (separation in space) by meda bridge or an underpass.

Sight distance

It is important that pedestrians who wish to
cross the road have a good sight of all
oncoming traffic. This sight must be
available about 2.00 m before the
carriageway to be crossed (figure 44).
Equally important is that drivers can see the
pedestrians, so that they can act if
pedestrians make an error of judgment. In
other words, mutual lines of sight should be
possible under all circumstances.

Figure 44: Sight distance
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The sight distance required is determined by tlheging time required, which in turn depends
on the pedestrian’s walking speed, the width ofdaeiageway to be crossed in one movement
and the speed of the oncoming traffic. This relaiop has been set out indicatively in table 15.
It is extremely difficult to estimate the speedvehicles approaching more or less head-on. It is

especially difficult for children and/or in the easf speeds more than 50 km/hr. The situations
below the dotted line in table 15 should be presént

Table 15: Sight distances required depending on pedtrian’s walking speed, crossing length and vehilspeed

Walking speed 1.0 m/sec Walking speed 1.5 m/sec

Speed Crossing length (m) Crossing length (m)

4 8 12 16 4 8 12] 16
40 km/hr (11.1 m/sec) 45 90 135 17% 30 60 90 120
60 km/hr (16.7 m/sec) 65 135 200 265 45 90 135 180
80 km/hr (22.2 m/sec) [ 175 264 355 60 1p0 175 240
100 km/hr (27.8 m/sec] 110 225 335 446 75 150 22595 P
120 km/hr (33.3 m/sec 135 265 40( 538 90 180 26555 B

Reducing the crossing length

Pedestrian crossing movements on roads with twesland two-way traffic are seriously
compromised when the carriageway is wider than TtD0n roads that are wider than the
minimum width, narrowing the carriage way shoultiatly be considered. Pedestrian crossing
movements may be improved by:

narrowing the carriageway and /or lanes while naanihg the number of lanes;

narrowing the carriageway by reducing the numbédanés.

Pedestrians experience great difficulties whensingsdual carriageways with 2x2-lanes. These
situations are very complex or threatening, paldidy for children and elderly persons. The
crossing site should in principle be provided watkraffic control system or, if possible, a split
level crossing. In extreme cases unsatisfactorgsimg sites may be obstructed physically.
Parked cars restrict not only the clear view betw#®e pedestrian and the driver, but also
increase the crossing length due to the parking.bBlye width of a parking bay, or of the cars
parked on the carriageway, should be includederotrerall crossing length (figure 45).

By expanding parking bays by some 2.00 m, the sigtguaranteed while pedestrians have
ample waiting room. The
protrusion should preferably
lie 030 m to 0.70 m
maximum in front of the
parked cars (Figure 46).
Protrusions may be used only,
if they do not present any
added risks to cyclists.

Figure 45: Reducing crossing lengths by protrusions
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8.4.3 Traffic calming

8.4.4

The speed of the motorised traffic is perhaps theameter that is easiest to influence in
securing a safe crossing. This involves not onlyvbleicle speed on approach to the crossing
point, but also the speed passing the site. In matwations of dissipated crossing, speed
restrictions are in fact the only measure availaiolesolve the problem. For this reason,
dissipated crossings are permitted on access ro@lgls Distributor roads have concentrated
crossing only.

Traffic calming by protrusions Traffic calming by raised plateau near bus stop

Traffic calming by raised plateau (shops) Traffic calming by convex ‘median’ and narrow lanes

Speed-reducing measures must be introduced foe tbessing sites (V85 < 50 km/hr). On
distributor roads (within built-up area) raised
junction provides a suitable speed-reducipg
facility.

Refuge

A refuge allows pedestrians to cross the road in
two stages, enabling them to look in only ophe
direction at a time. The volume and the
crossing length per crossing are more or lgss
halved, acceptable gaps occur more frequef™
(reducing waiting times). Refuges are mu{ Refuge inschoolroute
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appreciated by pedestrians as a way to improvenbgsing movements at distributors inside

built-up areas.

The refuge should have a width of at least 2 mfepably 3 m. Vertical signing and street

furniture can be created on the refuge.
These elements should not be so wide that
they would obstruct the sight between the
pedestrian and the driver.

When constructing a refuge, the two
crossings should preferably not be
positioned in a direct line, but be staggered
by a few metres (bayonet), forcing
pedestrians on the refuge to walk in the
opposite direction to the flow of traffic that

they are about to cross. Staggered crosg==
will not work properly unless pedestria] Staggered pedestrian crossir

barriers erected on refuge.

Crossing restrict to a minimum (Bulgarian) Dissipatd crossing (shops)

Dissipated crossing

Unlike distributor roads, dissipated crossing orcess roads is permitted. This can be
problematic on relatively busy residential accexssds. Combined with traffic calming, a long
refuge or a central reservation of at least 2.00ide offers an excellent crossing facility.

Give way crossings

There are three ways of reinforcing pedestriansingsfacilities, namely:

the pedestrian crossing (marking);
instructions from a traffic controller (crossing ndan);
the traffic lights
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8.5.1 Pedestrian crossing

Pedestrian crossings sites (road markings and)stgegermitted:

On roads in built-up areas where a maximum spee®0pf40 or 50 km/hr applies.
Maximum speeds of 50 km/hr generally require tcaffalming measures so that 85% of
the traffic will actually drive slower than 50 knn/h
On roads outside built-up areas, providing the aegghing speed of at least 85% of the
motorised vehicles is below 50 km/hr.

While regular use of the crossing site is prefefiedeasons of efficiency and acceptance,
it is impossible to give a minimum number of crogspedestrians for a particular time
unit.

Pedestrian crossings are not permitted on distiibrdads with a maximum speed of 50
km/hr and dual carriageways (2x2 lanes) in builiaupas.

Pedestrian crossing marking is not recommendedombiation with a traffic control
system.

In situations where traffic flow equals or excedd300 vehicles/hour (peak hour), the use
of a pedestrian crossing site combined with an aalkeqcentral island is recommended.

A high quality, at-grade solution for a crossinge sivithout traffic lights on a distributor road
link within built-up areas (Max = 50 km/hr) comprises the following design elemsent
pedestrians crossing site or marking (width 4 rmore);
a refuge of at least 2 m wide;
crossing length of 4.50 m per lane;
a traffic calming measure in the form of a raiséatgau with a passing speed of 30 to 50
km/hr;
the traffic sign ‘pedestrian crossing site’ abdve tarriageway;
high quality street lighting;
additional facilities for people with a mobilitystiction.

8.5.2 Crossing guards

Crossing guards or crossing wardens are
particularly effective during brief intervals
when (large) groups of pedestrians cross the
road (school route). While the use of
crossing warden is a safety measure,| it
should be regarded as a temporary measgure
in acute problem situations. After all,
responsibility for safe participation in traffi¢
does not lie with the volunteer, regardless |of
the fact that he or she trained as a cross
guards. Infrastructure measures are alws Crossing guards with manually operated barrier
preferred when solving crossing issues.
Crossing wardens may be used on school routeseinsidlt-up areas at crossing sites on
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distributor roads where a maximum speed of 50 kraffplies. The crossing sites should be
preferably near junctions with traffic lights or awxea clearly recognisable crossing site
(pedestrian crossing marking, refuge and speedetietufacilities). Crossing wardens may use
manually operated barriers. Since cyclists and mie@ae less inclined to stop, this facility is
particularly useful on cycle routes.

8.5.3 Traffic lights

Pedestrians (and cyclists) are usually| a
secondary consideration within the trafflc
light schemes in (complex) junctions. The
might have to wait a long time for the light
change to green, and may even be caught|out
when the lights turn back to red when they are
still crossing the road. Pedestrians often fipd
traffic lights irrational and will cross as soq| Linear village Poland: refuge, pedestrian crossin
as the opportunity presents itself, irrespecti traffic liahts

of the traffic light. To be certain they will be
able to cross at some point, they will press thigobuo demand a green phase. Ignoring the red
light is not only unsafe and an offence, but qoiiten also means that a requested green phase
will go unused. This is an issue particularly at
solitary crossings with a relative low intensity

of motorised traffic.

n <

Traffic lights may be required or desired:
for reasons of traffic processing and/or
motorised traffic road safety;
to (vastly) improve pedestrian and cyclist
crossing movements;
if there is not enough room to
accommodate a central island.

Junction with traffic lights

Traffic light controlled crossings on
distributor roads inside built-up areas afe
possible both on road links and on junctions|as
part of a general scheme. For a crossing sitg on
a road link the following preconditions apply:
- the traffic control system on the crossing
site must be supported by a central islahd
and preferably also a raised crossing;
volume crossing motorised traffic > 1,000
pve/peak hour;
frequent pedestrians (and cyclists);
85-percentile speed motorised traffic < 70
km/hr;
distance to junction > 50 m. Traffic lights near a bus stop
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At junctions and road links the installation is ogged at the pedestrian’s request. The green
phase, however, must be as long as the crossirgg diimormal walking speeds. Safety and
comfort depend particularly on:

the time to the next green phase (waiting time);

the time for vehicle queus to clear the crossitgfsom the start of the red phase;

a scheme with or without one or more conflicts kew different flows.

Split level crossings

As regards road safety, a pedestrian route thasesoa road (or railway) by means of a flyover
is always preferred. However, it will be used bylgstrians only if the split level crossing is as
attractive as the level crossing. The choice fdit &vel crossing for pedestrians (and cyclists)
is made based on an integral consideratjon
in which the following aspects play a role:
- increasing road safety for crossing
traffic by addressing the volumes arnd
speed of the motorised traffic on the
road to be crossed;
removing barriers at level solution
with major crossing lengths (split leve
crossings are strongly recommended pn
dual carriageways);
a reduction of psychological barriers;
the volumes and nature of the crossina

— )

pedestrians and cyclists and Footbridge (without elevator)
particular of specific groups such &s
school pupils.

Underpass or bridge
Split level crossings may be designed as:

a pedestrian underpass where the
infrastructure to be crossed is situated
on street level;

a pedestrian bridge where the
infrastructure to be crossed is on
street level;

the infrastructure to be crossed is
directed over the pedestrian route, at
street level by means of a flyover;

the infrastructure to be crossed is
directed below the pedestrian route by

Well-designed split level crossing for cyclists ar means of a underpass;
pedestrians
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an intermediate solution where one of the two stitactures is semi-sunk and the other one
raised, so that the differences in height are lthirdoth directions.
The choice for a pedestrian underpass or bridgased on a number of factors:

The difference in height to be bridged and the marin which this difference can be
bridged. The difference in height also depends enitfrastructure to be crossed (water,
railroad or road infrastructure). For example, lve ttase of a bridge across a road, the
vehicular headroom should be 4.20 m to 4.60 m. &dheom of 2.30 m to 2.50 m suffices
for a pedestrian tunnel.

As the height to be bridged increases, more padastwill avoid the facility for physical
reasons.

Architecturally underpasses impact less on therenment than a bridge. However, a
carefully designed bridge may also contribute pasliy to the overall image and act as a
landmark.

In the field of social safety a long, narrow undep may have (major) consequences and
even work claustrophobically.

Accidents in underpasses may have far-reachingecuesices for their users.

Cost considerations also play an important role.

To promote the effective use of a pedestrian tunondiridge, it needs to be accessible quickly,
safely and directly. The underpass or bridge shbal@a continuation of an existing or potential
pedestrian route. Design continuity is desiredrtnte recognition of the walking route. Clear
signposting may also contribute to its optimum use.

From the point of view of social safety underpassiesuld not be isolated from residential
areas. By integrating underpasses into resideatéds they are experienced less as anonymous
pieces of no-man’s land without social control. Thanel design also influences feelings of
(un)safety.

Narrow and/or dark underpasses or tunnels shouldawwided to prevent feelings of

claustrophobia or social unsafety. The main critarea
the minimum headroom for pedes
trians is 2.30 m. If cyclists use the
underpass, the minimum headrooml|is
2.50 m;
the width equals at least 1.5 times the
height;
the underpass should offer a clepr
view of the other side; straight
underpasses are preferred over
curved underpasses;
the use of sound-absorbing materig
is recommended for long
underpasses, as well as (natur
ventilation;
steep slopes and stairs at underpass
entrances should be avoided.

S

Bad social safety, claustrophobia
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Good (public) lighting is essential. The more tlatylight can enter, the more people will
experience the underpass as safe. For long undepbght domes, gaps or openings in the roof
will be constructed where possible. The use of bragthours also generates an effect of space
and openness. Also a gradual transition from daylig artificial light is required.
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CASE STUDIES IN DIFFERENT COUNTRIES

Case study: Poland

As

ummary of a case that Poland demonstrates, yibe of practical short and long-term

solutions and measures can improve road safety.nggnseveral other cases this junction was
analysed with local experts. Different solutiongevdeveloped and compared with the previous

plans to solve the problem of the junction.
The photo and figure 46 show the present
situation. Between 1994 and 1998 15
accidents occurred around the junction, of
which 12 were on the junction itself, with a
total of 30 injuries and 4 fatalities. Most
accidents were priority accidents, where
speeding played a major role. Although
many pedestrians and cyclists cross the road
n°73, none of them were involved in the
accidents.
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Figure 46: Present situation

The local Road Directorate proposed the followingasures to improve the junction (figure

47):

introduce additional left turn lanes on n°73;

use a median strip to separate the two directionsoad n°73, therefore the petrol station
would only be accessible from one direction;

construct an extra side-walk along road n°73;

place chain fences along the side walk, pedestréams only cross road n°73 on the
crossing;

place reflectors to emphasize road markings.

Discussions about the solution above resulteddrfadowing conclusions:

World

if extra lanes are introduced the crossing areddvoee much larger thus more dangerous;
the extra lanes for the left turn traffic are iredhy well designed, but are not really
necessary with regard to the type of accidentsrdech
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the priority situation will worsen for traffic comy from the road n°765 thus more

accidents;
the crossing length for pedestrians increasestantdrrier effect will also be stronger.

Figure 47: Solution of the local Road Authority

The following solutions were developed during tmairting and are results of discussion
between the local and Dutch experts. The minimulutisn (figure 48) contains the following

measures.
different division of the two lanes of road n°78¢k as the left turn becomes a separate lane

by changes in the road marking;
the crossing width remains the same, this improved safety.

[}
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Figure 48: Minimum solution (training)
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Figure 49: Improved solution
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Figure 49 shows a further improvement of the presimation:

- if the two directions are separated, illegal ovirtg over can be prevented;
pedestrians can cross road n°73 in two sectioer sifiation;
additional road markings on the crossing of roati&@rand n°765 emphasizes the priority
situation.

The previous two solutions still have one majoadisantage: the speed of motor vehicles along
road 73 will still be too high (even though thetsatis within an urban area). This is partly due
to the slope of road 73. The only possible wayettuce speeding is frequent police control.

Introducing a roundabout can also solve this prabland according to the discussion this
would be the optimal solution (figure 50). The gpder all directions is low, thus improving
road safety significantly.

-— Kielce Nr. 73

Figure 50: Optimal solution, roundabout

Case study: Latvia
Existing situation

Crossing of the state main road Al2 JekabpilszeRne — Russian border with intensive
secondary road P36 Rekne — Gulbene at grade.

Figure 51: Sketch of the current junction.
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The crossing is located on the top of vertical euand this hinders the visibility. This terrain
does not provide drivers with advanced recogniéibthe location and form of the junction. The
junction has no public lighting and this adds mdaeager in the hours of darkness.

As the inspections show, many vehicles park diyea#iar the junction in order to let passengers
in or out. Pedestrians use the shoulders to go fwrwother destinations.

Road A12, approaching the junction Road A12: near the junction

Secondary road P36 (yield) Secondary road P36 (stop)

Traffic and accident data

The present layout and traffic regulation are tl@nmmeasons for traffic accidents and therefore
the crossing is entered into the list of black sp@he total number of registered accidents is 7.
There were no recorded injuries of fatalities.

Total traffic volumes are (AADT):
section Jekabpils — junction with P36: 2200 (350tks);
section junction P36 — junction with A12: 2300 (40%cks).

Suggestions for solutions

The main road has the normal cross section of &laf 3.5 m width and hard shoulders at both
sides of 2 m. This implies that a vehicle that ubespaved shoulder can be overtaken easily,
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but that oncoming traffic has to shift to the righbo. Problems arise when vehicles are parked
on the hard shoulder.
The traffic volumes are (very) low, so it is nottessary to reconstruct the junction in the form
of a roundabout or to install traffic lights. A jeiion must be visible from an adequate distance,
conspicuous and clearly recognisable and locatablesuch. In this case opportunities to
improve the visibility are (figure 52):

main road: a left turn lane or/and a median (byafggaved shoulders);

minor road: traffic island.

To keep the cost of reconstruction to a minimum #&nrdreasons of low volumes and the
vertical curve, the proposal is to construct theliaxe in the main road and not the left turn lane.
In the future a left turn lane may also be necgskarreason of growing volumes.

Public lightning and a traffic sign, located on thedian and traffic islands, make the junction
perceptible from a longer distance. The proposed isighe round blue sign with a white arrow
pointing to the right bottom, coated by retro refiee material. Under the sign a yellow retro-
reflective strip is mounted.

PARKING

0 ? PARKING

Figure 52: Sketch of proposed reconstruction

Parking bays should be located just behind thetjomcThis reduces the disturbances of traffic
flows and avoids interruption of the sight linesrfr the minor road of the vehicles on the main
road.

Case study: Estonia
Current situation

The road link is located near by the city of Taihe road is single carriageway and with two
lanes per direction. There are local settlementsgalide the road on both sides. The junction
Térvandi-Ulenurme is located at km 190.6. A schisdocated at one side, which results in a
number of pedestrians crossing the main road.
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The traffic volume on the main road is 10,000 to00P vehicles daily (AADT, 2003). Local
turning traffic is heavy, especially at peak pesioBublic transport bus stops are located at the
main road and the minor road.

Main road: cross section Junction, main road

The municipality and the local school have comglalout the safety situation. The road link is
considered as a black spot (21 casualty accid&8€8-2003).

9.3.2 Reconstruction proposal

Figure 53 shows the proposal for reconstructiothefjunction by the Road administration. The
Positive to very positive factors in this desige #ne reduction of through lanes, the provision
of separated left turn lane and the refuges imthin road.

Figure 53: Proposal for reconstruction by the RoadAdministration.
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More or less negative aspects are:
The large radii between the main road and the mioad . The speed of turning traffic is
high. This is not safe for pedestrian crossing muomets.
Traffic calming is very favourable for pedestriamssing movements, but in this case a
limit of 50 km/hr has to be supported by traffidroang measures.
Two lanes (left turn lane and through lane) onrttieor road.

The design discussed in the training is givenguré 54. The design is as compact as possible.
Significant aspects are:
It is better to locate the pedestrian crossingr@eharking) on the main road at the left side
of the junction (school route);
Bus stops should be located just behind the junciitiis reduces the disturbances of traffic
flows and avoids restriction of the sight line frolne minor road.
It would be an advantage if footpaths could be transfor the school route.

