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The Roads to Respect
A European Campaign for Better Road Safety Engineering

E X E C U T I V E  S U M M A R Y 

I. Introduction: Roads to Respect 
The “Roads to Respect” (R2R) programme focuses on treating high risk infrastructure sites as this is an area of road safety 
work where substantial and sustainable casualty reductions can be achieved in relatively short time and at relatively low 
cost.

II. Safe Road Design: Theory
A number of simple principles guide safe road design. In particular roads should be functional (roads are used by intended 
users and traffi c volumes), homogenous (differences in speed, mass and direction between vehicles are kept to a minimum) 
and predictable (roads are constructed to make obvious what sort of behaviour is expected from drivers). A number of 
design requirements help make roads functional, homogeneous and predictable.  
 
III. Safe Road Design and Assessment: Methodologies
There are a number of formal procedures that can help assess the accident potential and safety performance of roads. For 
that purpose the EU Commission released a package of measures geared at harmonising safe road management practices 
(e.g.: road safety audits, road safety impact assessments, etc.). These procedures can and should be integrated in all 
phases of road planning, design and operation.

IV. Identifying High Risk Sites or so-called ‘blackspots’
Road crashes are not evenly distributed throughout a road network. They occur in clusters at single sites, along particular 
sections of road, or scattered across whole residential neighbourhoods. Nevertheless, consistent identifi cation and 
treatment of high risk sites is not always carried in many European countries.

A number of recurring design elements are found on high risk sites. Looking for them helps identifying hazard.  

V. Treating High Risk Sites
The improvements needed to make a hazardous site safer often cost little but can result in huge benefi ts in terms of reduced 
incidence of road crash and injury. Examples are small changes in road layout or junction control and improvements in 
signs and markings. Another merit of such measures is that they can be implemented quickly.

VI. Conclusion
Identifying and solving high risk sites Europe-wide will lead to a substantial reduction in road deaths, but new safety 
knowledge often takes too long to reach the authorities in charge of maintaining the road network and to be applied.

We therefore hope to improve the building of awareness, knowledge and political leadership, in order to ensure that 
effective road infrastructure safety management becomes common practice at all stages of decision-making from road 
planning and design to operation and intervention. 
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 I  Introduction: The Roads to Respect
The “Roads to Respect” (R2R) programme focuses on 
treating high risk infrastructure sites as this is an area 
of road safety work where substantial and sustainable 
casualty reductions can be achieved in relatively short time 
and at relatively low cost. 

The programme rests on three strategic elements: 

■ the LECTURE

■ the CAMP

■ the CHALLENGE and CEREMONY 

ETSC will offer a LECTURE on improving the safety of road 
infrastructure to universities in Bulgaria, Croatia, Cyprus, 
Greece, Romania, Serbia and Slovenia. The LECTURE 
will draw on scientifi c evidence illustrating the lack of 
infrastructure safety and highlight solutions on how to 
improve the safety of roads. The LECTURE will help launch 
the call for applications to the Camp amongst students. 

At the CAMP, selected candidates from each country will 
be invited to receive road safety training during a fi ve-day 
course in Brussels. The aim of this Camp is to build basic 
road safety knowledge amongst the participating students. 
The students will also receive training from professional 
campaigners, road safety experts and journalists in running 
a road safety campaign. 

The CHALLENGE: After returning to their countries 
the students will identify a high risk site of their choice 
and develop the structure of their own science- based 
campaign to get the site treated. On the basis of their 
results, the best students of each country will be invited 
to Brussels to attend an award CEREMONY and to present 
the results of their efforts to road safety scientists, policy 
makers and private companies. These events will provide 
good opportunities for all actors involved to learn about 
best practice examples and to share their experience in 
science-based road safety campaigning.

Why focus on Infrastructure?