Figure 54: Discussed design in the training

The traffic volumes on the main road are rathehhlgut the volume on the minor road is not
known. For reason of capacity (and safety) a robodaor a junction equipped with traffic
lights will be necessary in the near future.

9.4 Case study: Lithuania
9.4.1 Current situation

The case of Lithuanian is a linear village, withioaal through road A6 passing through the
village of Karmélava. Along both sides of the raa@ residences (living houses) and some
shops. There is a small airport near the village {gpire 55).
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The road A6 has dual carriageways (2x2 lanes) avitkry narrow median (see figure 56) and a
guardrail. This guardrail is provided with a hanbiraiavoid uncontrolled crossing movements
by pedestrians. There is a narrow footpath aloegsait of the A6 (1 m). Residents and visitors
regularly park cars on the gravel shoulders.

Figure 55: Map of Karmélava
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Figure 56: Cross section A6
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Figure 57a: Sketch of the current situation (contime next figure)
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Figure 57b: Sketch of the current layout

Border of Kamélava (black spot) U-turn (only passenger cars)

Handrail to avoid pedestrian crossing movements | Pedestrian (zebra) crossing

The known traffic data is:
7 accidents involving pedestrians with 3 fatali{i2800 — 2003);
traffic volumes:
- Kaunas — Kamélava : 12,600 veh/day;
- Kamélava - Zarasai : 7,500 veh/day;
speed limit: 50 km/hr.
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Proposed solutions

The main safety problem for the linear village Aéfhélava is the conflict between the traffic
or flow function and the residential function:

conflicts between through traffic and local traffic

conflicts between motor vehicles and vulnerablenesers (primarily pedestrians).

The cross section must be adapted to the (expetrsdfiy volume and the intended speed limit.
The traffic volume should dictate the number ofelarand the width of the lanes should be
decided by the design speed.
The (expected) traffic volume is less than 25,080/day, so a single carriageway, two-way
road, is more than sufficient. The conflict betwétes transit traffic and the local traffic and the
conflicts between motor vehicles and vulnerabledragers have to be solved. This can be
solved in two ways:

A6 has inside the built-up area an access fun¢tipeed limit 30 km/hr);

A6 has inside the built-up area a distributor firti{speed limit 50 km/hr).

Adopting the line of the distributor function, sk roads (access roads) on both sides are
necessary. In this way the conflict between throgtiic and local traffic is solved. The sketch
in figure 58 is based on the above way of thinkiRgmarks are:
- one way traffic proposed on the service roads;
side roads are connected to the service roadsratidsi manner the number of junctions
with the distributor road is reduced;
all at grade crossings of the distributor road &mel access roads, and the pedestrian
crossings, are equipped with traffic lights. Thedftc lights are coordinated (green wave) at
a maximum speed of approximately 50 km/hr.

‘ Pedestrial
‘ H crossing

Border o H
the village y

Border o
the village

Figure 58: Sketch of suggested solution

The sketch was made before the training and theisgpection. The inspections indicated that
the total space between the properties was liméad,wide median in the distributor road was
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not possible. During the training the proposed lidt the single carriageway was fixed at a
total 6.50 m:

lane width: 3.00 m;

crossable directiopeparation, indicated by two continuous lines (Or§0

kerbstones on both sides (separation of serviad) roa

The width of the service road is approximately 5neluding parking bays at the right side of
the road, and of course a footpath between thécgervad and the properties is necessary.
Case study: Bulgarian

Current situation

Road lll, 8641 between Smollan and Pamporovo israling mountain road. The horizontal

bends are sharp and often in combination with stepes. In these bends the speed limit is
usually 40 km/h and overtaking is prohibited. Of¢he sharp bends is near km 7,340.

Sharp bend, speed limit 40 km/h, overtaking forbiden Sharp bend and steep slope

The road is normal width of 7,00 m. Near km 7,346 horizontal bend (radius 25 m) is about
15.45 m in width (see figure 59).

Traffic data

The total traffic volume is about 1.710 vehicles gay:
passenger cars . 1400;
bus : 85;
heavy duty vehicles . 225.

The number of accidents near the bend is unknown.aCr-kilometer stretch of road, 16
accidents were recorded (2 injured persons). Tdeeiaspection yield the following results:
probable run off road accidents mostly in the dicecof Pamporovo;
against the background of the panorama the shamfidse bend is not recognizable;
insufficient information and guidance within thenble
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Figure 59: Sketch of the current design sharp ben& near km 7,340

Sharp bend, direction Pamporovo (summertime) Sharp bend, direction Smollan (summertime)
Sharp bend, direction Pamporovo (wintertime) Sharpbend, direction Smollan (wintertime)
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Proposed solution

The proposed solution is an upgrade of the cureaaamd guidance for the drivers. Of course
widening of the cross section in the bend is neogsdut a total width of about 8,50 m is
enough. The guidance of the drivers can be don&eblystones (height about 100 mm) and
vertical objects (figure 60). Examples of vertiobjects are given.

| 4 A
59 N

(T ]

Improved design Example of vertical objects (retreeflective)
Figure 60: proposed design of the curve

Case of Romania
Current situation

The road DN 1 is the main road linking Bucuresta \Brasov-Cluj and Oradea with the
Hungarian Border. The road is a European road (E6@he European road network, main
traffic on road is long distance and regional tcaff

Coming from Bucuresti the road has 4 lanes witlzpontedian in a general flat alignment. A few
kilometres after Campina the mountains start, inegal the road has a smaller cross section,
with only two lanes and sometimes an additionakldor climbing traffic on longitudinal
slopes. In contrast to towns and villages furtherthl Campina has a ringroad west on the
urban area thus the road doesn't cross througtotiye. The speed limit on the ring road is 100
km/h, unlike the other towns it passes through wttlee limit is lower.

Campina has three connections to this road:
Campina South at km 89;
At km 92,2 entrance to a customs office. The conoeds of minor importance; no left
turns admitted to and from the side road. In addjtthe connection is illegally used by
heavy duty vehicles travelling to the custom office
Campina North at km 95.
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Road DN1 (from footbridge) Footbridge, zebra and retaurants

The junction at km 92,2 is meant especially fofffitato and from the custom office for
registration of administrative documents. The juntiis often used by heavy trucks, despite not
being constructed for this type of traffic. Justitboof the junction there are restaurants on both
sides of the road (with car parks) and about 1G0 the North there is another restaurant/motel
facility on the east side of the road.

At km 92.5 there is a pedestrian crossing. Untilergly this was a zebra crossing, but a few
months ago a new footbridge was constructed. Tiseomly one pedestrian crossing between
km 89 and 95. There is no street lighting along Bt 1, except at the pedestrian crossing
where there is some basic lighting.

Traffic data
Average traffic volumes are estimated around 15v@0(cles a day.
The available data of road accidents for the ingaksection are very limited. Over a section of
two kilometres there are 20 accidents registeredperiod of five years:
only four of these accidents took place in dayligltthe majority occurs in darkness;
a concentration of accidents is registered at kn2 @2 the afore mentioned pedestrian
crossing. At this location 2 fatalities with pedests were registered and there were 7
seriously wounded persons in the same period. Dheibn accounts for 7 accidents out of
the total of 20.
the rest of the casualties is spread evenly throuigthe section, including 5 fatalities with

pedestrians.

Proposed solution

The percentage of accidents with pedestrians isiderable. Apparently this is due to the
stream of pedestrians from Campina to its suburbgion. A substantial amount of pedestrians
take the risk and use the grade crossing; insté#uedootbridge. The bridge takes more time
and energy than the at grade and the zebra crossatif) present. Furthermore, the supports of
the footbridge are “protected” by a large concigdteck. This means an unacceptable obstacle
close to the carriageway.
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No left turns are admitted to and from the sidedrdmut in practice the junction is illegally used
by heavy vehicles in both directions. The probleniws-fold: firstly the signposting to the
customs should be improved, secondly the desigheofunction should be improved to reduce
the number of conflict points. The entrance to e soad is too narrow for many of the trucks:

the right turn from main road is very difficult;

no lane to the left on the main road;

the left turn from side road is very difficult, ibdity to the left is limited.

While there is no separation between the spacheofdstaurants and the carriageway a lot of
the visitors / customers of the restaurants dousetthe parking lots in a proper way. Between
the carriageway and the premises of the restauedrieth sides of the DN 1 is no separation.
Many vehicles are parked all over the place andrjest to the traffic lanes of the DN 1.

Car park (restaurant and customhouse)

I barrie‘

Car park (restaurant and customhouse)

Figure 61: Sketch of the proposed design

Firstly, the pedestrian crossing including the vete traffic signs should be removed
completely (figure 61). Secondly, in order to preivélegal crossing of the carriageway a
physical separation (concrete or steel barriedath sides of the DN 1 should be installed. This
facility will also serve other goals:

the barrier will prevent illegal left turns to afrdm the side road to the customs;

the barrier will also prevent frontal collisionsthe DN 1;

the barrier will also prevent pedestrians cros#liregDN 1 at other places.

Thirdly, in order to ensure the footbridge is aciigle for all relevant road users, including
people with disabilities some additions to thisisture are recommended. Along the stairs of
the bridge a guiding construction has to be madebfoycles, enabling cyclists to take their
bicycles by the hand without any difficulty.

Finally the concrete obstacle of the supports efftdotbridge should be changed with improved
protection. This might be considered in combinatiath a separation of the space along the
road at the restaurants.

In the current situation, the side road to the @ustis an unacceptable junction. An initial idea
was to close the junction completely, which wouldam that the road users have to leave or to
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enter the DN 1 at the other remaining intersecti@isser investigation of this solution showed
that this would be impractical because there islastntial difference in level between the
customs station and the rest of Campina with aruitatde road network for heavy traffic.
Instead possibilities have to be studied to mowe ititersection to a point closer to the

restaurants. There seem to be some open spatés latation.

Case of Turkey

Current situation

One of the cases of Turkey is a junction at thel argama Kavsagi, Altinova — Bergama Ayr
— Zeytindag Ayr (km 70), with the main road (prigjits Cannakale — Izmir (see figure 62).

Figure 62: Current situation

Table 16 shows the traffic volumes on the main rddte total number of vehicles is about
7.000 vehicles/day. The number of heavy goods vehidd relative high. The accidents are

given in figure 63 (one year).

Table 16: Traffic volumes (veh/day) main road
Year Car Bus Heavy duty Total
vehicles
1998 3.780 480 2.540 6.935
1999 | 4080 | 460 | 2.250 | 6.945
2002 3.560 430 2.370 6.510
2003 4.845 480 2.660 7.095
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Figure 63: Collision diagram (6 accidents in one ya&)

Proposed solutions

Figures 64 to 68 show the proposals for reconstmicobf the junction by the Road
Administration. The first three designs are priojitpctions with different numbers of lanes. In
all solutions the design is significantly exceedgquirements. In normal situations the capacity
of a single carriageway, with two way traffic is 20 25.000 veh/day. The need of a dual
carriageway (two lanes each direction) can onlyjustified if the traffic volume increases
considerable in future. A two lane bypass (figuég i€ also considered as overdone.

Figure 64: Proposed solution, two lanes weaving d@m, one lane on bypass (alternative 1)
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Figure 65: Proposed solution, three lanes weavingetion, one lane on bypass (alternative 2)

ZMiR

Figure 66: Proposed solution, three lanes weavingstion, two lanes on bypass (alternative 3)
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Figure 67: Proposed solution, three lanes on round®ut, connections tangential linked up,
three lanes weaving section (alternative 4)

Figure 67 shows a large roundabout. The exchangmffit in this design is based on weaving
sections within the roundabout. Three remarks:

the differences in speeds are high due to largesadirves at the entry lanes;

the length of the weaving area is short;

the give way situation is unclear.

In the city of Amersfoort (The Netherlands) thera isoundabout quite similar to this design. In
this municipality this is the black spot with thiglhest number of accidents. Recently the one
connection of the roundabout was changed to a mademmdabout. The other connections will
be changed in the near future.

The alternative shown in figure 68 is the prefersetiition of the five alternatives. It is essential

that the axes of the approach roads are more srrégbal linked up to the roundabout. For

reason of capacity there is no need for a two tanadabout or for a dual carriageway. If there
is a need for a two lane roundabout in the futigdhetter to phase the design. A roundabout
with one lane on the entrance, exit and on thedahaut, is the safest solution.
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Figure 68: Proposed solution, modern roundabout, tw lanes on roundabout, two lanes on entrances andits
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ANALYSIS OF BLACK SPOTS

Introduction

The occurrence of accidents is founded on a compleay of factors related to human
behaviour and vehicle, road and environmental dteriatics. The Dutch MATAC method
(Manual Analysis of Traffic Accident Concentratigris a valuable tool here. The MATAC
method is a technique for analysing concentratioinsoad accidents at individual locations
and/or short sections. The objective of the analigsto draw indications from the similarities in
accident characteristics at the location relevameguired improvements. Designers should note
that use of MATAC analysis requires a certain degoé knowledge and skill. It requires
knowledge of general accident characteristicsfitratience and traffic behaviour.

The road traffic system consists of 3 componentan,mvehicle and road (environment).
Deficiencies in one or a combination of these congmbs increase the chances of accidents. A
study in England into the main causes of accidezsslted in the following findings:

human factors : involved in 95 % of accidents.
road factors :involved in 18 % of accidents.
vehicle factors : involved in 6 % of accidents.

As only 18% of the accidents are either partlyatalty attributed to the ‘road’ component, one
might be led to believe that there are few possidsl for preventing road accidents using
infrastructural measures. One should, however, navee, that:

- In principle all accidents can be attributed to lamnfactors. In legal terms, the way it is
put is that the road user has not exercised thessacy care and attention within the given
circumstances.

A good, uniform design assists the task of drivimbjch reduces the chance of accidents
(see chapters 3 t0 9).

Traffic behaviour can also be positively influendad information, law enforcement and
education (see chapter 12).

A reduction in the number of fatalities is diffitub achieve, but it is possible. Figure 69 shows
the increase of mobility, cars and of the decrezskatalities in The Netherlands during the
period 1961 — 2002.

In general, infrastructural measures are highlyfepable. The desired traffic behaviour is
therefore not achieved legally and more or lessewnmittal, but actually enforced. This does
not, however, mean that non-infrastructural measw®ould not be considered. In certain
situations these can also achieve interestingtsesul

Testing of the road safety aspect, following andemt, is often inadequate. The testing should
cover not only the road design, within the givead@nvironment, but also the expected traffic
behaviour. The following two practical examplesstrate the situation where the benefits of
measures related to road safety have been unaeatst.
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Figure 69: Number of cars, vehicle kilometres andhe number of fatalities

Example 1

To provide relief through the centre of a villagjee decision is made to build a bypass. Due to
the (residential) buildings alongside the plannaate, the road is incorporated into the built-up
area (speed limit of 50 km/hr). The design provides 7.00 m-wide main road with quite long
straight stretches without junctions, large radiwsves and separate cycle paths. It is not
difficult to predict that the majority of driversilvignore the speed limit of 50 km/hr with all
the associated consequences. The design compligsvitil the design guidelines, but there is a
definite flaw with regard to the traffic managemaspect.

Example 2
A number of companies which generate freight amitalgural traffic are situated alongside a
country road (3.50 m wide). The traffi¢
volume per day, however, is low. There is an
avenue of trees on both sides at a distance of
1.50 m from the edge of the road surfage.
The road maintenance authority has [to
reprofile the shoulders every year to ensure
drainage (and therefore also safety).
Accidents, however, are rare. After widening
the road to 5,50 m the shoulder problem|is
solved entirely. The road safety, based ppn
number of accidents, however, is drastically
reduced. Causes are: far higher spegds,
cutting corners as traffic volumes are Ig
and the trees standing closer to the road.

Give way acciden
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The MATAC method is extremely valuable. After a eas accident, the opinions of politicians,
road users and local residents, as regards whiasumes should be taken, are often rapidly
formed. In response to this, decision makers ampted to enforce immediate solutions. There
is the risk of:

measures being taken that do not actually solveithielems;

a far higher investment being made than necessaglte the actual problems.

Measures should be based on a thorough, objectiaéysas of the problems. This is what
MATAC promotes. The way that all stakeholders arelived in the process of solving traffic
problems, thorugh an integrated approach is exgdhin Chapter 2.

Minimum number of accidents

The MATAC method can only be applied if a particut@inimum number of (injury) accidents
have occurred at a location. It is therefore a treacapproach to road safety: assessing
situations that have previously resulted in acdslen

The location can be either a junction or a roak. I road link is, in principle, a section of the
road between two junctions several hundreds ofesair kilometres long. As an indication, a
section of roughly 100 to 200 m length of homogersemad can be considered as a unit.

What is a ‘black spot’?
The utilisation of the MATAC-manual related to ididying black spots, focused initially on the
number of accidents: the worst black spots werselhwith at least 12 accidents during a period
of 5 years. Later, this rule of thumb was adjuste@ br more injury accidents occurring in a 3
year period. If the concentration of accidents ogaot at one location (junction) but along a
particular length of road, then this is referrechsoa dangerous road link. To apply the MATAC
method successfully, the following should be reedrat the location in the preceding 3 to 5
years:

at least 10 accidents in total or,

at least 5 accidents of a similar character.

The numbers quoted should be treated
as a practical minimum in order to
apply the analysis technique.
Reliability of the analysis results is
dependant upon the avoiding of data.
With a small number of accidents
incidental factors may be
determinative for the analysis results.
A concentration of accidents has to be
observed to identify a location suitable
for application of the MATAC
method. If, for example, 40 accidents
have occurred on a road link of 3 km
long, it is preferable to apply the alternative hegl(s) and routes and not the MATAC. If the 40
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accidents have occurred over a length of a few tathdhetres, then this is considered as an
accident concentration and the MATAC method caai@ied.

Methods of black spots selection

Method 1

Based on the available accident statistics adigrafted indicating accident concentrations with
the highest frequency of accidents involving injufe list is divided into junctions and road
links, the latter specifying the number of accidenvolving injury per kilometre.

Method 2
Another option is the inventory map. This is a nedghe area managed by the road owner or
road authority. It is actively updated on an anrhedis, with a record of all current accidents.
Each new accident is located on the map with auretb pin. The colour of the pinhead varies
according to the seriousness of the accident arttiorseriousness of the injuries of those
involved.

The map data for previous years is incorporateml anpresentation map, showing the number of
accidents during the period. A rapid visual intetption of the map provides the starting point
for a road safety policy, including the selectidraccident black spots.

Based on the presentation map, a list of
black spots is drawn up. Not all the
selected situations will qualify for an
accident analysis. Reasons for cutting
down the list to a working list are for
instance:
an established traffic plan, in
which the location in question
will shortly be given a different
traffic function, possibly
combined with reconstruction;
the location has only recently
(less than 3 years ago) been
reconstructed to a large extent in

relation to the MATAC method.
The location is however relevant
evaluation as part of the POGSE
approach (chapter 2).