According to the EU Commission, road infrastructure and 
road design are a contributing factor in one out of three 
fatal accidents. Road safety research shows that safer 
road design and layout would do most to reduce the rate 
of death and serious injury. Present road design results 
from many decades of construction and maintenance in 
a time when safety issues where diluted among other 
considerations. Many roads do not meet latest safety 
requirements. On top of that, traffi c conditions have 
changed dramatically. 

With safer roads, deaths and injuries are preventable. Good 
roads enforce desired traffi c behaviour by assisting the 
task of driving and offer an environment that is adapted 
to the limitations of human capacity.  Good road design 
enforces desired traffi c behaviour by assisting the task of 
driving and offering an environment that is adapted to the 
limitations of human capacity. 

The way roads are laid out and designed can reduce the 
exposure to traffi c of vulnerable road users, reduce the 
probability that crash and injury occur when these users 
are exposed and reduce the severity of injury if it occurs.

EuroRAP 2006:

“ Europe’s national safety strategies show that safer road 
design and layout would do most to reduce the rate of 
death and serious injury - especially in countries where 
messages about better driver behaviour and safer vehicles 
are generally understood and accepted. As the major 
failures in driver behaviour - seatbelts, drink and excessive 
speed - are tackled, some experts believe that safer roads 
could reduce deaths by up to 80 per cent in the coming 
decades. “



6

 II Safe Road Design: Theory 
Any road traffi c system is highly complex and hazardous 
to human health. Elements of the system include motor 
vehicles, roads and road users and their physical, social and 
economic environments. Making a road traffi c system less 
hazardous requires a “systems approach” – understanding 
the system as a whole and the interaction between its 
elements, and identifying where there is potential for 
intervention. In particular, it requires recognition that the 
human body is highly vulnerable to injury and that humans 

make mistakes. A safe road traffi c system is one that 
accommodates and compensates for human vulnerability 
and fallibility.

One overarching rule:

“The infrastructure should prevent collisions of moving 
objects with large differences in direction, speed, and 
mass and should also inform the road user what behaviour 
is expected. “ 

Differences in mass, speed, and direction of vehicles is a basic risk factor for accidents

Pedestrians are also ‘moving objects’ and their speed and 
mass differ greatly from that of other objects such as motor 
vehicles that are present in their vicinity. In all countries, 
road networks are laid out and most roads are designed 
largely from the perspective of motor vehicle users. From 
the perspective of pedestrians and cyclists, mixing them 
with motor vehicles capable of traveling at high speeds 

is the most important road safety problem. Pedestrians 
and cyclists are relatively safe only on roads where motor 
vehicles are traveling at less than 30 km/h.
 
Three core principles should be applied to make sure that 
collisions are prevented.
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Core Principles:

Core principles governing safe infrastructure design can 
be found in the Dutch’ ‘Sustainable Safety’ approach, 
according to which a road network should integrate. 
(SWOV, 2006):

FUNCTIONALITY

A road network planned for safety has a hierarchy of roads, 
with several levels or classifi cations of road, each intended 
to serve a certain function. In 1998, the Netherlands 
launched a programme of reclassifying its roads and then 
modifying them so that every road would have a clear, 
unambiguous function. An earlier study predicted that this 
clarifi cation of function for all roads could reduce by more 
than one third the average number of road traffi c injuries 
per vehicle–kilometer traveled.

Roads can be broadly categorised into 3 functions: 
‘through’, ‘distribution’, or ‘access’ roads. 

Through roads have rapid and uninterrupted movement 
(motorways, national roads etc.). ‘Through’ roads are 
higher-speed roads (motorways, expressways and multi-
lane divided highways) and they should have restricted 
access; horizontal and vertical curves of large radius; 
crashworthy shoulders; median barriers; and grade-
separated junctions with entry and exit ramps. If such 
features are present, these are the safest of all roads. 