Inventory map: highlighting locations of accidents
© Via Traffic Care The Netherlands Screen shots frm acciden

analvsis software ViaSta-Online

The working list may also include those locatiortseve accidents have already been analysed,

in accordance with the MATAC method, in the passdtade reasons for being on the list are:
the measures have not, for some reason, been irapteth The locations in question can
be removed from the list;
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the MATAC analysis did not yield conclusive resulisfurther analysis with accident data
from more recent years (at least 2 years) mayteadesult;
evaluation of the measures shows insufficient oeffiect. The location is kept on the list
if a period of at least 3 years has elapsed simoenstruction.

Locations at the top of the list have the highesarity for analysis. Lower ranking locations
may be given a higher priority if, for example, 4beare already included in a roads and sewers
maintenance programme. Alternatively, in situatiaingere the black spot inventory has not yet
been completed, these programmes should be exanforethe existence of black spot
locations. Suspicious locations, although not yatuoring on the list, should be analysed and
safety measures be included in the maintenances.plan

Essence of the method

A road accident is a phenomenon generally chaiaetéby a chain of related and non-related
events. More than one possible cause can be iedic&br those involved, a chain of events
precedes the accident. This chain begins at th&t pdien the decision is made to travel. The
party involved chooses a time of departure, a nuddeansport and a particular route, and then
exhibits a particular traffic behaviour depending mood, time available and suchlike. In a
chain of events that ultimately results in an aenidseveral moments can usually be identified
at which a different decision (another time of déyr®, another route, lower speed, no alcohol)
would not have led to the accident in questionotiner words, there are ‘failure chances’ at
various moments in the chain.

The MATAC analysis focuses chiefly on the failure ahces in the situation directly
preceding the accident (coincidence and collision).

Every accident has its own chain of preceding evamd is therefore unique. There are also
similarities between accidents in those chains. fbHewing four examples of accidents on a
meandering stretch of road illustrate that fact.

Accident 1
John (36 years old) oversleeps and misses
the train. He decides to take the car to work
and ends up in a traffic jam. He is going o
be late, so leaves the motorway to takg a
local road. Despite the fact that he is not
familiar with the route, John drives too fast.
He misjudges a fairly sharp bend. The ropd
surface is still wet. John skids and hits a tiee
on the outside of the bend. John is taken| to
hospital with serious injuries.

Accident 2

Pete (20 years old) has been by car to a partyhasddrunk a lot. Afterwards he gives his
friends a lift home. To impress them he driveseaftast. He thinks he is quite capable of doing
so, as he knows the route very well. There is a-bmjtited atmosphere in the car, which
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distracts Pete. Due to his reduced responses antudti speed, he sees the sharp bend too late
and fails to turn in time. The car hits the treaden, with fatal consequences for Pete and one
of his passengers.

Accident 3

Keith is a bit older (54 years old). His sight isteriorating. He has problems in the dark and
rain, in particular. He is aware of this and therefdrives with caution. Until, one rainy night,
he misses the bend in the road and crashes intoebeThe relatively low speed means that
Keith comes out of it with nothing more than a dhoc

Accident 4

Catherine (42 years old) is a sales representftivhousehold items. She has visited several
customers and already driven 350 km that day. Aféerdast customer, she wants to get home as
fast as possible to be on time to fetch the childrem nursery. She is tired, but pleased with a
number of substantial orders. She looks back abdigetiations with a smile on her face. Due to

this lack of concentration she fails to see thedhartime and, despite braking hard, she cannot
avoid hitting a tree. The car sustains only dameagke bodywork.

The four examples highlight a number of issues:

- each of the accidents is the result of a uniquenableevents;
various factors played a role in causing each attjdhere was not one clear cause;
there are also similarities between the accideaitsour happened at the same location
where the tree on the outside of the bend was hit;
in three of the four accidents the driver was digvioo fast and two of the four cases
ended with serious consequences;
in two of the four cases the road surface was wetiawas dark;
in three of the four accidents the driver was payisufficient attention to the driving.

In the event of a clustering of accidents at ai@aetr location most probably one or more of the
links in each unique chain are identical. Thishewn as a diagram in table 17.

The essence of the MATAC method is to find startipgints for improving the design or use
of the infrastructure based on similarities betweancidents.

Data available

To fathom the causes of an accident, insight ineoéentire chain of events immediately before

the accident (weather and traffic conditions, pbgisand mental state of those involved) is a
requisite. Presently, many of these details areemeh recorded and are therefore unknown. For
an accident involving injury, the police recordumber of facts on the analysis form. The form

also includes a brief description of the manoeuweswvhich the accident was based, with a
view to possible reconstruction during the analysis

The description is based solely on the conclusmthe duty police officer shortly after the
accident. This therefore provides an incompleteupictof what happened. Any (witnesses’)
statements included in the report can provide niesgght into the manoeuvres carried out,
although the causes of the errors made usuallyineamaliscovered.
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Often only limited data is available when investigg the causes of accidents. Road authorities
having limited, or incomplete, accident data aneossly hampered throughout the process as
described in the following chapter. For this reasetting up and maintaining a proper data
collection and registration system (accident daikp& essential

Table 17: Accident schedule

Number of accidents 1| 2| 3| 4| 5/ 6] 7 8 9
Day
Date
Time X
Victims/seriousness
Type of collision

Light conditions X
Weather conditions
Road surface X
Road user 1, nature X
Road user 1, age X X
Road user 1, movement X | X X
Road user 2, nature X X X X
Road user 2, age X | x X X
Road user 2, movement X X

X X X X X X X
X X X X X X X
X X X X X X

x
x

10.5 The MATAC process

As indicated earlier, the objective of the analysiscess is to be able to reconstruct the chain of
events directly preceding the accidents as acdyratepossible. Many factors play a role in
causing accidents, which means reconstruction sasy task. The chance of success is greatest
if the analysis process is carried out systemdyicstiep by step.

1. Collect data

v

’ 2. Execute analysis ‘

v

’ 3. Formulate hypothesis ‘
v
’ 4. Test hypothesis ‘

Hypothesis proved

no

5. Supplementary research

Hypothesis confirmed?

’ 6. Establish cause of accidefts

.

’ 7. Determine measures ‘ ’ Stop MATAC ‘

Figure 70: MATAC Step-by-step
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The MATAC method is divided into 7 steps. Each stépbe dealt with individually, with the
results of each step illustrated with a practicameple. Figure 70 MATAC indicates, step by
step, an outline of the analysis process

MATAC 1: collecting and processing the data

To carry out an MATAC analysis properly, at ledst following data is necessary:
- accident data;

traffic data;

situation data;

other data.

Accident data
The basic data on all accidents at the study loeatiecorded in the 3 to 5 years preceding the
study, must be known. Here, you can use the olligegistration forms (generally available
from the local police) and/or the accident statsstiAdvantages of using the registration form
are:

The addresses of the parties involved are knowrnchwhiscloses (to a certain degree)

whether they were familiar with the location.

The location of the accident is indicated more sataly.

The circumstances of the accident are includedllyscontaining interesting information.

Traffic data
To establish the right measures at a black spaglings needed into the existing and future
function of the relevant roads in the study zomenle of the roads is being used improperly,
(for example as a short cut), then a choice neetls tmade between the following strategies:
Gearing the proposed measures to the proposeddoraftthe road and preventing ‘short
cut’ traffic.
Gearing the proposed measures to the actual useptatgy the short cut traffic and
redesigning the layout of the infrastructure aglyads possible.

Additionally, the following data is important:

- the use of the location by specific groups of raadrs or modes of transport;
the traffic volumes at the location, preferablyvahicle type, direction and time;
any changes in the traffic structure during thelgtperiod, inducing volumes increase or
decrease in the study period;
if the traffic structure (road network) probably ntobutes to an increased chance of
accidents in a certain area, a further analysidheftraffic structure in accordance with the
‘black zones and routes approach’ method is advised

Situation data
A plan of the location, preferably on a scale &0D is needed. At least the location of the
various traffic facilities should be shown.
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If known, it may be useful to include records ohgmaints from residents or survey data from
the police (surveillance, speed checks) in theyaimal At a later stage in the study a need for
supplementary data may arise, for example on ¢rafhaviour (see MATAC, step 5).

The data collected should be systematically soffeeb worksheets have been developed for
this: the manoeuvre diagram in figure 71 and thedant schedule in figure 72 [All forms in
this chapter can be found as template in the aforepou to use].

Manoeuvre diagram
The manoeuvre diagram is a schematic representafidhe accidents, superimposed on a
location plan. The nature of the accident is shosimg the manoeuvre picture or illustration.
The accident is graphically identified using arrpwehich represent the primary collision
parties. The arrows also show the manoeuvre cawtieftraffic direction) and points of impact.
The meanings of the symbols are shown on the MATW@ksheet.
Grouping the accidents into accident type is gédlyetiae best starting point for the analysis. It
is therefore advisable when filling in the manoeuworksheet to place the accidents of the
same type (same manoeuvre picture), which happaintt same spot in the location, next to
each other on the plan. This generates an initiding of the accidents.
The following data is also shown in the manoeuvoeksheet:

the period to which the accidents relate.

the order in which the accidents occurred (by numgehem chronologically).

the seriousness of the accident, using a symbaltaeach accident number.

the traffic management measures and traffic corgttahe location (e.g. traffic signals,

priority control).

the traffic volume.

Figure 71 includes a Dutch example of a manoeunagram at a black spot (40 accidents in 3.5
years). This concerns a road link with a horizobtatd, just outside the built-up area. There is
street lighting on the outside of the bend with aed white checked barriers.

Accident schedule

The accident schedule contains the most importaatvk data for each accident. The logical
course of action is to arrange the accidents iroratiogical order. With a view to further
analysis, however, it is also advisable to group #tcidents in the accident schedule in
accordance with the clusters in the manoeuvre armgr

The ‘collision type’ can best be graphically illteded in the same way as when filling in the

manoeuvre diagram. The accident schedule for ttietDexample is shown in Figure 72.

A few practical guidelines for filling in the ac@&dt schedule:

- When using the analysis forms, go through the dasan of the accident thoroughly and
indicate all the particulars in the accident schedu
Register the traffic participant who caused theidmt in the schedule as "first party
involved".
With a graphic representation of the manoeuvreupicin the accident schedule this
picture should preferably be oriented the same asyn the manoeuvre diagram. In the
accident schedule for the Burgemeester Mollaan plarthe accidents are grouped
according to accident type and location on the bend
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Showing the mode of transport and the first anadségarties involved in the same way
as the traffic directions in the manoeuvre pictutiscloses in most cases the first party
involved in the manoeuvre picture.

At a location with an exceptionally high numberaaitidents, for example 50 to 75 in 3 years,
and a significant number of accidents of the saype,tit is not always necessary to process all
the accidents. It is time consuming and the overvgeoften lost as a consequence. In this case,
the number of accidents in the last two years, eikample, would suffice. In this type of
selection commence with the data from the mostntegear, and then work backwards until
sufficient data is available, provided that allidenits in any specific year are to be processed.
Processing the data by computer will facilitate kilog with large numbers of accident data.

Including only those characteristics deviating frtm ‘normal’ picture in the accident scheme
will provide a more orderly schedule. For exampie state of the road surface is only noted if
it is ‘wet’ or ‘snowy’, the light only if the acciht occurred in the ‘dark’ and so forth. Only
‘deviating’ characteristics are noted in the exampl
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Manoeuvre diagram

Road Authority: Municipality Waalre
Location: Burgemeester Mollaan
Road user Manoeuvre Period: 1986 — Aug. 1989
-===br Pedestrian — Straight on Priority: Time:
—.—V Bicycle —’{ Halt
—H—> Motor bike —P> Parking
——> Moped / scooter —T Turning
——> Motor vehicle
Volumes:
-*0—> Heavy vehicle =< Overtaking
— >  Agicuttural vehicle —  U-turn
—E—P Delivery bicycle and other vehicles | BB 4 Out of control; skid
g Tram/ train _/_> Change lane
_D_, ,
Animal
° . {%} Reversing back
Lose object Ca. 10,000 veh/day
. Fixed object 7 Location unknown
6  Accident with materia
damage only. No. of accidents: 40
(7)  Accident with injuries With fatalities: 0
With injuries: 8
A\ Accident with fatality withmdo: 32
Figure 71: Manoeuvre diagram Burgemeester Mollaangxample)
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Figure 72: Accident schedule (selection) BurgemeestMollaan
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MATAC 2: executing the analysis

The analysis is the core of the MATAG

study. As previously mentioned, th | L Colectdaa |
objective is to trace the common facto v

. 2. Execute analysis
that have contributed to the chances ¥
failure in the coincidence and collisio] | 3 Fomuiace hypothesis |

situation. |

4. Test hypothesis ‘

Dominant accident types
It is advisable to begin the analysis wi o

the manoeuvre diagram, as an init{ |6 Estabisn cause of accidefus
grouping of accidents has already be } o
carried out by type and location (ar] 7. petermine measures |

traffic direction). Experience has showr
that type and location generally provide the magbartant information. From the manoeuvre
diagram, the dominant accident types can be ded&tatistical criteria for the dominance of a
particular type or characteristic do not existhaligh there is a relation with the total number of
accidents. The analyst will be inclined to devoterenattention to accidents involving injury,
for example, than to accidents involving solely enal damage. As a guideline, an accident
type is considered dominant when occurring as stetwf 5 accidents or more.

Accidents of a type not belonging to a dominantugrare, in principle, excluded from the

analysis. The numbers are too low to lead to coimigsbased on common characteristics.

Some notes:
Accidents of different nature may have the samesealf a junction is not identified
sufficiently clearly, this can lead to both giveywaccidents (reacting too late to traffic
with priority crossing) and rear-end accidents ¢tieg too late to the car in front,
stationary and wanting to give way). Disregardinigatvat first sight are non-dominant
accident types should be thoroughly considered.
At a location with relatively few accidents, forarple 10 accidents in 3 to 5 years, a
dominant accident type is hard to distinguish. Andwnt characteristic (direction of
approach, time, light and so forth) will facilitatee analysis better than the accident type.
With low numbers of accidents it is not adviseduse percentages when formulating
conclusions. For example: “3 out of 4 accidentsuodn the dark” illustrates the actual
situation better than “75% occur in the dark”.

Before further analyzing the dominant group, th&tribution of the clusters of accidents over
the location should be subjected to a further stifthfor example, the give-way accidents are
only concentrated in one or two quadrants of thectjon, there could be an underlying,
exceptional cause. There could be a relationshilp thie volume of the various traffic flows or
with the fact that the problem of priority only ses at that specific place. It is therefore
important to compare the flow diagram with the deat picture. Never assume beforehand
that the design is less safe from one direction fham the other.
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Going back to the example, the manoeuvre diagrawslhe following:

. In 13 accidents the vehicles collided with a fixagject in the shoulder; in 7 cases the
vehicle was traveling in a southerly direction @&hchses in a northerly direction.
There were 22 head-on or side collisions accideAttough this group cannot be
considered as a one-sided accident type as a wdilblaccidents may be caused by the
same factors as the one-sided accidents.
Accidents nos. 7, 12, 21, 33 and 3 are other antigges and have therefore not been
taken into consideration.
There is a dominant accident type (driving accigledivided over three clusters
- side collisions;
- collisions with fixed object, driving from the nbrt
- collisions with fixed object, driving from the sdut

Dominant characteristics
The further analysis is initially carried out pesndinant accident type. Within these groups of
accidents similarities in other characteristicsnfdwant characteristics) are sought. For this
reason, the accidents in the accident scheduléharefore grouped by type. There are two other
worksheets available for the accident analysisddition to the manoeuvre diagram and the
accident schedule:
The time analysis table (figure 74) can be uselddk for time similarities (month of the
year, day of the week, hour of the day). The hduhe day is shown in a double ring, so
the light can be noted (outer ring: daylight; inneg: dark).
The analysis overview (figure 75). This overviewndze filled in per dominant accident
type and shows the findings with regard to any lsirities in other characteristics.

With a dominant accident type consisting of a langenber of accidents a further analysis level
could be required. If, for example, 12 of a clustér20 single accidents turn out to have
occurred in the dark, a separate analysis of ti&seccidents is needed to disclose other
similarities (driver's age, alcohol and so forthd).separate accident schedule, time analysis
table and analysis overview is filled in for thisogroup.

In addition to the determination of dominant acoidypes and/or characteristics, the remaining
part of the analysis can best be carried out uaifguestion and answer’ technique. Two main
guestions are raised:

Does the similarity have any significance?

What conclusion can be drawn from this?
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Road Authority: Municipality Waalre
Location: Burg. Mollaan
Accident type: Driving accidents
Hour:

Day:

Year Monday Tuesday Wednesday | Thursday | Friday Saturday | Sunday Total
1986 | ? ?X?X X X 7+4+4
1987 X 3+1+2
1988 X 5+1+1
1989 7

Total | 3+2+2 4+1+2 2+1+0 0+1+0 | 5+1+1 | 3+0+2 | 5+0+0 | 35

Figure 73: Time analysis table Burgemeester MollaaMATAC 2)

If, for example, it turns out that 70% of the a&sitk occurred on a wet road surface, specific
questlons are:
Is that number larger than can be expected basetherdry-wet road surface-time
relation?
Does this provide a point of departure for formimigthypotheses regarding possible
accident causes?

The common characteristics of the accidents inBhegemeester Mollaan raise the following

questlons (also see analysis overview, Figure 74):
Why are 28 of the 35 accidents caused by traffia mortherly direction? Is this in relation
to the intensities or are there differences inrthed (environment) from the two directions
of approach? Considered over a period of twenty-fmurs the volumes in both directions
are the same, but in the morning and evening rosinstthere are considerable differences.
In the accident picture this latter factor (see etimnalysis table, Figure 74) is not
recognizable. We can therefore conclude that teegydesvidently does play a major role.
Why are only passenger vehicles involved in thedards? Is there a ban on trucks or does
this group of road users not have any special probP There is no ban on trucks. Evidently
an (experienced) truck driver can better overseesittuation or drives more slowly.
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Why is the age of the first party involved undery@@rs in 37% of the cases? It is a known
fact that young drivers are involved in accideriatively more often than other age groups

(in general they accept a higher level of risk).

Why do 91% occur in daylight? Evidently the sitoatiis clearer in the dark with street

lighting than in daylight. Is there some misleadiagtor in daylight?

Why do 71% of the accidents occur on a wet roathsa? The road holding is poorer with
a wet surface than a dry surface. Are the (appjcsmdeds too high in relation to the radius

of the bend or do drivers misjudge the angularldsment (angle detection)?

Reference data is required to interpret the infoiona At location level this data is virtually
unavailable. After all, the composition of the fi@flows over a road link or junction, and the
distribution of the traffic over the day differ fro location to location. For a few of the
characteristics, such as the proportion of thedmeits on a wet road surface, national figures

can be used.

Road Authority Municipality Waalre

| Location

| Burg. Mollaan

Type of accident Driving accidents

N° Characteristic Observation Conclusion / comments
1 Hour Especially between 14:004iess traffic
16:00
2 Day Friday, Saturday, Sunday Tourists?
3 Victims 6x head-on accidents Unfavorable action
4 Type of - 28 x caused in Northerpn- Differences in curve detectig
manoeuvre direction or approaching speed
- 7x caused in Southennr- Not taking turn well, spee
direction too fast
- 63% collision with on-
coming traffic
5 Age 37% aged 30 or younger High level of risk
6 Type of vehicle] Only passenger car Driving exgase
Overview of situation
7 Day light 91% during daylight Deception, no oc@mce at night
8 Road surface 71% wet road surface Frictional resise, high speed
drainage

Hypothesis 1:

The curve, for traffic coming from northern direswstiis
not clearly visible

Nr:4, 6, 8

Hypothesis 2:

The approach speed varies too much with the passilit: 4,5,6
speed in the curve

Hypothesis 3:

In daylight visual guidance is insufficient

Nr: 7

Figure 74: Analysis overview Burgemeester MollaanMATAC 2/3)
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MATAC 3: formulating hypotheses

Hypotheses regarding the possible accident calsmgdsbe formulated based on the analysis
results. This is done for each dominant acciderg typcharacteristic separately. It is important
for the various conclusions from the accident asialfo be compared. They can be either
contradictory or even complementary to each otAeditionally, various types of accidents
sometimes have the same cause (for example priacitidents and rear-end accidents). The
hypotheses should be formulated for each individiomhinant type of characteristic, based on
the total picture of the accident analysis. These loba set out on the ‘analysis overview’
worksheet (worksheet MATAC 2/3, see figure 74). Taamulation of the hypotheses is the

most difficult step in the MATAC

‘ 1. Collect data ‘

- analysis.
‘ 2. Execute analysis ‘
aF 2 : It is absolutely essential that the
. Formulate hypothesis i X
v ‘sequential theme’ of the analysis
[« Testnypotness | (dominant accident type - conclusion

analysis — hypotheses — establishing
causes - measures) be maintained from

Hypothesis proved 5. Supplementary researc

‘6. Establish cause of accidems beglnnlng to end Of the ) StUdy-

1 - Therefore the use of the diagrams,

[ 7. Determine measures | incorporating that theme, is strongly
advised.

MATAC 4: testing hypotheses

A location study is carried out to ‘test’ the forlated hypotheses. There cannot really be any
statistical testing. The assumptions regardingothesible causes (hypotheses) are examined as
closely as possible to determine their accuracye iflvestigation can also reveal causes not
foreseeable when formulating the hypotheses.

The road and traffic situation at the location i@mined using the results of the accident
analysis as a point of departure. This is done iddally for each dominant accident type,
based on the formulated hypotheses (see also app&hdAll findings, both positive and
negative, deemed relevant to the hypotheses sheulgcorded in the study. Some important
instructions for the location study:
The researcher should put himself in the accidiémation as best as possible. The location
should be approached a number of times with thenidant’ mode of transport from the
relevant direction. Attention should also be dedote the route leading to the location
(expectations generated earlier on in the routeedpehaviour, road layout, attention level,
irritation caused by unnecessary delays at preggdirctions and so forth).
The study should be carried out as much as possitder circumstances identical to those
prevailing at the time of the accidents (time, tigheather conditions and so forth). It is also
advisable to study the situation at other timesy Aifferences in the findings could point to
a possible cause.
It is sensible to make a list of points of attentiper hypothesis for the location study
beforehand, based on the accident analysis.
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The traffic behaviour at the junction or road liskould be observed closely, using the
formulated hypotheses as a guideline (approach Vimta observation behaviour,
functioning of priority regulations, crossing bel@aw, complexity of the manoeuvre and so
forth).

Testing the design against the applicable guidglisenot the most important issue in the
location study. The guidelines are based on genmiatiples not necessarily entirely
applicable to the study location. The main objextiv to establish the accident causes by
finding confirmation of the hypotheses (the seqiatheme).

Possible causes, not recognised from the accidalysis may come to light during the
location study. Produce a good photo or video rtefmenable assessment of the situation
afterwards. The recordings should preferably be miade the position of the party
involved (location and eye level).

Take the time for a location study. A chat withesident on the corner can also generate
supplementary information.

If the location study still provides insufficienhsight into the causes of the accidents, then
supplementary research is required (MATAC 5.)

MATAC 5: supplementary research

In general, the supplementary research

would be specialist research, such as: [ icokada |

- A further inventory of accident datg 3

for example by studying the polic [ 2 xcoucanayss |
| |
| |

reports (in cooperation with thg 3.F0rmu|:tehyp0thesis
police) or interviewing the parties 4.Tesl:yp0thesis
involved.
Interviewing road users who regularl no pre——
pass the location. -

Conducting a study into traffig [e estabish cause of accidefus
behaviour focused on the domina 1
accident type. ‘ 7. Determine measures ‘

Hypothesis confirmed?

no

Stop MATAC

Available methods for studying traffic behaviouear

- Conflict observations: a method for systematicaljestigating the cause of near misses in
traffic. In the Netherlands, the DOCTOR method idugDutch Objective Conflict
Technique for Operation and Research). It shouldnbationed that there is not always a
clear relationship between accidents and confli€t®ining is necessary to be able to
conduct conflict observations.
Using models for traffic behaviour: systematic gs@ of driving (observe-recognise-
process, information-decision-action), to find leapointing to possible causes of the
relevant accident type.
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If the supplementary research also fails to leagrtmf of the hypotheses, the MATAC study
has to be concluded without success. It should éationed here that supplementary research is
only of any use if there are good reasons basdHeoresearch already carried out.

Road Authority Municipality Waalre [ Location: | Burgemeester Mollaan
Type of accidents: Driving accidents
Hypothesis Check hypothesis (research on location) Hypothesis Cause of | Measure
correct? accident?
1. - Second curve comes a¥es Yes | Replace gradua
surprise turn with one new
- Curve signs for traffic in turn
northern direction misleading - Change to TH
junction
2. - The quotient approachingYes

speed / passing speed is equal
to 0.5 (dangerous situation)

3. - Good street lighting; guidanceYes
during darkness much better
- Second curve not Vvisible
during daylight
Figure 75: Analysis summary Burgemeester Mollaan (MTAC 4/7)

10.5.6 MATAC 6: establishing accident causes

If the location study provides sufficient evidenfsr the formulated hypotheses, then the
probable accident causes can be established fordzaminant accident type. It is important to
compare the various findings from the
location study. They can be contradictory | Lcolectdon |
even complementary. Various types v
accident can also sometimes have the sq |2 &ecueanss |
| |
| |

cause. Based on the total picture, tf [ a Formula*te hypothesis
hypotheses should be confirmed or reject " Test:ypothesis
for each dominant type of characteristic.

worksheet (MATAC 4/7) has bee

developed on which the conclusions of t
location study can be noted per hypothe| |s.estabiish cause of accidems
with regard to the possible causes and )
measures. This guarantees retention of | | 7. Determine meastres |
‘sequential theme’.

5. Supplementary researc|

Hypothesis confirmed?

Stop MATAC

Hypothesis proved

no
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MATAC 7: defining measures

MATAC is an analytical method to determine the causkaccidents at a certain location. As
such it is part of the second step (origin/causehé POGSE approach (see chapter 2). Traffic
experts mainly carry out the MATAC method.

With the causes of each dominant accident typegbestablished (MATAC 6) based on the
location study (MATAC 4) and any supplementary resea(MATAC 5) the results are
discussed amongst the stakeholders. Next, the gaodlsolutions are to be defined. The process
was already explained in Chapter 2.3. In this paalyg some guidelines on the specification of
goals and solutions are presented (MATAC 7).

The measures should eliminate the establishedsumaesd causes. The different measures for
preventing the various dominant types should foroobesive whole solution. If the research

brings deficiencies in the design to light, theigeds to be adjusted. This is achieved by a
combination of constructive (physical) and visuadlypportive measures. Physical measures
have a direct influence on the freedom of drivinithwegard to choice of route or manoeuvre

behaviour. Visual measures (markings, barriersntplg and so forth) generally have a

supportive function and therefore an indirect (jp®jogical) effect.

If the cause lies in the use of the infrastructane little can be done through infrastructural
measures or only at extraordinarily high costs Ifer saved, then measures such as traffic
education, information and law enforcement (specifaffic supervision) are more appropriate.
Information and supervision can also be extremelgful as a supplement to infrastructural
measures.

MATAC does not provide a summary of possible measyer accident type. The possible
causes are generally too diverse and the locaktgins differ too much. Fixed solutions for

specific causes would limit the flexibility and etevity of the designers. As indicated earlier,

testing the design against the applicable guidsliaaot the most important issue. After all, the
guidelines are based on general principles thal netnecessarily apply (entirely) to the study
location. The main objective is to establish theidat causes by confirming the hypotheses
(the sequential theme).

Evaluation of cases in The Netherlands has showingthzd results can generally be achieved
with:
‘hard’ measures that influence the alertness ardapf the traffic participants;
measures compensating for a clear deficiency in‘ghessentation’ of a location, such as
construction of left-turn lanes (particularly odisithe built-up area) or improving the visual
guidance in bends;
measures expected to influence the mentality afedsi appear to generate relatively little
effect.

Causes and possible solutions, as a result oe#limg, are summarized in a sheet as shown in
figure 75 above. The preferred solution (change fjunction) is identified and designed as
shown in figure 76 (also implemented).
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Measures should be problem solving, while estingatite effects as accurately as possible.
Combating one type of accident might, after athdido the generation of another accident type.
A speed-limiting measure such as a raised plateaa junction can, for example, have a
beneficial effect on the number of give-way accideiVhen applied to a main road, however,
with high traffic volumes and speeds of over 50 tlkmivhere such a measure is not generally
expected, this remedy can be worse than the problem

Attention should be devoted to potential side a@ffazhen applying structural measures, in
particular measures influencing the traffic cir¢ida. Displacing the traffic flow can also
displace the problems. In such cases, thorouglsgsteématic investigation of the roads and the
junctions affected by the measures and their slitialfor the intervention is required. The
investigation should start with determination oé tstudy area. This is not limited to the road
link or junction itself. Benefits and side effecn cover a number of roads or a road network.

Figure 76: Solution Burgemeester Mollaan

Summary

The MATAC method is a technique for analyzing coriions of road accidents at individual
junctions and road links. The objective of the as@lyis to identify ways for improving the
design of a certain location from the similaritieghe accident characteristics at that location.

It is absolutely essential that the ‘sequentiahtbein the analysisall accidents dominant

accident type or accident characteristic conclusion analysis hypotheses establishing

causes measure is maintained from beginning to end of the stuldlys therefore strongly
advisable to use the worksheets and diagrams.
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It requires a certain degree of knowledge and ghillexecute a MATAC analysis. When
processing the data, the less experienced trakfiere may have to make an interim step in
order to be able to process the accident dataeinettjuired manner.

Linking conclusions to the established dominantideatt types and characteristics is difficult

and requires knowledge of general accident chaiatios, traffic science and traffic behavior.

If this part of the analysis is carried out accelatand leads to concrete results, formulating
hypotheses regarding possible accident cause®iatavely simple task.

Evaluation research in the Netherlands has shasvrexXample, that the number of accidents at
concentration points has fallen by an average &6 3fter measures were taken, following the
MATAC method. The reduction in the number of accidenvolving injury is as much as 45%.
This demonstrates that tackling road accident aunagons is an excellent means of promoting
road safety.
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COST BENEFIT AND COST EFFECTIVENESS ANALYSIS

Introduction

This chapter examines cost-benefit analysis (CBAJ aost-effectiveness analysis (CEA) as
tools for assessing road safety measures. CBA @eaafiwhether the benefits of an investment
in road safety exceed the costs. In addition tetgadffects, other social effects, e.g. effects on
mobility and environment, are taken into accountirCBA. In this way, a CBA makes it
possible to make statements about the social retian investment. An overview of social
costs and benefits can serve as basis for priagtiseparate measures or measure packages
(combinations of measures). In addition, CBA iscduseweigh up investments in various policy
areas. Such choices are necessary when making éins, fixing the national budgets, and
prioritising or phasing investment options. A CBuseful in this context because it involves
summarizing a great deal of information in a ragidinamework. The focus of this chapter is on
the use of CBA for decision making while implemegtia road safety measure, or package of
measures, and to prioritise measures. It mainlynaxas the safety effects; other effects, like
mobility and environmental effects, are beyondsbepe of this chapter.

Cost-effectiveness analysis (CEA) is closely reldated€CBA and can be seen as a simplified
variant thereof. This type of analysis only examitiesroad safety effects (e.g. casualty saving)
and costs. Measures can be ranked, based on ttsenexgssary to save one casualty. Unlike a
CBA, the results of CEA do not provide informatioboat the social return of the various
alternatives, because it does not weigh the benafjainst the costs. With CEA measures can
only be ranked, based on the costs necessary écos@vcasualty.

Firstly this chapter examines the main elements GBA:

- Defining an alternative; that means alternativedraafety measures or packages of
measures. Also other alternatives, like continuimg current policy, should be addressed
as will be explained in paragraph 11.2.
Estimating costs of road safety measures, likestmments and operational costs. These are
the costs in a CBA or CEA (paragraph 11.3)
Estimating the effects of measures (paragraph 11.4)
Attaching monetary values to effects: in a CBA éfilects are expressed in terms of value.
The effects, expressed in a monetary unit, areeddlebenefitsin a CBA (paragraph
11.5). This element does not apply to CEA.
Social return calculations; in this step of a CB&lculations are made to compare the
benefits to the costs, as will be explained in geaph 11.6.
Cost- Effectiveness-Analysis (paragraph 11.7)

All elements are illustrated by an example. The elarand the numbers used are fictitious and
are only meant as an illustration of CBA. The ckajs based on a guideline for cost-benefit
analysis of road safety measures developed by S\\WOV, 2005). Also see ECMT (2001)
and Hakkert & Wesemann (2005) for an introductiotoiCBA and CEA for road safety
measures.
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Defining alternatives

In a CBA the situation with a measure (the progtgrnative) is compared with the situation
that would develop without the measure (the ‘dchimgt’ alternative). Therefore, a first step in
a CBA is defining one or more project alternatiaesl the null alternative. Project alternatives
consist of road safety measures or packages of uresasThe null alternative can be the
autonomous development or the continuation of ctrpolicy. Estimations of autonomous
developments can be based on scenario studiesjhilegdrends in mobility and demography
for example. By defining a null and project altdives, the effects of a measure are
distinguished from the autonomous effects, astified by figure 77.

Project and null alternatives are compared oveng period, e.g. 10, 20 or 30 years, depending
on the duration over which the measures are effecA fixed time period for the CBA should
be chosen; the alternatives describe developmettitssi period of time.

Effect

Project alternativ

} Project effects

Null alternative
} Autonomous effectg

Current situation

Time

Figure 77: Project alternative and null alternative

Example: traffic lights or roundabout?

In a municipality there are five four-arm junctiongh give way, at which 56 accidents occurred thrze years period:

1 fatal accident

5 accidents with severe injury

10 accidents with slight injury

40 accidents with material damage only
The number of fatal accidents is assumed to deerbgsl percent per year. Two measures can be tak@never
accidents: installing traffidghts at each junction or replacing them by roumdds The null alternative in this case is
no extra road safety measures will be taken. Thebeun of accidents decreases by 1 percent each Vkar.is the
autonomous effect. There are two project altereativ

1. Installing traffic lights; suppose that after 15ay® the traffic lights have to be renewed, so tifectvenes
duration is 15 years.
2. Constructing four-arm roundabouts; the effectess duration of the roundabouts is 30 years.

In the CBAthese project alternatives are compared with thieaiternative. A time period of 30 years is choseased o
the effectiveness duration of the roundabout. Tiniglies that renewal of the traffic lights (afteb $ears) should tak:
into account.
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Estimating costs of road safety measures

In general, two types of costs of road safety messscan be distinguished:

Implementation costs: the costs for implementimgeasure, such as those for changing the

infrastructure or vehicles, and enforcement coBtese costs are also referred to as the

investment costs.

Operational costs: costs occurring while the measuoperative. There are three types of

operational costs:

- Replacement costs; (partly) replacements have ke mace for measures with an
effectiveness duration shorter than the time horiziothe CBA.

- Maintenance costs; these costs are particuladyael for infrastructure measures.

- Enforcement costs; generally these are only thes @dsemployment (wages) needed for
enforcement.

Note that only the extra costs due to a measudefised in a project alternative compared to
the null alternative are considered. This meansgkample, that regular enforcement costs or
maintenance costs of the existing infrastructure mot taken into account. If a project

alternative consists of measure packages, costgavesulting from combining measures must
be considered.

Example (continued)

The costs of the project alternatives consist of:
1. Installing traffic lights: implementation costs, osf replacement after 15 years and the (exjra)
maintenance costs.

2. Constructing roundabouts: only implementation coflere are no replacements costs 4nd
maintenance costs are assumed to be the same as thefcosintaining the junctions with
right-of-way, so there are no extra maintenance @astgpared with the null alternative.

=

Table 18 gives the yearly costs of each alternatidetlam year(s) in the time period in which they occl

Table 18: Costs of installing traffic lights and constructing roundabouts (euro's)

Traffic lights Roundabouts
Costs Year Costs Year
Implementation 1,000,000 1 2,000,000 1
Replacement 1,000,000 15 0 --
Maintenance 10,000 1-30 0 --

Estimating the effects of measures

The next step is to estimate the effects of roddtganeasures. The effects of measures are
always determined in comparison to the null altévea In a CBA the effects are called the
benefits, which can have a positive or negativei@aln case of a negative value, for example
an increase in the number of accidents or negatiubility effects caused by a road safety

World Bank / Sustainable safe road design 15 September 2005, versién
MV/SE2005.0903 -151 -



DHV Environment and Transportation

measure, they are expressed as 'negative benkfits'not recommended to call them 'costs’,
because this might lead to confusion when calaatbst-benefit ratios (see paragraph 10.6).

In a CBA all relevant effects are quantified wheressible. The road safety effect is the
reduction in road traffic accidents resulting frimplementing a measure or measure package
as defined in a project alternative, in comparigonthe null alternative. This means that
information is needed about:

The number of accidents in the current situatiantli@ location(s) at which a measure is
proposed.

The increase or decrease in the number of accidetie location(s) in the null alternative,
i.e. in the autonomous development of the numbecoidents.

The percentage reduction of accidents as a rektiieaneasure. Reduction percentages can
be obtained from ‘in depth’ research and meta-a®alyln meta-analysis a large number of
studies have been reviewed. Appendix 8 presenisiasid reduction percentages for a
number of measures, based on a meta-analysis didhmd by Elvik (1996). The upper
and lower bounds of the percentages can be usesefwitivity analyses (see paragraph
11.6).