‘Distribution’ roads distribute traffi c from different 
districts or residential areas (regional roads). Rural roads 
should have periodic lanes for overtaking and for turning 
across oncoming traffi c; median barriers to prevent 
overtaking in hazardous stretches; lighting at junctions; 
roundabouts; advisory speed limit signs before sharp 
bends; regular signs to remind of speed limits; rumble 
strips; and roadside hazards such as trees and utility poles 
removed. Transitional roads connecting higher-speed 
roads with lower-speed roads or moving from higher- to 
lower-speed stretches (such as rural roads entering villages) 
should have signs and other design features to encourage 
drivers to slow down in good time. Rumble strips, speed 
bumps, visual warnings in the pavement and roundabouts 
are possibilities. 

‘Access’ roads provide access to fi nal destinations: houses, 
shops etc. (local roads).  Residential access roads should 
have speed limits of no more than 30 km/h and design 
features that calm traffi c.

Together, these 3 categories make up a road network.

Taking account of different road functions by defi ning 
a road hierarchy is an important step towards the 

improvement of road safety. At the moment many roads 
are multifunctional and used by different types of vehicle 
users with substantial differences in speed, mass of vehicle 
and degree of protection.

Requirements for functionality:
■ Removal of all function combinations by making roads 

mono-functional, i.e. creating purely through, distributor 
and access roads.

■ Minimum journey time along unsafe roads
■ Trips as short as possible
■ Safest and shortest route should coincide 

HOMOGENEITY

Safest roads are motorways because they are homogenous. 
Although driving speeds are the highest, speeds are 
uniform and there are no variations in driving 
directions. Distributor roads are the most dangerous as 
vehicles travel at relatively high speeds and there is a great 
deal of intersecting traffi c. 

Requirements for homogeneity:
■ Traffic movement control (traffic signals; roundabouts 

etc.)
■ Separate vehicle types (separate foot and cycle path 

etc.)
■ Reduce speed at potential conflict points
■ Avoid obstacles along carriageway

RECOGNISABILITY

With Self-explanatory roads, drivers know at which speed 
to drive and what to expect (whether cyclists are likely to 
be on the road etc.).

Requirements for recognisability:
■ Avoid unpredictable behaviour by clear designing, 

marking and signing.
■ Make road categories recognisable and their number 

limited. The layout of a road should ‘automatically’ 
enforce the desired speed.

■ Users must be able to recognise the road category by a 
small number of design elements. These elements must 
also be uniform for all roads within that category. 

FORGIVINGNESS

The 2005 update now includes the Sustainable Safety 
principle of forgivingness.
Forgivingness in the physical sense means that the road 
design is such that any crashes will end as good as possible. 
A vehicle that goes off the road should not hit any obstacles 
or other fi xed objects, because this leads to severe injury. 
The vehicle itself should provide equal protection to both 
its occupants and the collision opponent.



8

 III Safe Road Design and Assessment: 
Methodologies

I I I . I  E U  R O A D  I N F R A S T R U C T U R E 
S A F E T Y  M A N A G E M E N T 
D I R E C T I V E

On the 5th of October 2006, the European Commission 
released a package of measures geared at harmonising 
safe road management practices on the Trans-European 
Network (network of main European roads). The new EU 
Directive will require Member States to take the following 
measures:

Road safety audit and road safety impact 
assessment

Road safety audit is a formal procedure for independent 
assessment of the accident potential and likely safety 
performance of a specifi c design for a road or traffi c 
scheme - whether new construction or an alteration to an 
existing road.
Road safety impact assessment designates a comparative 
scenario analysis of the impact that different variants of 
alignment or interconnection points of new roads or a 
substantial modifi cation to the existing network will have 
on the safety performance of the adjacent network. 
These two procedures enable the skills of road safety 
engineering and accident analysis to be used for the 
prevention of accidents on new or modifi ed roads. They 
thus complement the use of these same skills to reduce 
the occurrence of accidents on existing roads by means 
of local safety schemes, in many cases in the form of low-
cost measures.
The benefi ts of safety audits and safety impact assessment 
are in:

■ Minimising the risk of accidents occurring in the future 
as a result of planning decisions on new transport 
infrastructure schemes.