Note that the period in which a measure is effectimay differ from the period of
implementation. For example, infrastructure measteave effects after implementation and the
effects of police enforcement mainly occur duringplementation.

Example (continuec

We assume that installing traffic lights will reducecidents by 20 percent and that the redu
percentage of roundabouts is 40 percent. We fughsume this reducn percentage applies to
types of accidents.

To estimate the effects firstly the number of accislém the null alternative has to be calculatet
each year in the time period considered. We assuateirththe year before implementation ¢
measue the number of accidents is 19 (56 accidents/3 yehrshhe first year the number
accidents has decreased by a factor 1.01 (1 perdem§econd year by a factor 12@hd in the 16
year, for example, by a factor 1'81So in the 1B year the stimated number of accidents
19/1.02° = 17 (rounded). The ratio fatal accidents/acdisievith severe injury/slight injury/mater
damage only is assumed to be constant.

In the first project alternative, installing traffights, accidents are reced by 20 percent. The eff
of the measure in the first year is preventing 0120% 4 accidents; the effect in the™ear is .
reduction of 0.20*17 = 3 accidents. Constructing dabouts is assumed to prevent 40 percent «
accidents. So in the first year the effect is a rédnaif 0.40*19 = 7 accidents and in the"year
for example, 0.40*17 = 7 accidents (all effects atended).

Since safety benefits depend on the type of acti@dedistinction should be made between fatal
accidents, accidents causing severe injuries (adonisin hospital), accidents causing slight
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injuries (no admission) and accident with only matedamage. If there is no information
available about reduction percentages of a meaBureeach type of accident, the same
percentage may be applied for all types of acci&lent

The most important other effects concern mobilihd ahe environmental. Mobility effects
consist of changes in travel time and travel cdstszironment effects consist of changes in
emissions and noise nuisance.

Monetarizing effects

In a CBA all effects are expressed in terms of rmgoméhere possible. This is called
monetarizing. By monetarizing, effects are made manaible to each other and to the cost,
because they are expressed in the same unit. Thetamg valuation of safety effects consist of
the social costs saved by preventing accidentss& hee thdenefitsof road safety measures.
The following types of social accident costs (sgsincan be distinguished:

Medical costsThese result from the treatment of casualties,amde.g. costs of hospital,
rehabilitation, medicines, and adaptations fortlthedicapped.

Production lossThese result from the temporary or permanent disabf the injured, and
the complete loss of production by fatalities.

Material costs.These result from damage to goods such as vehicghts, roads, and
fixed roadside objects.

Settlement costsThese result from the settlement of crashes aadrdébulting expenses
incurred by organizations such as the fire brigadéce, law courts, and insurers.

Quality of life lossof casualties and their families and friends. Tikisalled 'human costs'
or 'human losses'. These are the immaterial chetsigh suffering, pain, sorrow, and loss
of the joy of living.

This is the classification as recommended by the&sTQ13 study, an extensive international
comparative study about the way in which 14 Eurapeauntries determine road safety costs
(Alfaro et al., 1994). In many countries costs dIf &cidents occurring in one year are
estimated, consisting of these cost categoriesekample, see the studies of Elvik (2000) and
Trawén et al. (2002) for international overviews@dd safety costs. Estimates of the cost of all
road traffic accidents in a country are used tawdate the costs per type of accident. Then the
benefits of road safety measures can be calculatedultiplying the decrease in accidents by
the (saved) costs per accident.

A simplified approach, which is often used, is kmoas the 1-million-euro-test. In this approach
the total costs of road traffic accidents is dividiy the number of fatal accidents, resulting in
costs per fatality. For example: the total costsafbcrashes in Europe amounted to 162 billion
in 1995 and the number of fatalities was 45,000 ykar. In this case the costs per fatality is 3.6
million euro. Note that this cost figure of 3.6 liwih euro per fatality also includes costs for
non-fatal accidents and material damage. Ideatlyntry specific data should be used. If these
are not available, the European estimate of 3.bamjlas published by ETSC, can be used.
Adjusted for inflation this is 4.4 million in 2005.
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When using the 1-million-euro-test only the numbfkfatalities prevented by measures has to
be known. The use of this approach is limited haevelbecause it assumes that a measure
prevents fatalities, injuries and material damagmoastant ratio. In practice some measures
mainly prevent fatal accidents, while others wélk relatively more effects on injuries or
accidents with only material damage.

Example (continued

We assume that no estimates of the costs per typeciofeat are available, so we have to use the gne
milion-euro-test. To calculate the benefits of a gcojalternatie in each year, expressed in term
money, we multiply the number of accidents preventethbk total costs per fatality. In this exan
we use 4.4 million euro per fatality.

In the first year, the benefits of installing traffights are 0.07 (preveéed fatal accidents) * 4.4
290.000 euro and in the “i§ear 260.000 euro. They are lower in th& bécause of the autonom:
decrease in the number of accidents. The benefitsratimicting roundabouts are higher: 570.000
in the first year and 520.000 euro in th&' @ar for example.

Return calculations

If the costs and the monetary value of all efféotsa particular period have been determined,
the social return is then calculated. Firstly, thets and benefits are discounted to the first year
of the time period of the CBA, using a discounerddiscounting involves weighing the effects
during a period of years, by which those effectd ticcur later weigh less than those that occur
earlier. In this way the cost or benefit occurriatgr in time is valued lower. When discounting
is used, measures with different effectivenesstiura can still be compared with each other.
Practically this means that a cost or benefit aiegrin the t" year of the time period
considered are divided by a factor ({+Wherer is the discount rate. An official discount rate
for government projects is preferred. The Europeami@ission advises to use a discount rate
of 5 percent. By summing the discounted cost/b&efthat is known as the present value of
costs/benefits is calculated.

The present value of the discounted costs of anraltive can be calculated by the formula:

—_— Cl + C2 + C3 + + CT —_— T Ct
@+r)t @+ @+r)® T @+n)T o @)
where:
PVC = present value of the cost
C = cost of the alternative in year t
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In the same way the present value of the beneditse calculated.

Usual criteria for the social return of road safetgasures are the comparison of the present
value of benefits and costs, known as the Net Rtasaglue (NPV), and the ratio of the present
value of benefits and costs, Benefits Cost RatiORR

Implementation of an alternative is seen to berdbk if the net present value is positive or the
ratio of benefits and costs is greater than 1. 8awme these criteria, measures or measure
packages can be compared. The higher the balancatiorof present value of benefits and
costs, the more desirable an alternative, i.e. @sore or measure package, is. These criteria can
also serve to compare the social return of investsim road safety with investments in other
policy areas.

Finally, it is often useful, and also usual, to m¥a@e uncertainties in a CBA's results. This can
be done by testing the extent to which resultssamsitive to uncertainties in, for example,
effect and cost estimates, and in valuation ofaffeln a sensitivity analysis the (change in)
social return is calculated by using, for examphe, lower and upper bound of the reduction
percentages used for calculating road safety affecby using a lower and higher discount rate.

Example (continued)

Using a discount rate of 5%, the present value o€tists and the benefits of each project alternative
can be calculated as well as the NPV and BCR. Thblgives an overview of the present value|of
the costs and benefits of the two alternatives.ritdwut that the NPV of both alternatives is positive
and that the BCR is greater than 1. This means thabehefits of both alternatives exceed thgir
costs, so they both yield a positive social return. elaw, in this example roundabouts are preferied,
because the BCR of roundabouts is higher (3.3 vsas.8)ll as the NPV (5.5 vs. 1.0 milion euro)
As a reminder that normally monetary values of othéects (especially the assumed positive
mobility and environmental effects) are also normédlgen into account in a CBA, these effects are
shown as ‘pm’ in table 19.

Table 19: Costs and benefits of installing traffic jhts and constructing roundabouts (million euro)

Traffic Roundabouts
lights
Costs:
Implementation 1.0 2.4
Replacement 0.5 -
Maintenance 15 -
Total costs 2.9 2.4
Benefits:
Safety 3.9 7.9
Mobility pm pm
Environment pm pm
Net present value (NPV 1.0 5.5
Benefit-cost ratio (BCR) 1.3 3.3
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Cost-effectiveness analysis

Whereas cost-benefit-analysis compares cost of safety measures (paragraph 10.3 above)
with cost of accidents (or cost savings of effegparagraph 10.5 above), cost-effectiveness-
analysis is limited to the cost of measures in camspn with the estimated reduction of
accidents.

The way costs of measures are calculated is exqalamparagraph 10.3 above for cost-benefit-
analysis and is identical for cost-effectivenesahgsis. Capital cost per year consists of interest
and depreciation of the investment. For policy gsialan interest rate of 5 or 10 % (resp. social
or business economic) is generally maintained. Tipise can be adjusted for countries where
inflation is structural. By means of a table of aities the total annual amount to be paid for
interest and depreciation (to cover the completalacost of the works at the end of their

estimated lifespan) can be calculated. The figuees also be found by using a formula; the

arithmetic method is presented in Appendix 9.

Surplus annual maintenance and operational cost,rasult of the road safety measures, have
to be estimated. The surplus is the difference éetwthe present maintenance cost (of the
existing facilities) and the future maintenancetc@s the road safety measures after their
construction or installation). The cost is calcathbn an annual basis. Items generating other
annual costs and general costs are as such explaidgpendix 8.

One may assume that without measures in the nesg fears the number of accidents at the
location will remain the same. Since little is krotveforehand about the effect of the measures
it is further assumed that all accidents of theetgpncerned will be prevented by the proposed
measures. The same applies for, so called, sidefiteraccidents that occur due to the measure
taken (in fact these are negative benefits). Thaitipe effect of the measures is the number of
accidents that have been prevented.

It should be noted that for cost effectiveness yaig| the total number of fatalities and injuries
at a specific location are considered and not tihmbers of accidents resulting in fatalities and
injuries.

The types of accidents (fatal, injury, material dae only (mdo)) have different gravity. To
calculate the benefits of road safety, this gravias to be quantified. Various calculations
methods and thus resulting figures or factors eXiffferences may be up to 2 or 3 times one
factor against the other. Factors like lost quatifylife, pain, grief and sorrow of surviving
relatives are difficult to quantify. From studiess known that the social cost of accidents with
very serious injuries and fatal accidents are mtamydreds times higher than those of accidents
with only material damage. In this manual the failog factors are proposed:

fatal accidents: 10
accidents with injury and hospital admission: 5
other accidents with injury 3
accidents with material damage only 1
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In countries where only limited accident data isitable, all accidents with injuries can have
the same factor (5).

For the listing of priorities a table is used, @ning the following elements (see appendix 10)
a. The location of the accident; this informatiames from the accident databank. It is used

b.

for reference and to enable grouping of the acdgden
The type of measure. Many road authorities tesedard lists of measures. In the table the
code is entered referring to the specific measama that list.
The cost of the investment. These can be starmtmtd from the list of measures or the
calculated cost based on a design or the quotafiarsupplier.
The estimated lifespan of the measure. Thisdspériod from the implementation of the
measure untill its complete renewal or removal.
The capital cost is calculated using the methqalained in appendix 9. The usual interest
rate is 10 %. Using tables with the calculated dexctwill simplify the calculation. The
capital cost is expressed as cost per year.
The other cost are the expenditures, directtyiadirectly, related to the measure:
- maintenance cost;

operational cost;

data collection;

safety inspection;
- traffic control and enforcement.
For simple calculations only maintenance and oeral cost should be considered as the
other cost are more difficult to estimate. The ottwst is expressed as cost per year.
The total cost is the sum of the capital cosltthe other cost.
The number of accidents is taken from the actidatabank. A distinction is made between
fatal accidents, accidents with injury and accidewith material damage only (mdo) over a
period of three years.
The percentage reduction in accidents can béevetkrfrom Appendix 11. Although the
figures are meant for accidents with injuries, fzane percentage is taken for the other
types; this is to simplify matters.
To calculate the score (effect of a measure$t fihe accident numbers of each type are
multiplied by the respective factors, the outcoradded up and the sum divided by three
(years). This figure is multiplied by the reductipercentage. The cost-benefit ratio is found
by dividing the resulting figure by the total cqstr year of the measure (see the form in
Appendix 11).
The ranking of measures now can be performed.mibasure with the highest cost-benefit
ratio gets rank number 1.

In Appendix 11 two examples are presented. One asksm and is based mainly on the
method explained above. The second uses a sinapiifethod.
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EDUCATION AND ENFORCEMENT

Integral approach

The three main components related to traffic agertiad users, the road and the transport
modes. All three need to adhere to certain proegjuules and standards to achieve the highest
possible level of road safety. This is what bindssthelements together. The road users,
whether it is pedestrians, cyclists or drivers haveomply with traffic rules. The transport
modes, vehicles but also bicycles, motorbikes,|laéfic (carts) and lorries need to meet
certain standards of design (technical specificali@nd maintenance.

The sustainable safety strategy is characteriseddnpactive and preventive attitude rather than
a reactive (and curative) one aiming at addregsioglems when they occur. Moreover,
sustainable safety is based on an integrated sgstpproach where all elements of the road
safety and transport system are geared to oneaemdththe highest level it is the interaction
between human, vehicle, infrastructure and legsiat

Figure 78: Interaction between human, vehicle andnifrastructure.

Sustainable safety assessments has identifiednibra than 80 percent of road accidents are
attributable (to a greater and lesser extent) todruerror. Motivation, attention, emotion,
observation, prediction, knowledge and skills draspects that influence human behaviour
and that prevent humans from being the ideal traffirticipant. In a sustainable safe traffic
system the human takes the central role. Human@aagely) unpredictable and influencing
their behaviour is a challenge, especially to dingbe long-term.

The elements related to influencing the behaviduthe road user can be split into what is
referred to as the three Es:
Engineering: Vehicles equipped with technology $eist the driver or simplify the driving
task and provided with features that protect vidbkr and other road users; and An
inherently safe road environment with an infradinee adapted to the limitations of the
road user and preferably self-explanatory (constdiand marked to make obvious what
sort of behaviour is expected);
Education: road users that are well informed, adts{y educated and show evidence of the
expected behaviour.
Enforcement: developing and enforcing laws, rules @egulations.
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In the previous chapters road design, as partektigineering process, was discussed. In this
chapter the role of education, the spread of infdiom and enforcement will be briefly covered.

Education

Education is one of the three E’s able to influetigeroad user. The aim, target group, message
and tools determine the different methods availabkducate the population in road behaviour.

When can human behaviour be influenced? Three apuities have been identified. They
consist of: before, during and after traffic pagation, namely:

before participation in traffic, through educatiamformation, law;

During participation in traffic, through informaticand traffic signs;

After participation, through enforcement.

Moreover, according to age, the following stagesalao be identified:
education starts at home: parents give their avidn upbringing as road user (e.g.: stay on
the side-walk, stop when the red-light is on);
- road safety as part of school curriculum.

Basic traffic rules are introduced;

children learn rules related to bicycle

use, with the last lesson including a
bicycle driving test at the end of

curriculum;

Driving school: future road-users learn

through theory and practical courses the
rules and appropriate behaviour on the
road. The training course leads to the
driving test.

Road-user information aims to raise
awareness amongst a large group of
road users on new or different themes
Poster for Anti-Drink-driving campaign in Ankara (no speeding, no-drink driving

campaign etc).

Human behaviour is influenced by knowledge, und@ding, attitude and aptitude. A
distinction in behaviour can be made on 3 levels:
the strategic level; choices to avoid unsafe simat by means of adjusting behaviour
according to the principles of the system;
the tactical level; choices to avoid unsafe situaiby means of adjusting behaviour to
specifications of the system;
the operational level; choices to avoid unsafeasibms by means of adjusting to direct
operational system.
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Four different ways exist to educate road users:

Instruct: giving an explanation of how to do sonmgh For instance a driving
instructor demonstrates how to put on a seat belt;
Train: learning through doing. The seat belt isqruautomatically;

Role model: learning through imitating others. Fostance a child observes that the
mother indicates with her arm that she want toafbdr right and the child
does the same.

Punish/reward: different degrees of punishmenttekiar instance a child is scolded for not
indicating his intention to make a left-turn; tgpason sentence for a driver
who causes a fatal accident.

Enforcement

Enforcement, another one of the 3 Es will

always play a role in sustainable road safety.
Humans will always want to challenge or

ignore rules, thus the behaviour of road users
will always need to be observed, monitored
and when necessary punished.

The aim of enforcement is to discourage
inappropriate behaviour on the road, by
making road users aware of the possibility of
being caught and punished for their wrong
behaviour.

Three stages can be identified in moving
Fake police car painted on the wall, Poland from the law on paper to behaviour on the
road.

=

development of the law;
2. publication of the law;
3. enforcement of the law.

A road user needs logical and glamorous rules
regulations to be motivated to adhere to them. KRaled
regulations should contain 3 elements:
- rules must be appropriate to the situation;
clear and precise indication of the forbidden agtio
the rule needs to be reasonable as practical
implement.

Public awareness campaigns

A public awareness campaign is a means to raisecaess
on a specific topic in road behaviour. The duratidrthe

Seatbelt wearina. Buchares
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campaign is limited, but due to the possible intgnsan be very effective. Both information

distribution and enforcement is used along sideheaiher. For example a drink-driving

campaign will contain both

1. enforcement; the police will check on alcoheidls of drivers. At the start of the campaign
it can be without giving fines, but distributing@nmation and warning drivers.

2. information; disseminating information usingflets, TV adverts, radio spots etc to create
better knowledge among the target audience.

Often within such an awareness raising campaigmthie object is not so much to give fines,
but more to inform the public on desired behaviour.

A few points to remember when developing an infdiamacampaign is:
- regional / cultural differences;
target group;
differences in behaviour (it is most effective wherdesired behaviour is tackled where it
occurs the most);
style the campaign.

The types of activity that can be developed in anty or region to influence road users’
behaviour are:
TV-programme on “road abusers” showing breache®ad rules and the action the police
take;
TV-advertisement campaign showing consequencestabiding by the rules;
video followed by discussion; video shows an aatideaused by excessive speed,
discussion on speeding;
newspaper advertisement;
billboards along the road, for instance “keep distaof 2 seconds”.

Who should be involved in road safety awarenessngicampaigns:

- Police: responsible for enforcement and for distiig information;
The social organisations active in the field ofd @afety, their members/volunteers may be
willing to actively participate in improving roadafety. The organisations may have a
network to produce or distribute information.
Decision makers; often political will is neededitoplement any new action and to pass
laws.
Road safety committees combining police, governirjadtcature and social organisations.
This committee can serve to identify the road gafetues in the region.
Municipality, the unsafe location may be situatedthieir area, the campaign can be of
direct benefit to the situation in their municipgali
Education; schools can play a vital role in impletme an information campaign.
Driving schools; driving instructors provide an exae to all their students who are future
drivers.
Inhabitants; what do they feel needs or be impramdteir city, how could they contribute
to the campaign (e.g. distributing information, amging neighbourhood meetings etc).
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APPENDIX 1 MATAC: checklist black spot analysis

General aspects: points of attention in the analysiof accident data.

A. Factors related to the relevancy of the accident

1. Exceptional circumstances during the accident:
Extreme weather conditions (heavy rain, thick fog)
State of the road surface (mud on road)
Reconstruction, diversion in progress
Pavement (renewed/improved in the meantime?)

2. Exceptional characteristics of the traffic pap@t:
Physical and mental state of the road user (alcanedicine, tiredness,
illness)
No driving licence
inexperienced driver

3. Manoeuvres
Collision with a non-static object
Collision with an animal

4, Defects in the vehicle
B. Factors that can increase insight into the aatigicture:
1. Seriousness of the accident
Speed driven before the accident
2. Time of the accident:

Seasonal influences (holidays, summer, winter)
Special day (bank holiday, sports event, other gven
Time of day (end of school, theatre or suchlikeituy out, bar closing time,
late night shopping)
3. Exceptional circumstances during the accident:
Road user unfamiliar with location
Low sun
Creepers, shrubs, leaves in the way (season)
State of markings and signs at the time of thedacti
Traffic measures at the time of the accident (tcafijhts out of order,
temporary measures)
4. Manoeuvres:
Exact location of accident
Accident caused by not reacting in time to the fjiomc
Accident after driving up onto junction area frotatenary position
Accident resulting from loss of control of the velhi
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Accidents at junctions

Priority accidents on uncontrolled junctions

Priority or give-way accidents are defined as amuid that occur between vehicles driving on
different roads where one or both vehicles turh defright or crosses the other. Also possibly
involved are road users on parallel roads or ciyeleks, for example.

The junction and/or the give way obligation are ngcognised (in time) so the vehicle does
not give way.
a. Is the junction marked?
Is the marking in accordance with the guidelines arriers and road
marking or are these violated?
Is the view at the marking obscured by an unewew rsurface or other
circumstances?
Is the marking clearly visible under all light awéather conditions?
Does the marking give the driver the mistaken impi@n that he has
priority?
b. Are there any signs at the junction?
Do the warning signs draw the driver’'s attentioth® junction?
Are the necessary signposts in place in the evet mriority junction or
priority road?
Have bollards been installed at any traffic isléhds
Are the signposts installed in conformity with tRead Traffic and Traffic
Signals Regulations and has the installation dogen adhered to?
Are the signs clearly visible under all light andather conditions?
Is the ‘give way’ sign clearly distinguishable frasther traffic signs and/or
advertising boards from a greater distance?
Does the sign stand out sufficiently against thekgeound and is it clearly
perceptible in strong sunlight?
Is the view of the sign obstructed by plants, laogtg, trees (remember the
seasons!), signposts, travelling or stationary alekiand so forth?
C. Is there an advance warning sign?
Is the distance from the board to the junction @toadance with the
installation order?
Is the sign fitted with a sign below indicating ttlistance?
Is that distance correct?
Answer the questions under point b
d. Is there a signpost at the junction?
Is the type and position in accordance with thelglines?
Is the information clearly legible as you appro#aeh
Is the view of the signpost obscured by plants,plaosts, trees, vehicles
and so forth?
e. Is there an advance signpost?
Is the information consistent with the signpost?
Answer the questions under point d.
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f. Is the junction sufficiently conspicuous?
If not, can its conspicuousness be improved by:

Modifying the connecting curves?
Installing a traffic island with vertical elemenssich as signing, traffic
bollards or signposts that emphasise the road NySua
Locating and dimensioning the existing traffic islarso the visual
termination of the road is improved?
Painting the traffic island white?
Installing vertical elements such as plants alatey$he road to be crossed,
which do not impede the view?
Lowering the verges so the carriageway and/or cirelek to be crossed
becomes visible sooner?
Filling up holes or levelling ridges or super elégas obscuring the view of
the road to be crossed
Introducing a parking prohibition directly beforedaafter the junction?
Installing or improving the street lighting at thmction or the illumination
of the traffic signs if the accidents occur in tak?
Installing a flashing light at the position of theene of the accidents?

g. Is the junction too channelled, giving drivens tmpression that they have
priority on the road or junction?

Is the priority rule in keeping with the charactdrthe two intersecting
roads?

Are the number and size of the approach lanes dogelfor the traffic
volume?

Is there a clear transition from one approach tartbe other lanes?

If there is a median in the side road, can thishm@tened or converted into
a traffic island?

h. Does the accident analysis show that driveramitfar with the local situation

brake too fast or hard?
Is the junction noticeable in time?
Answer the questions under point f.
Is the approach speed too high?
Does the road surface have adequate skiddingaeses?

i. Do the following elements cause uninterruptedspective lines over the
junction, giving drivers the impression that theg driving on a through road or
cycle track not crossed by a road with a similanigher function?

The facade lines of buildings?

Avenues of trees, electricity and telephone potdampposts alongside the
road?

An extended route?

Slight changes in the transverse section?

Parked cars?

The road surfacing, which does not deviate in cotouexture from that of
the road to be crossed?

Repairs to wheel ruts and suchlike running overdtiael to be crossed?
Markings?

Highly channelled traffic guides in the road todoessed?

World Bank / Sustainable safe road design 15 September 2005, versién
MV/SE2005.0903 -3-



DHV Environment and Transportation

Can these lines be interrupted by:
installing a traffic island with vertical elements?
adding a background, such as barriers or treesgside the road to be
crossed to prevent the driver having a too gookwa beyond the junction?
If the road has a one-sided parking ban, introdydirto the other side of
the road beyond the junction?

Is the junction poorly visible or visible toadeas a result of a horizontal curve?
Are warning signs installed to alert the driver ttee presence of the
junction?

Is the sight obscured by earth walls, hedges, &rioees or lampposts?
Is the horizontal curve dimensioned at a smallugdio the driver has to
devote his full attention to taking the curve?

Is the junction poorly visible or visible tootéaas a result of a vertical curve?

If this is partly the result of a horizontal curtbeen answer the questions
under point k.
Is it possible to increase the curve radius?
Can road safety be improved through structuedsures?
Is the use of the junction in contradiction witle ftunction?
Is the junction in a through route?
Can the short cut traffic be excluded by takindfitameasures, such as a
left or right turn ban, one-way traffic, or possitdccess only to particular
types of traffic?
Can the signposting be revised to stop througfid¢rasing the route?
Can structural measures be taken elsewhere imé#tenetwork?

The junction is recognised, but the situation is sjudged

Are there any markings at the junction?
Is the marking in accordance with the guidelinearerthese violated?
Are the junction area and the crossings for slaffitr clearly marked?
Is the marking such that drivers hesitate whenimlgionto the junction
area?
Has the marking of the junction area recently beeanged?
Are there still remnants of old markings that migtake the driver
hesitate?
Is it necessary to install street lighting or imgedhe existing lighting to
make the marking more conspicuous in the dark?

Is there any signing at the junction?
If a crossing is used in two directions, is thgheid/identified?
Do the signs installed/to be installed conformegulations and has the
installation order been adhered to?
Are the signs clearly visible under all light andather conditions?
Is it necessary to illuminate a sign from insideot?
Do other traffic signs, trees, signposts, lamppoahicles, etc. obscure the
view of any of the signs?
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Are traffic signs so numerous that drivers are im#&dabsorb all of the
information?
C. Is the comprehensibility of the junction redutsydooor design of the traffic
islands?
Are they situated too far from the road to be oedsso drivers halt too far
before the junction area?
Do the traffic islands make the junction too highhannelled so that
possible conflicts are not recognised?
d. If there are any moped/cycle facilities, do theguce the comprehensibility of
the junction either for the car driver or the mopleter /cyclist?
Would the safety of the moped/cycle traffic be retiiif the crossings were
removed?
Are the intensities of the moped/cycle traffic dhe car traffic so high that
specific facilities are necessary, such as speygw@e tracks?
Is the crossing in a moped/cycle route?
Is the proportion of a particularly category ofdassers, such as senior
citizens or children, relatively so high that it wd be responsible to install
special facilities for them?
Is it possible to divert the slow traffic route atpother roads and junctions
so the situation as a whole becomes safer?
Are the intensities and/or speeds of the motorissftic so high that it is
necessary to install traffic lights or build thegtion as a fly-over?
Is the crossing length too much?
Is the junction in the ‘ideal’ driving line so tlfigcilities are used to the
maximum?
Is there sufficient room for the moped driver /éstcto halt before the
junction area?
If the crossing crosses a traffic island, is it &vighough for waiting moped
drivers /cyclists if they cross the road in twogsts?
Could the crossing be deflected far enough to bsideithe influence of the
junction where moped driver /cyclists have to giweey to other traffic?
e. Do the accidents occur between motor vehicldarpeds/cycles on a single-
track cycle track driven in both directions?
Is there a sufficient geuing area for turning cavets between the
carriageway and the junction?
Could the junction be deflected far enough to hiside the influence of the
junction where moped driver /cyclists have to giuey to other traffic?
Could the one-way cycle track be replaced by awag-track?
Can the return flow of the moped/cycle traffic ieedted via another route?
Is it necessary to control the junction with trafiights?
f. Is the comprehensibility of the junction redudsd
crossing pedestrians? Can they be accommodatedhelse?
stopping buses; can the bus stop be moved?
parked or loading and unloading vehicles; is itgille to prohibit parking
or stopping?
g. Can the comprehensibility of the junction be ioyed by introducing a priority
rule on one of the two roads?
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h. Are the zones of vision at the junction freenfreiew-obstructing obstacles?
Is the zone of vision the same size as or biggénesecessary stopping
visibility?

Have measures been taken to prevent view obstrulsigreventing
parking and/or stopping near to the junction?

Can view-obscuring obstacles such as long graastgltrees, masts and
kiosks within the angle of vision be lowered, mowedemoved?

i. Is the approach visibility or crossing visibjlisufficient?

Is the approach dimensioned according to the apprspeeds of the traffic
on the road to be crossed?

Has the junction area been kept as compact ashp@ssi the driver has a
good view of the crossing flow and the crossingedise is as limited as
possible?

Is the view to the left or right obscured by traffigns, signposts, bollards,
trees, parked vehicles and so forth?

If these elements cannot be removed, would it tteeadvisable to install
traffic lights?

Is the view of the through traffic on the road ®drossed obscured for a
relatively long time by traffic travelling on a Igrexit lane?

J- Is the approach visibility limited by horizontalirves in the road to be crossed?

If so, then can:
That visibility be increased by removing, moving@wering earth walls,
bushes, fences, trees etc.?
The horizontal alignment in the road to be crossedelbiewed so drivers
can react correctly to approaching vehicles incilnee?

k. Is the approach visibility limited by verticaliwes in the road to be crossed?
Is the view obscured by a combination of horizoatad vertical curves?

Answer the questions under point j above.
Is it possible to increase the radius of the vattitirves?

l. If the road to be crossed is a dual carriageaay the second lane and the

traffic travelling on it clearly visible for the assing traffic?
Would it be advisable to make the median sectidioWw@
Is it a good idea to lower the median crash ba?ier
Would it be a good idea to elevate the side roadhes car driver is looking
down on the junction, as it were?
Is it advisable to build the left-turn lanes of tload to be crossed filtering
into the median?
Is the driver’s attention distracted by too broadeav of the junction area?

m. Is the view between the car traffic and the ndépecle traffic mutually

sufficient?
Is the situation of the crossings such that theredfic crosses it at an angle
of virtually 90°7?
If there are separate cycle tracks is the visualazt between the moped
driver /cyclist and the car driver guaranteed?

n. Is the angle between the road and the road todssed such that the driver has

to turn his head a long way? If so, then can:
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this angle be adjusted to roughly 90°?
the driver be guided to an easier position by meamsffic islands?
the horizontal alignment be reviewed?
0. Is the speed of the traffic to be crossed sh thigt the drivers cannot respond
adequately? Can the speed of the traffic to besebbe reduced by:
optically narrowing the width of the road surfagerbeans of vertical
elements?
reviewing the transverse section and/or horizagtghment of the design
of the road or cycle track to be crossed?
p. Are there any overtaking vehicles on the roadet@rossed involved in the
accidents? If so, then can:
a guiding section of road markings be installechwiteft-turn lane?
a traffic island or median be installed so the tigto traffic remains in one
lane and the traffic turning left is possibly prded with a separate lane?
Overtaking be prohibited by means of signs or nmeyRi
g. Are the waiting times on the road to be crogsedong due to high traffic
volumes?
Would it be a good idea to introduce a priorityefil
Would it be sensible to install a median so thelroan be crossed in two
stages?
Is the intensity from the turning direction relaiy high?
Is the design of the junction such that the greataffic flows can be easily
accommodated?
Is it necessary to control the junction with trafights?
r. If there is a median in the road to be crosieit wide enough?
Have there been accidents between through trafficseceaming vehicles in
the median where the streaming vehicle has bedrohitbehind?
Can the median be enlarged?
S. Is there any conflict between traffic from thaesroad and traffic turning left on
the road to be crossed?
Can the marking and/or design be adapted?
Can the vehicles drive next to each other withdagicaring each other's
vision?
Is it a good idea to introduce a no left-hand tuneasure on the road to be
crossed?
t. Are there any collisions between traffic comfrgm the median and traffic
coming from the right on the road to be crossed?
Are drivers coming from the side road and waitinghie median forced to
accept too small a space because:
The median is too small to accommodate the vehicle?
They are forced to drive on by traffic approachiranf behind?
Do the vehicles stand next to each other in sughyathat they obscure each
other’s view?
Is the visibility restricted by stationary vehicliesthe left-turn lane?
Is the dual carriageway very long and thereforecoles?
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If insufficient or no measures can be takematainction to arrive at a better
assessment of the situation can road safety beiragrby means of structural
measures?

Is the use of the junction inconsistent with thedlion?

Is the junction in a through road?

Can short-cut traffic be prevented by means ofitrafieasures, such as no
left or right turn, one-way traffic, if necessany specific traffic types only?
Can the signposting be revised so that througfidnad longer uses this
route?

Can structural measures be taken elsewhere im#tenetwork?

Accidents with turning traffic on uncontrolled juntons
This means accidents that occur between vehi@dgslting on the same road where one or both
vehicles turn left or right. This also involves vebs travelling on parallel roads and cycle
tracks, for example.

Accidents with traffic approaching from the rear

oo
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Is the junction not recognisable in time, paftdy for drivers unfamiliar with
the area?

Is the junction recognisable in time but theigiess incorrectly interpreted?
Do the accidents involve two or more motor vifse

Does the design of the exit lanes conform to thdeajimes?
If no separate exit lane can be built for turnirggfic then can the lane be
widened so the vehicles can pass each other atgeed, i.e. a passing
lane?
Can traffic measures provided elsewhere in the nedgork:

to reduce the intensity of the turning traffic?

turning left to be prohibited?

Do the accidents involve moped/cycle traffictioa carriageway?

Are the radii of the connecting curves too largeéhsotraffic turns off at too
high a speed?

Can turning traffic be better channelled by ingtalla traffic island?

Is the difference in speed between the car traffid moped/cycle traffic too
great?

Can the speed difference be reduced by adaptindetsign, horizontal
alignment and cross section?

Are separate moped/cycle facilities necessaryarfahm of compulsory or
non-compulsory cycle lanes or streamed cycle tfacks

Can moped/cycle traffic be prohibited and divetednother route?

Is it advisable to introduce a no left or rightrtumeasure for the car traffic
or moped/cycle traffic?

Do the accidents involving moped/cycle trafficar on the cycle tracks?

Is the presence of the cycle track alongside thd omnspicuous?
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Is the turning vehicle’s view of moped/cycle traffipproaching from the
rear obscured by plants, signs, parked vehicles? et

Is it advisable to situate the cycle track neawehe road to improve
visibility?

Is the streaming area between the main road ancittie track sufficient for
turning cars?

If not, is it possible to add an exit lane for ighrning traffic or can the
cycle track be further deflected to reverse thbtraj way regulation?

Do the accidents involve vehicles that have rurtlegfroad?

Accidents with oncoming traffic
a. Is the junction not recognisable (in time), arttarly for drivers unfamiliar
with the area?
Answer the questions in checklist “Right-of-way idents where the
junction is not recognised (in time)”

b. Is the junction recognisable (in time), but tlesign is incorrectly interpreted?
Answer the questions in checklist relating to tbeprehensibility of the
junction

C. Do the accidents involve two or more motor vidse

Is it clear to the driver turning left that theseancoming traffic?
Is the left turn so smooth that the driver imagihesas the right of way?
Does the driver turning left have a good view & tmcoming traffic?
Do vehicles turning left from both directions cresch other and therefore
obscure each other’s view of the oncoming traffic?
Can the median be widened or can it be modifieslich a way that the
vehicles turn behind one another?
Is the road situated in a horizontal curve or esdhiving speed high, making
it difficult to estimate the speed of the oncomirajfic?
Could taking traffic measures elsewhere in the metsvork:

reduce the intensity of the turning traffic?

enable a no left turn measure?
Do the accidents involving moped/cycle traffic ocon the carriageway?

d. Do the accidents involve moped/cycle traffitefiing on separate cycle tracks?

Do the accidents involve vehicles that have rurtludfroad?

Accidents on controlled junctions

This checklist concerns all road users (drivers gaakstrians).
a. Did the accidents occur when the traffic lighitse not working due to the
night programme or a breakdown?

Would it be sensible to have the lights workingight?

b. Is the positioning of the traffic lights optiral
Does the situation conform to the order and theeruitraffic picture?
Is the distance between the lights and the st@pdarrect?

C. Does the equipment conform to the requirements?
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d. Do people drive through red lights at times othan the beginning of the red
light phase?
Are the lights situated optimally?
Are they situated close enough to the road so dneyncluded in the
driver’s field of vision?
Do the lights stand out sufficiently against thekground at the time when
the accidents occurred?
Can the lights be clearly distinguished from taffigns and/or advertising
boards from a greater distance?
Are the lights aligned in the right direction?
Is the view of the lights obscured by plants, trégmpposts, parked vehicles
or vertical or horizontal curves?
Would it be advisable to place the lights abovertasl using poles or
gantries?
Is there a warning sign?
Is the distance between the sign and the juncti@ccordance with
the installation order?
Is the sign fitted with a board below indicating ttlistance?
Is it advisable to install a flashing yellow ligithove the warning sign?
Is it advisable to do so on both sides of the road?
Are the lights clearly noticeable in strong suntighthe time the accidents
occurred?
Are the waiting times too long?
Is the regulation plausible? In other words, asrdhvehicles coming from
conflicting directions, so it is clear to all romders why the lights are at
red?
Is the regulation vehicle actuated?
Is it still sensible to maintain the traffic lighfdue to changed traffic
situations for example)?
If the accidents occurred during the night andttagic lights were working
then should they perhaps be turned off?
e. Do the accidents occur while the lights are ghag?
Do the accidents occur just after the end of tlegiphase?
Does the green phase correspond with the traffierwe?
Is the streaming area long enough?
Is it advisable to update the phasing or to skihase?
If nearby junctions are also controlled by traffights then are they
interconnected? If so, is that connection correatljusted?
Is the capacity of the junction too low?
Can the capacity be increased by reconstructi@aothe intensity be
reduced through structural measures?
Are the detectors working properly?
Do the detectors detect all vehicle types?
Has the detection system been well chosen?
Does the road surface have adequate skiddingarse?
Do the accidents occur at the beginning of thepteake?