■ Reducing the risk of accidents occurring in the future 
as a result of unintended effects of the design of road 
schemes.

■ Reducing the long-term costs associated with a planning 
decision or a road scheme.

■ Enhancing the awareness of road safety needs among 
policy-makers and scheme designers.

Well-documented experience in Europe and elsewhere 
shows that formal systematic safety audit procedures are a 
demonstrably effective and cost-benefi cial tool to improve 
road safety.

Road safety inspections

Safety inspection designates a periodical review of a road 
network in operation by trained experts from a safety 
point of view. It involves visiting the road network. 
Routine safety inspections are regularly carried out on 
the road network to identify physical defects in the road 
infrastructure. As a result, improvements of the road 
environment could be decided, most often in terms of low 
cost measures.

Network safety management

Network safety management is a method to monitor the 
safety standard of the road. The characteristics of the road 
are measured to verify to which degree the road safety 
requirements are met. 

Network safety management enables road administrations 
to detect those sections within the network where an 
improvement of the infrastructure is expected to be highly 
cost-effective. 

The purpose of network safety management is:

■ To determine sections within the road network with 
a poor safety performance based on accident data 
and where deficits in road infrastructure have to be 
suspected.

■ To rank the sections by potential savings in accident 
costs in order to provide a priority list of sections to be 
treated by road administrations. 
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I I I . I I  T H E  P O G S E  A P P R O A C H

This is a simple aid to quickly and effectively analyse and 
solve problems, POGSE stands for:
■ Problem
■ Origin (cause)
■ Goal (objective)
■ Solution
■ Evaluation

This analyse would ideally be conducted with all concerned 
stakeholders (infrastructure providers, road users etc.).

Problem: A problem is mainly related to a location 
(junction) or a road link. It can be determined on the basis 
of accident records, but may also follow from complaints 
of local residents.

Origin: At this stage, clear, independent research is 
indispensable. It is essential for all explanations/opinions 
to be examined, as more than one cause can lead to an 
identifi ed problem.

Goal: Make sure the objective can be measured by defi ning 
a quantifi ed improvement. 

Solution: fi nal choice is made by considering the 
following:
■ Which solutions have the best effect
■ What is the cost?
■ Are other works foreseen to combine with specific 

measures?

Evaluation: continuous monitoring of the effects of 
measures, followed by comparison with the set goals. 
Monitoring means collection and analysis of traffi c 
data, accident data, and complaints. Experience shows 
that implemented measures do not immediately lead to 
an improvement of the situation; it may even worsen 
initially.

[adapted from: WorldBank (2005) ‘Safe Road Design, a practical manual’]
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IV. I  E U R O R A P

The European Road Assessment Programme 
(EuroRAP) rates European roads against harmonised 
safety protocols. The aim of EuroRAP is to provide a 
Europe-wide safety rating for roads across Europe: 
crash risks (number of killed and seriously injured 
road users per km driven) are shown on a colour-
coded road map. Roads will also be rated using a (still 
under development) Road Protection Score (RPS). 
The RPS will look at the road protection potential in 
case of four different crash types: head-on collisions, 
run-off the road crashes, impacts at intersections 
and accidents with vulnerable road users. This will 
generate consumer information for the public and 
give road engineers and planners vital benchmarking 
information to show them how well, or badly, their roads 
are performing compared with others, both in their own 
and other countries.
The primary objective of EuroRAP is to rapidly reduce 
death and serious injury on European roads through a 
programme of systematic testing of risk that identifi es 
major safety shortcomings which can be addressed by 
practical road improvement measures.

EuroRAP has been keen to illustrate that preventing death 
and injury on the road need be neither expensive nor 
complex - promoting the message that simple engineering 
measures, often at low cost, together with information 
through effective road markings and signs, can signifi cantly 
reduce routine road accidents. Whilst recognising that it 
does need fi nancial investment, it also requires discipline 
from authorities in engaging people with the right skills 
to measure where people are being routinely killed and 
maimed, to apply systematically the known remedies, and 
to maintain roads properly.