15 September 2005, versibn World Bank / Sustainable safe road design
-10 - MV/SE2005.0903



DHV Environment and Transportation

Has the duration of the amber phase been adjustibe approach
speed (50 or 70 km/hr)?
Are the clearance times properly dimensioned?
Is the speed of approach higher than 50 or 70 Km/hr
Is it advisable to lengthen the duration of theegrphase by means of
speed detection to such an extent that a vehislngrtoo fast has
passed the junction before the red phase?

f. Do the accidents involve people turning left whéhe regulation is not conflict-

free?

Is there sufficient room at the junction so sometmeing left can position
his vehicle in such a way that the through trafioot obstructed?

Is a left hand streaming area necessary?

Is the junction so large that those turning lefindd recognise the conflict
with ongoing or left-turning traffic coming frometother direction?

Does traffic turning left try to move off beforeetlongoing car, moped/cycle
and pedestrian traffic?

Is the view of those turning left restricted by iads waiting in the opposite
left-turn lane or a curved stretch of road?

Is it advisable to regulate the left-turn traffica conflict-free manner?

Do those turning left misjudge the approach spdédeocar and
moped/cycle traffic?

Is it necessary to divert left-turning moped dril@yclists onto separate
cycle tracks?

Is it necessary to regulate pedestrians and moypest deyclists in a
separate phase?

Are there left-turning road users involved in tleeidents that are waiting
for a convenient gap and expect the oncoming cdinawped/cycle traffic
to stop at a red light?

Could one of these directions be stopped earlier?

g. Do the accidents involve people turning righewehthe regulation is not
conflict-free?

Is there sufficient room at the junction so sometmeing right can position
his vehicle in such a way that the through trafioot obstructed?

Is a right hand streaming area necessary?

Is the junction area so large that those turnighjtrdo not recognise the
conflict with pedestrians and moped/cycle traffic?

Does car traffic turning right try to move sidewdyefore the ongoing
pedestrian and moped/cycle traffic?

Does the traffic turning right have an adequatevwaé the moped/cycle
traffic?

Can the manoeuvre to turn right be simplified byiaving the design of the
junction (connection curves, cycle tracks and sthj@

Is it advisable to give pedestrians and moped/dyaféc a head’s start?
Could one of these directions be stopped earlier?

Can the regulation be made conflict-free?

h. Do the regulation facilities used cover the isguents of the current traffic
picture?
World Bank / Sustainable safe road design 15 September 2005, versién
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Can the facilities of the regulation system be ectézl?

Should the regulation system be replaced?

Should the entire traffic control system be reptice

Should the junction be constructed to facilitatéropl use of the regulation
system facilities?

Accidents on road sections

General questions concerning the layout of the road
a. Marking

Is the marking in accordance with the guidelinebare they been
consciously deviated from?
Is the marking clearly visible under all light awéather conditions?

b. Signing

Is the signing in accordance with Road Traffic andffic Signals
Regulations and has the installation order beeeradhto?

Are the signs clearly visible under all light andather conditions?

Is the sign clearly distinguishable from other ficafigns and/or advertising
boards from a greater distance?

Does the sign stand out sufficiently against thekgeound and is it clearly
perceptible in strong sunlight?

Is the visibility of the sign obscured by planenlpposts, trees (remember
the seasons!), signposts or parked vehicles?

c. Cross section

Are the lanes wide enough in view of the road type?

Does the number of lanes correspond with the traffilumes?

Is it necessary to install an edge strip or widengresent one?
Is the road surface flat enough and does it haeguate skidding
resistance?

Is the shoulder wide enough and does it have seffticapacity?
If there is a median then is it wide enough?

d. Horizontal alignment

Is the current driving speed in accordance withattiginally designed
speed?

Are the straight stretches too long?

Are the curves radii correct?

Is it necessary to construct transition curves?

If the curve is a composite curve is this then mamnient for the road
traffic?

Has any super elevation been applied?

Has the road been widened on the curve?

e. Vertical alignment

15 September 2005, versibn
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Is the combination of a horizontal and a vertiaalve well chosen for
driving?

Accidents on straight stretches of road

Accidents on straight stretches of road involvingd or more vehicles
a. Are the accidents the result of changing lanevertaking?
NB: Accidents resulting from changing lane are éhashere vehicles travelling
in the same direction were not in the same lartebjefre the accident.
Accidents resulting from overtaking are those whaslgicles travelling in the
same direction were in the same lane just befaratident.
Is the overtaking sight distance adequate?
Can those vehicles travelling too slowly in relatto the rest of the traffic
be diverted to a parallel road or prohibited?
Do the accidents occur at or after a point in dedrwhere a no overtaking
regulation is cancelled, where there is a largerdverse section available,
after the end of an obscure horizontal and/or e&rurve, a reduction in
traffic intensity or the end of a speed restriction
Can the traffic measures be extended to a pointenhés safer to overtake?
Is the intensity of the oncoming traffic duringetlay such that there are
insufficient gaps in the traffic for safely overiag?
Is it advisable to prohibit overtaking?
b. Do the accidents result from speed differencegr{end collisions)?
Can the vehicles travelling too slowly in relati@nthe rest of the traffic be
excluded?
Do the accidents resulting from vehicles turninfyoafcur at minor side
roads or entries? Could a parallel road be built?
Are the accidents the result of pedestrians or mhajpizrer /cyclists crossing
unexpectedly?
Can crossing be concentrated at a few clearlyngjsishable points?
Does the road have adequate skidding resistance?
C. Do the accidents involve vehicles travellingpposite directions?
d. Do the accidents involve moped drivers /cychists
In view of the volumes of and the speed differermetsveen car and
moped/cycle traffic, is it acceptable to have maieidycles on the
carriageway?
Can the transverse section be so revised thatatefdacilities (compulsory
and non-compulsory cycle lanes and cycle tracks)oeaprovided?
Is the use of the compulsory and non-compulsorjeckane in line with the
function of the road?
Is the width of the lane sufficient?
Could improvement of the evenness and/or adjustiethie colour and
texture of the pavement discourage moped/cyclédradm using the lane?
Is the lane blocked by parked vehicles so that mMajpivers /cyclists are
prevented from using the lane?
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Is it advisable to replace the non-compulsory cate with a compulsory
lane?

Is it advisable to build lay-bys or introduce nakiag?

Is the non-compulsory cycle lane recognisable &ordrivers under all light
and weather conditions?

If accidents are caused by motor vehicles crogfiegycle lane to lay-bys
or entrances, can the presence of the lane be sispidy:

increasing the frequency of the bicycle symbol

making the pavement of the lane different in coland texture?

Giving the entrances a compact design

Is the moped/cycle traffic conducted along adjacerseparate cycle tracks?
Is the presence of the cycle track recognised éy#n driver?

Do the accidents involve vehicles that have gofieairse?

Do the accidents occur next to exits?

Can the cycle track be made more conspicuous thrtheycolour and
texture of the pavement

Can the median between the cycle track and theagaway be
enlarged so that traffic crosses in two stages?

Is it advisable to remove the cycle track?

Can the cycle track be replaced by a parallel road?

Do the accidents involve cyclists crossing to thiédings alongside the
road?

Is the number of crossing moped driver /cyclistiasge that a
separate facility other than a compulsory or nomygolsory cycle lane
is not advisable and that the car traffic volumeusti be reduced?

Could separate cycle tracks be built where crossingly permitted
at certain points?

Is it necessary to make the crossing safer wittkimgs, signs or
traffic lights?

Can parallel roads be built?

Accidents on straight stretches or road involvinglp one (moving) vehicle

a. Do the accidents involve vehicles leaving thelfo
Is the driver’s attention level too low as a resila long stretch of straight
road?

Could there be any sudden side wind?
Could there by any optical deception caused bystoedampposts, either in
daylight or in the dark?
Can the traffic be guided better by adding marlgogts, fences and
suchlike?
Is there a poor road surface (ruts, aquaplaniragks)?
Could the speed be influenced by
optically narrowing the carriageway by adding \aatielements?
revising the transverse section?
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revising the horizontal alignment?
b. Do the accidents involve fixed obstacles?

Can the obstacle be removed or moved?

Can the obstacle be made passively safe by medneak construction’?
Is the obstacle or the danger zone guarded wittiedysbarrier construction?
Is the type and position of this construction io@dance with the
guidelines?

Is the obstacle a traffic island or traffic guide?

Is the traffic island or traffic guide within theider's expectation pattern?
Can the conspicuousness of the traffic islandadfitrguide be improved by
vertical elements?

Is the street lighting adequate?

Is it advisable to remove the traffic island offficaguide?

Is it a good idea to add an edge strip at the iloeatf the traffic guide?

C. Do the accidents involve a parked vehicle?

Is there sufficient room for passing traffic?

Is it advisable to introduce parallel parking irmstef perpendicular parking?
Is the parking properly controlled?

Is the transverse section well laid out?

Is it advisable to build lay-bys?

Is the street lighting adequate?

Is it advisable to introduce parking restrictiomstmth sides of the road?

d. Do the accidents involve moped drivers or cysHs

Is the height of the curbstones appropriate?

Do people park in the non-compulsory cycle lane?

Is it advisable to prohibit parking by replacing thon-compulsory cycle
lane with a compulsory cycle lane and making ibgarking zone?

Can the compulsory or non-compulsory cycle lanecipdaced with a
separate cycle track to prevent conflict with casgengers getting in and
out of their vehicles?

Can moped/cycle traffic be prohibited at this pand led along parallel
routes that are safer?

Accidents in horizontal curves

Accidents that occur in horizontal curves are gelhenot the direct result of the horizontal
curve itself, but of the interaction between theveuand a straight stretch. Therefore first
answer the questions in the checklist of accidentstraight stretches of road (above) and then
proceed to the specific questions on this checKlisése questions apply to both accidents in
horizontal curves involving two or more vehicleglahose involving one (moving) vehicle.

a. Do the angular displacement and the dimensibtieaurve correspond with
the expectations of the driver and is the curvegaisable (in time)?
Are there any warning or advance warning signs?
Is there any optical deception?
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Can the conspicuousness be improved by means &frmgamarker posts,
shields, fences or other vertical elements?
Have the vertical elements been installed on thsidel of the curve?
Is the street lighting adequate?
Is the overtaking sight distance adequate?
Can visibility be improved by moving, removing omlering trees, plants,
fences, posts, earth walls, etc.?
Is it advisable to prohibit overtaking or indicateecommended speed limit?
Can the horizontal alignment be improved?

b. Is it advisable to protect the separate cyelektin the curve with a safety

barrier construction?

Accidents in vertical curves

Accidents that occur in vertical curves are gemgradt the direct result of the vertical curve
itself, but of the interaction between straighésthes, horizontal curves and vertical curves.
Therefore first answer the questions in checkbsisve for accidents on road section and then
proceed to the specific questions in this checklibese questions apply to both accidents in
vertical curves involving two or more vehicles autidents involving one (moving) vehicle.

Is there sufficient visibility?

Does the horizontal curve start after the highesttgn the vertical curve?
Can the course be made clear by using trees, lastgppod so forth?

Can the horizontal alignment be placed before tgkdst point so the driver
has a better impression of the course of the road?

Is the alignment of the road not visible from arsldistance but it is from a
longer distance?

Can the linking of the vertical curves (crest cera@d sag curves) be
replaced by one large curve?

Accidents involving pedestrians

Accidents at uncontrolled junctions

a. Is the best place to cross indicated with mgdén

b. Does the junction have pedestrian crossings?
Is the marking in accordance with the guidelines?
Is the presence of the pedestrian crossings jedfi

C. Is the crossing recognisable to crossing traffic
Is the car driver’s view of the pedestrian adequate vice versa?
Have extra measures been taken to prohibit padiigor stopping near to
the crossing?
Is it necessary to install extra lighting?
Is the crossing in the ideal pedestrian desirediméhe facility is used as
much as possible?

d. Is there a traffic island or refuge?
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Is it wide enough, particularly for people in inidbatarriages, with
pushchairs, etc.?

Can the crossing length be restricted by other oreassuch as narrowing
the carriageway?

e. Is there enough room for the pedestrians to atdfie crossing?

f. Is the speed of the traffic to be crossed tahfilf so, can it be reduced by:
Installing speed ramps, dips in the direction efflow and narrowing the
road?

Visual narrowing of the carriageway by installingrtical elements?

g. If the crossing were removed, would that jeopsarthe safety of pedestrians?
Do the volumes of the vehicle and pedestrian traféicessitate specific
facilities?

Is the proportion of a particular category of reser, such as children or
senior citizens, relatively so high that it woulel &dvisable to provide
special facilities?
Is the crossing on a pedestrian route?
Is the intensity of pedestrians high for only arsiperiod so that traffic
measures, such as a police officer or crossingevangdould suffice?
Does the facility fit in with the design as a wile
h. Are the waiting times for pedestrians too long?
Can crossing take place in two stages by instaflinigffic island?
Can the crossing length be restricted by narrowliegoad?
Should the crossing be made safe with traffic Bght
Can the crossing be made as a fly-over?
Is the crossing part of a pedestrian route?
Can this route be changed to make it safer?
i. Do the accidents occur between motor vehiclasapeds, turning left or right,
and pedestrians?
Can the driver’s view of the pedestrians be impdave
Can the speed of the moped and car traffic be estwith smaller
connection curves?
Is it necessary to control the crossing with tafihts?
Is it advisable to prohibit turning off in one oone directions?
Is it advisable to make the traffic one-way?

Accidents on stretches of road

Accidents on stretches of road where pedestriansaalking parallel to the road axis

a. Are the intensities so limited, and is the défece in speed from that of the car
and moped traffic so slight, that pedestrians heecarriageway?
b. Are there any separate pedestrian facilities?

Is there a footpath on one side?

Is it a good idea to add a footpath on the othai

Is the path wide enough for pedestrians not to hawese the carriageway
at particular busy times?

Is the footpath used for displaying goods, parking so forth?
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Is the path of sufficiently high quality?

Is the path well lit?

Are the entrances and exits for pedestrians cleadyggnisable?

C. Are pedestrians inconvenienced by passing caropred/cycle traffic? If so,
then can:

the speed be reduced?
the footpath be situated further from the carriaggwar cycle track?

a physical separation be provided?
the intensity of the car traffic be reduced?

Accidents on stretches of road involving crossingdestrians

a. Is there a concentration of crossing pedestaanse point?
Is the crossing indicated by signs?
Is it advisable to force pedestrians to use thissing place by using safety
barriers?
Has the pedestrian route changed over the coutsmeafdue to a
supermarket, for example, so the existing crosshrauld be moved?
Do the accidents involve pedestrians coming frdoousastop?
Is it necessary to control that particular crossini traffic lights?

b. Is the entire stretch of road frequently crodsgeg@edestrians at various places?
Can the speed of the car and moped traffic be estlbg narrowing the
road, dips in the carriageway and speed ramps?
Can the stretch of road be rebuilt into a home 2one

c. Do the accidents involve pedestrians emergioig fioetween parked vehicles?
Can the parking facilities be interrupted at reguigervals?
Is it advisable to change the parking facilities; €&xample perpendicular
parking on one side instead of parallel parkindoth sides?
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Number of accide!

Day

Date

Time

Number of involvec
objects

Number of victim

Picture of manoeuvre|

Main cause of collisio|

Road user 1, age

Road user 1, transpo

Road user 2, age

Road user 2, transpo

—

Light condition

Weather condition

State of road surface

iAlcohol use

Remarks
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APPENDIX 3 MATAC: Worksheet manoeuvrediagram

MATAC Manoeuvre diagram

Road Authority

Location
Road user Movement Time-period

--—-b Pedestrian —_— Straight on Priority Time:

—.—V Bicycle —P{ Halt v

—H—P Motor bike —PP Parking

——> Moped / scooter e Turning

> Motor vehicle Intensity'

00— Heavy vehicle —"\—p Overtaking .

—.—V Agricultural vehicle —  U-turn

—E—> Delivery bicycle and other vehicles A,W; Out of control; skid

g Tram/ train f Change lane

SRy

Animal
{%» Reversing back
[ ] Lose object
. Fixed object ? Location unknown
6 Accident with Material damage No. of accidents:
only
with fatalities:
@ Accident with injuries with injuries:
with m.d.o.:

A\ Accident with fatality
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APPENDIX 4 MATAC: Worksheet Time analysis table

Road Authority:

Location:

Accident type:

Hour:

Day:

Year Monday Tuesday Wednesday Thursday Friday Saturdiayunda?y Total

Total

Month

Year Jan Feb | Mar| Apr| May| Jun Jul Aug Sept Oct Nov  Dec tall

Total
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APPENDIX 5 MATAC: Worksheet analysis overview

Road Authority | Location |

Type of accident

Ne° Characteristic Observation Conclusion

Hypothesis 1: i.r.t.
Hypothesis 2: irt.
Hypothesis 3: i.r.t.
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APPENDIX 6 MATAC Worksheet Analysis summary

Road Authority | | Location: |
Type of accidents: |
Hypothesis | Check hypothesis (researds hypothesid Cause off Measure
on location) correct accident
World Bank / Sustainable safe road design 15 September 2005, versién
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Examples of cost items for road safety nasures

Measure

Explanation

Cost and benefits

Road, traffic and
accident data

general activities, aimed at the creat
and management of a traffic and accid

amnnual revolving cost;
ef#cilitating other measures

collection data base so no direct benefits
Road safety systematic road inspection by safetyost calculated on an
inspection experts of the measures taken and are |panhual basis; facilitating

of the evaluation (the “E” in the POGS
approach)

Bther measures, so no
direct benefits

Black spot treatmen

t systematic black spot identification a
analysis and drafting of a working list
black spots (see chapter 3)

hdost and benefits derived
ofrom the definition of the
specific measure

Organise POGSE
approach with
stakeholders

road owners will take the lead in bringir
stakeholders together and go through
steps (see chapter 2)

ngost calculated on the bas

tloé time spending by safety
experts; facilitating other
measures, so no direct
benefits

is

Road safety impact
assessment

to investigate the benefits on road safety
proposed infrastructural projects; th
includes the road safety audit as perforn
by road authorities

obst calculated on the bas
isf time spending by safety
necperts; benefits cannot b
determined in a general
sense

is

D

Traffic calming on

to reduce speed and to discourage the

wsest derived from the

11%

minor roads of through traffic definition and design of th
specific measure; benefits
estimated on basis of
experience

Building to avoid large differences in speed gmbst derived from the

roundabouts instead direction definition and design of th

of junctions; specific measure; benefits

estimated on basis of
experience

11%

Safety barriers at
hazardous locationg

to protect drivers from fixed objects alo
the road side

ngost derived from the
definition and design of th
specific measure; benefits
estimated on basis of
experience

11

Speed inhibitors on
approaches to
junctions

to reduce speed of approaching vehicles
narrowing driver's sight and diminishin
comfort

bgst derived from the
gdefinition and design of th
specific measure; benefits
estimated on basis of
experience

11%
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Lane separation

to prevent or discourage overtakmng
two-lane two-way roads

cost derived from the
definition and design of th
specific measure; benefits
estimated on basis of
experience

11

Uniform signing
and marking of
sharp bends

to achieve a uniform system for all of
Europe

investments estimated per
country once system is

defined; benefits estimate
from present accident data

L

Automatic
enforcement of
speed violations

to intensify control and use available
police manpower more effectively

cost of required equipment
calculated; benefits
estimated on basis of
experience

Closing down roads

for slow moving
traffic

to avoid mixing of different types of traffi

coddsrived from the
definition and design of th
specific measure; benefits
estimated on basis of
experience

11%

Maintenance of roa
safety features

i to keep functioning of constructed and
installed road safety measures (may for
some measures be combined with road

safety inspections)

costs calculated on a yearly
basis; facilitating other
measures, so no direct
benefits

15 September 2005, versibn
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APPENDIX 8 Arithmetic method to calculate annual investment cost

This method assumes that the funds for the investere commercially borrowed (e.g. from a

bank). Refunding of the loan takes a pre-fixed neindf years (term or duration of the loan)

and is in equal amounts per year. The annual anmmndists of one part for refunding and for

another part of interest over the remaining sunthefloan. As the remaining sum of the loan
decreases the interest amount will also become Hmsever, the method assumes a fixed total
amount per year. This is what the calculation isuab

The notations in the formulas are:

Z:  parameter for the present value of a loan wiftem ane year the total amount is one
currency unit (e.g. 1) for refunding of the loan plus interest

R: interest rate

t: length of the term or the duration of the loaryears

A:  annual amount

L: amount of the loan (i.e. capital cost of theastment)

The present value is calculated as follows: 1
7=
1+R

The value Z is used to determine the annual amdinis.is found with the formula:

L*(1-2)

z*(1-2
For example:
At a junction traffic lights are installed at a ta$ 80,000.--. The interest rate is 10 % and the
estimated lifespan is 10 years. What is the ancayzital cost for the investment?
Z=1/(1+0.1) =0.9090909
A =180,000 * (1 — 0.9090909) / 0.9090909 * (1- ®0009% = 13,019.63

So the annual capital cost for the cost benefilyaimis 13,019.63

World Bank / Sustainable safe road design 15 September 2005, versién
MV/SE2005.0903 -1-






APPENDIX 9

DHV Environment and Transportation

Reduction of number of accidents for varbus types of measures

Percent change in number of
injury accidents

Safety measure Context of application Lower Best Upper
95 % estimate | 95 %
Construct roundabouts Three arm suburban junctions -45 -30 -5
Four arm suburban junctions -50 -40 -30
Black spot treatment Single black spot -40 -30 -20
String of black spots -20 -10 0
Separate truck lanes Reserved lane on multilardsroa -30 -20 -10
Install new road lighting Previously unlit roads:
— fatal accidents -75 -65 -50
— injury accidents -33 -30 -25
Upgrade road lighting Roads with substandard lighti -25 -15 -5
Install shoulder rumble strips Motorways and maotads -45 -25 -5
Upgrade pedestrian crossing Simple marked pedestirassings -50 -35 -20
Create 30 km/hr zones Access roads presently highier -30 -25 -20
Limit speed on junctions Reducing from 80 to 70 fim/ -10 -6 -2
Reducing from 80 to 60 km/hr -15 -10 -5
Promote daytime running lights Intrinsic effect &ach vehicle -25 -15 -5
Increase in use rate of 30 % -8 -5 -2
Increase in use rate of 60 % -15 -9 -3
Promote rear seat belts Intrinsic effect for easdr u -40 -25 -10
Increase in wearing rate of 30 % -12 -8 -3
Increase in wearing rate of 60 % -25 -15 -6
Train child pedestrian Children 6 — 9 years -20 -10 -5
Children 6 — 12 years -30 -20 -10
High mounted brake lights Intrinsic effect for eaathicle -25 -15 -5
Increase in use rate of 30 % -8 -5 -2
Increase in use rate of 60 % -15 -9 -3
Driver side airbags Intrinsic effect for each user:
- belted -25 -15 -5
- unbelted -35 -25 -15
30 % of cars equipped (70 % belted) -10 -6 -2
60 % of cars equipped (70 % belted) -20 -12 -4
Provisional licenses Effect for each driver (tworgga -15 -10 -5
License withdrawal for driving Effect during withdrawal period -50 -40 -30
under influence
Ordinary police enforcement Maximum potential bésef -40 -25 -10
Moderate increases in activity -20 -10 0
Automatic enforcement Specific road and type ofation -40 -25 -10
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APPENDIX 10 Examples of cost-benefit analysis

Example 1
On a junction with right-of-way at location X dugra three-year period, 15 accidents have been
registered. These accidents can be categorisedl@s<o
- five right-of-way accidents; the junction was netognised as such in time;
four right-of-way accidents where the situation was$ judged properly at the moment of
entering the crossing itself;
three accidents with pedestrians run over whersargshe right-of-way road;
three accidents of non-dominant types.

Imagine, after analysis of the accidents clusterftfiowing possible measures arise:

1. Construction of a roundabout, preventing 40 %hefaccidents in three years, costing the
amount of 80,000.--. The lifespan (value of statistical)life 10 years.

2. Construction of medians in the main road; timspéifies crossing the right-of-way road for
pedestrians as well as other road users. Withnileasure 30 % of the accidents in three
years can be prevented; the cost afé,000.--. The lifespan (value of statistical)ife 25
years.

3. Construction of a median with bollards in theesioad, in order to increase the visibility of
the crossing. It is estimated that 20 % of the dextis in three years can be prevented with
this measure; the cost are,000.--. The lifespan (value of statistical life25 years.

Refer to the table at the end of this appendixutim 3 has the best cost-benefit ratio for
location X and therefore has the first priority.dase measures need to be taken on more than
one location, for all locations the most approgriateasures are determined. Next is determined
at which location the first measures are taken. ilfgstration purposes the data of two other
locations, Y and Z are included in the table. Obsipumeasure 2 at location Y has the highest
priority, before measure 3 at location X.

Example 2
The second example is a simplified method. In doregre five black spots. All concern give
way accidents with severe side collisions. The caaisght blocking by traffic using the right
exit lane. The objective of the measure is to redeitances of sight blocking. The cost must
remain within the available budget, which i20,000.—for three years. Possible solutions are:
Solution A: Remove the right exit lane at one blapkt only. The cost are20,000.—and the
estimated effect is a reduction of 3 injuries and €atal accidents per year.
Solution B: traffic signs and markings for all fiséack spots. The cost and benefits (reductions)
are:

5X 2,000.-- = 10,000.—for year 1 and 5 injuries

5X 1,000.-- = 5,000.—for year 2 and 4 injuries

5X 1,000.-- = 5,000.—for year 3 and 3 injuries

The calculation is as follows.

Solution A: Three fatal accidents less: 3 X 10=30
Nine accidents with injuries less: 9X5= 45
Total: 75
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The effect of an investment 0f20,000.—spent per 1,000.—is: 75/20 = 3.75

Solution B: Twelve accidents with injuries less:2 X5 = 60
The effect of an investment 0f20,000.—spent per 1,000.—is 60/20 = 3.00

So solution A gives the best cost benefit effect.
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(three alternatives), Y (two alternatives), Z

Location |Measure |[nvestment |Lifespan Chpital cost Maintenance Tofa | cost Accidents Reduction | Effect Priority
(Name) (No.) () (yrs) ( lyn ( 1yn) ( 1yn fatal inj mdo total % rank)
a. b. C. d. e. f. g=e+f h. i j.* k.

1 80.000,00 10 13,019.60 1,000.-- 14.019,60 3 5 8 16 40 0,00060 5

X 2 10.000,00 25 1,101.68 100.-- 1.201,68 3 5 8 16 30 0,00524 3

3 4.000,00 25 440.68 100.-- 540,68 3 5 8 16 20 0,00777 2

Y 1 12.000,00 25 1,322.02 150.-- 1.472,02 0 0 3 3 50 0,00034 6

2 6.000,00 25 661.01 75.-- 736,01 1 4 6 11 60 0,00978 1

Z 1 15.000,00 25 1,652.52 200.-- 1.852,52 0 4 6 10 40 0,00187 4

*: example of the calculation of effects
((3/3*10+5/3*5+8/3*1)*40/100)/14,019.60 = 0.00060
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GLOSSARY

Term

Description

30 km/hr zone

Traffic Calming area

Acceleration length

Length needed by a vehicle ¢togase its speed comfortably

access function

Allow vehicles to depart and arrive from an indivad dwelling
shop or company while ensuring the safety of theestas a meeti
place

Alignment Spatial line containing the geometrical elementsastituting th
basic design of a road or a road section
Bank Nearly flat, not paved part of an embankment, neind a cres

difference is made in banks between carriagewaythendifferen
directions (better called medians), side banks, dyéween ma
carriageways and other carriageways (better caflegarators
upper and lower bank (in earthworks)

Block markings

Road markings, consisting of blocks with a widthovier 0.25
applied in a longitudinal pattern

Branch connection

Convergence point where two carriageways with thees desig
speed converge to one carriageway and where frorh
carriageways one or more lanes continue beyoncdéhneergend
point

Capacity

Calculated manum number of vehicles passing through a ce
point or location at a traffic lane or carriagewawpder certai
conditions or digested by a homogeneous road sectio

Carriageway

Coherent part of a traffic route intended for driyitraffic and boun
by two consecutive boundaries in the shape of age elihe
pavement transition or a paved/unpaved transition

Centre line

Axis of the road, not necessarily the centre ofaari@geway, t
which the particulars of the alignment are allodate

Clearance zone

Part of the road, adjacent to the carriageway, &leshoulder
lacking, to provide space to stranded vehicles

Connection

Part of the road network located between two ifi@nges of roa
of the same or a higher function

Connection curve

Curvedonnection line between the edges of pavement o
roadways with different directions at an intersattior in the
connection of two carriageways

Connection road

Carriageway, not being a main carriageway, intargbaor parallg
carriageway, constituig the connection between two of
carriageways at an intersection or interchange
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Convergence point

Point or area where two carriageways intended faifi¢ in the
same direction join with a flat angle and transitido ong
carriageway

Cross section

The vertical profile of the axis of the road

Cross fall Positive elevation of the pavement perpendiculatheocenter ling
required to ensure drainage of water to the eddglesopavement

Crossing Meeting point of roads where trafficnist allowedto exchang
directions. At-level and split-level crossings drstinguished

Curve Gradually arched line in an alignment or graduallghed part of

road section

Curve widening

Extension of the width of the road in a curve toccammodate fq
the dragging of long vehicles

Deceleration length

Length needed by a vehicleetoahse its speed comfortably

Decision point

Point or location where the driver has to decidestivar or not h
can change his direction, based on informationivede(from trdfic
control devices, i.e. signs, signals, markings)

Design speed

Speed adopted in the design phase to determineminana
requirements to enable individual vehicles to drisafely an
comfortably

Distributor function

For the distribution and colldon of traffic to and from differe
districts and residential areas

Divergence point

Point or area where a carriageway transitions witlat angle to tw
carriageways intended for traffic with the sameioial direction

Division markings

Longitudial marking, separating lanes for traffic in thems
direction and defined as a single continuous lasea single dash
line, as a combination of a continuous and a daginedor as
block marking

Driving sight distance

Distance the driver has toe able to view to drive in a safe
comfortable manner.

Dwelling residential area
Earth slope Grading surface of a cut or fill
Edge line Longitudinal marking, dividing the carriageway irdgpart intende

for driving traffic and non-driving trafi and defined as
continuous line

Edge markings

Single continuous line marking on the pavement,asgmg
through lane for traffic from pavement areas noantéor traffic
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Entrance

Point or location where access of traffic to theotiyh lane i
possible with an area of influence where the traffamv on thg
highway is disturbed

Entrance ramp

Connection road leading from one road to anothad raf a highe
category

Entrance terminal

Lane of limited length at thealbmn of a convergence oo,
adjacent to a through lane of a carriageway, st the drivin
direction at the extremity of the ramp nose anénded to allo
traffic from a ramp to increase speed before emjethe throug
lane

Escape space

Space next to the shouldebandd to the pavement, intended
stranded vehicles, to keep the shoulder free ahiasipossible

Evading sight distance

Distance the driver has to be able to observe olestato recogniz
these and to evade these

Exit Point or location whereublet of traffic from the through lane
possible with an area of influence where the fttaffow on thg¢
highway is

Exit ramp Connection road leading from one road to anothad rof a lowe
category

Exit terminal Lane of limited length at the locatiof a divergence point, adjac

to a through lane of a carriageway, ending in thidrdy direction a
the extremity of the ramp nose and intended tonatiaffic from &
ramp to decrease speed before entering the exit ram

Flow function

Vehicles move rapidly and uniterrupted

Fly-over

Structure being part of a carriageway leading #idrdlow over
more than two other, conflicting traffic flows

Grade length

Horizontal distance between the intersection podfitthe tangen
of the upper and lower curves

Gradient The quotient of the level difference, being the ieait distanc
between the intersection points of the tangentshef upper an
lower curves and the grade length, expressed ascamage

Guard rail Ribbon shaped construction goiiding errant vehicles, compose
metal beams, cross supports and posts

Gutter Paved open discharge for drainage water

Hazard zone

Area along the carriageway with alesta

Interchange Meeting of roads in form of cross, tredfic is not allaved ta
change roads, At-level and split-level interseaiare distinguished
Interchange Location where exclusively highways buckle and acumaation

to change direction are provided
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Interchange carriageway

Carriageway at an intexgphaor conneabn, parallel to a ma
carriageway, starting and ending at that carriageaval facilitating
entrance, exit and weaving motions

Intersection Meeting point of roads where traffic is allowed #xchang
directions. At-level and split-level intersectica® distinguished
Junction Split level connection of a highway with an artes&reet or othg

road not being a highway.

Junction distance

The distance between two consecutive junctions roe

Lane Bound part of the carriageway sufficientlydevfor one chain ¢
traffic meant to use that part of the carriageway

Loop Approximately circular shaped connection road insgit leve
interchange or junction

Lower bank Bank, not being a side bank, adjaceiite¢ bottom of an earth slo

Main carriageway Carriageway intended for throtrglffic

Major fork Divergence point where one carriageway splits into more or les
equal carriageways with approximately the samegdespeed

Median Bank between two carriageways with oppatiteng directions

Obstacle-free zone

The distance from the inner side of the edge maskinmperei
almost all vehicles remain when entering a flappsrtive bank arn
where no obstacles are placed

Overtaking sight distance

Distance the driver has to be abteview to overtake another rag
user travelling in the same direction

Parallax

Misleading view on a road section because the driegeive
information not meant for him, but for traffic omet adjacer
carriageway or lane

Parallel carriageway

Intdmeange carriageway covering two or more interchangy
connections

Perception/reaction time

Time required to observe an event, digest the obterv an
subsequently determine the necessary reaction

POGSE Approach to systematically analyse probRmblem-Origin-Goa
Solution-Evaluation

Radius Value of the circularly curved elementiinadignment

Ramp nose Surface marking at the location of a convergencealisergenc

point, shaped as an elongated triangle

Recovery area

Paved area of limitaddth, located along the carriageway
intended to enable drivers to correct their course

Reverse flow carriageway

Lane alternately intended for traffic in either dtien, dependent ¢
the traffic density
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Road category

Classification of road acecding to road function within total ro
network which are recognizable for the road user

road function

In a road network each road has one principle fanand can ha
secondary functions. The three functions are: fldigtributor o
access function

Road character

The information the road user is given at any momantime
according to the design of the road (including ggsting, marking
etc) and its surroundings

Road type Design of the road within a road category

Roundabout . . L o .
Roundabout, withraffic travelling in one direction. Traffic on t
roundabout has priority over the traffic wanting join the
roundabout

Rural area An area is called rural when surrounding landusemainly
agricultural

Section Part of the road length with homogeneosoad and traffi

characteristics, not influenced by convergencedinergence poin
or weaving sections

Section speed

the average speed of a passenger vehicle on dispecition, whic
with good road and traffic conditions can be atdirwith cleg
visibility and good weather conditions

Separator Bank between parallel carriageways not being bothin
carriageways

Shoulder Paved lane along the carriageway of a highway wiereng o
stopping is only allowed in case of emergency

Side bank Bank adjacent to the carriageway

Side ditch Ditch along the side bank of a carriaagew

Side strip Paved strip between the shoulder or the recovexy and the wall
parapet of a structure

Sight distance

Distance the driver has to be able to view theaaahead or t
distance at which a driver can spot an obstacle

Space profile

Profile indicating the space in the cross secti@guired by th
traffic while in motion

Spacing Extra width of the single lane exit or entrance teahon the spot
the extremity of the ramp nose
Phasing step-by-step construction or reconstruction of road

Stopping sight distance

Distance the driver has to be able to view to ols@bstacles,
recognize these and to bring the vehicle to a halt

Straight

Straight line in an alignment
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Super elevation

Elevation of the pavement in a curve perpendicadhé center lin
to take care of centrifugal forces on vehicles &nuinprove sight ¢
the curve

Alignment

horizontal and vertical structure of ekmts and theposition an
path of the road in the environment

Transition curve

Transition between a straight amdrve or between two curves

Transition of super elevatio

'Change of the value of the superelevation betwaerpbints befor
and beyond which this value is constant

Turbulence Deviant behaviour of traffic over a certain lengftthe carriagewal
characterized by braking, dodging or (anticipatirajanging ¢
lanes to an extent more than normal and in any warked as
disturbance of the traffic flow

Underpass Passage of a road under a viaduct, agaardunnel

Upper bank Bank, not being a side bank, adjacetitet crest of an earth slope

Urban area An area is called urban when surroundings congsisésnly of

buildings

Vertical alignment

The chain of crest and sag curves, grades and ntadzstraights

View

Interpretation by the driver of the actual paththte road, who ag
accordingly and not directly consistent with théuatalignment

Weaving lane

Lane in a weaving section

Weaving length

Length required for weaving in a vieg section

Weaving section

Carriageway of limited length between convergenue divergend
point intended for weaving
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