 IV Identifying High Risk Sites or so-called 
‘Blackspots’

Road crashes are not evenly distributed throughout a road network. They occur in 
clusters at single sites, along particular sections of road or scattered across whole 

residential neighbourhoods. Even where area-wide impact assessment and road 
safety audits are carried out, experience may show that certain sites, sections or 

areas are hazardous and need improvement. 

Safety defects may also arise through poor maintenance: for 
example, road surfaces and signs are deteriorated and 

roadside lights do not function.

The improvements needed to make an entire 
road network or a hazardous site safer often 
cost little but can result in huge benefi ts in 

terms of reduced incidence of road crash 
and injury. Nevertheless, a 1996 survey 
of 12 European Union countries found 
that only seven reported having formal 
policies on remedial action at high-
risk sites, only three did evaluations as 
a matter of course and only three had 
separate budgets for remedial action.
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IV. I I  M E T H O D O L O G I E S 

Highway engineers and traffi c police generally know of 
the tendency for road accidents to cluster together at 
certain locations, commonly termed ‘accident blackspots’. 
Two common methods for tracking high risk sites are:

■ List: Based on accidents statistics, a list is drafted 
indicating concentrations with the highest frequency 
of accidents involving injury. The list is then divided 
into junctions and road links, the latter specifying the 
number of accidents involving injury per kilometre.  

■ Inventory Map: Usually managed by the road owner 
or road authority, this is a regularly updated map with 
a record of all accidents. Each new accident is located 
on the map with a colour pin and the colour of the pin 
varies according to the seriousness (injury/fatality) of 
the accidents. This provides a quick way to visualise the 
most dangerous spots and sections of roads.

Deaths and serious injuries are both routine and predictable 
year after year on some main roads, according to an AA 
Motoring Trust study. These roads have languished at 
the bottom of the safety league table since the AA Trust 
started tracking safety performance in 2001.

The AA Trust report “How safe are Britain’s main roads?” 
carried out as part of the European Road Assessment 
Programme (EuroRAP) initiative, shows that the safest 
roads are up to 10 times safer than the most dangerous. 
Once again, single-carriageway roads dominate the list 
of consistently higher risk roads. Motorways are fi ve 
times safer than the average single-carriageway road 
and twice as safe as dual carriageways.

Fatal and serious injury accident rates are on average fi ve 
times higher on main roads that run through villages or 
the outskirts of towns than along the rural stretches of 
the same route. The likelihood of an accident in these 
built-up areas can be 15 times greater. Across the entire 
network of inter-urban roads covered by EuroRAP, there 
are twice as many (1.2) fatal or serious injury accidents 
per kilometre of road in built-up areas compared to 
those on the open road (0.6).

Among the most improved roads, casualties have 
dropped by three-quarters, thanks to measures that 
encourage drivers to adapt to the sudden change from 
open road to busier semi-urban layouts.

“People continue to be killed and badly injured because 
simple, affordable measures that dramatically reduce 
risk are not being put in place. We would not tolerate 
this on our railways, in the air, or in the workplace, so 
why do we tolerate it on our roads?” says Bert Morris, 
director of The AA Motoring Trust.

“Measures to bring the safety record of the higher-risk 
roads up to the average would save around 50 deaths 
and prevent 300 serious injuries a year, saving the 
economy and society over GBP 300 million, and up to 
GBP 10 million in health service budgets.

“The Chancellor is looking for public investment that will 
produce high rates of return: the AA Trust has evidence 
that targeting the minority of underperforming roads 
will achieve that”.

Other fi ndings of the EuroRAP 2006 analysis show 
that one third of deaths and serious injuries on single 
and dual carriageways happen at junctions, while on 
motorways a fi fth result from vehicles running off the 
road. 

Examples of casualty reductions in built-up areas along 
rural routes include:

■ the UK’s most improved road is the A452 Sutton 
Coldfield to Brownhills, with a 73 per cent reduction 
in fatal and serious collisions, thanks to speed 
limits being lowered in built-up areas and measures 
introduced to deter often disastrous over-taking. 

■ high visibility signs, safety improvements at entrances 
to villages, and road markings to emphasise speed 
limits cut serious accidents along the A523 Swinscoe 
to Macclesfield by 65 per cent. 

■ bypasses along the A5 Shrewsbury to Chirk, the A44 
Worcester to Moreton-in-Marsh, and the A43, M40 
to Northampton, have halved accidents along the 
routes.

Source: EuroRAP, 2006.

Case Study: The United Kingdom

Targeting consistently dangerous roads saves lives / British Results 2006
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It is important to think in terms of accidents density 
and severity. There will generally be specifi c locations 
at which accidents occur, for example at unexpected 
sharp bends or at junctions (here it is necessary to think 
in terms of average number of accidents per annum). 
Elsewhere, accidents may occur along a section of road 
without any obvious single feature. Here it is necessary to 
think in terms of accidents per kilometre, that is, the 
accident density along a particular road link.  

Accidents can also be weighted to take into account their 
severity. Accidents with fatal and serious injuries are more 
costly in both social and economic terms. If suffi cient 
research has been carried out, then accidents can be 
weighted relative to their cost. Thus, if a fatal accident costs 
a society 20 times more than a similar slight injury accident, 
it can be counted as 20 accident units. Using weighting 
however has the disadvantage that a few, ‘random’ fatal 
accidents can sometimes dominate the selection.  If cost 
information is not available, qualitative weighting can be 
employed to ‘score’ accident sites (e.g.: 12 for fatal; 3 for 
injury and 1 for damage only accidents). Care should be 
taken to choose sites where remedial action will be most 
effective. For example treating a site with three injury and 
three damage only accidents might be more effective than 
treating a site with one fatal accident.      

Traffic volumes should also be considered. In simple 
terms, more traffi c would be expected to lead to more 
accidents. If traffi c fl ow data are available it can be helpful 
to compare sites in terms of accidents per unit of traffi c. 

These are often expressed as accidents per million vehicles 
entering an intersection or accidents per million vehicle km 
on a link. Sites can then be compared in terms of these 
rates that give an indication of their relative safety given 
their traffi c volumes. 

Reasonably accurate and complete records are essential; 
without precise data, accidents location, density, and 
severity cannot be identifi ed with any certainty. However, 
in the total absence of data it may be possible to make a 
start on remedial works at ‘known’ or ‘obvious’ high risk 
sites, based on local knowledge of sites where accidents 
occur most frequently or careful observation. 

IV.III R E C U R I N G  H I G H  R I S K  S I T E S

Major accidents: 

There are just four main types of crash responsible for 
80% of deaths and serious injuries (European Road Safety 
Observatory, 2006). These accidents usually correspond to 
particular sites and types of roads. These four types are:

■ Head on collisions (front of vehicle) 
■ Collisions with unfenced objects by the side of the road 

(run off accidents) 
■ Side impacts at junctions 
■ Collisions involving pedestrians and motorbikes

It results that most dangerous sites are junctions and single 
carriageways.

Inventory maps can be done manually or through the use of software
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Most dangerous roads: single carriageways

These are usually ‘distributor’ function roads. Single 
carriageway is the British designation for the most 
common type of road; one with no physical separation 
(central reservation) between opposing fl ows of traffi c. It 
usually has two or more marked traffi c lanes, one in each 

direction, although narrow rural roads and residential 
streets may have no markings. On single carriageways the 
risk grows rapidly as traffi c fl ow increases and speed is 
important. 
 

Single carriageway with poor markings and single 

carriageway with poor visibility

A road with no central reservation is a single carriageway 
regardless of the number of lanes of traffi c in each 
direction.

Roadsides

According to research in Australia and several European 
Union countries, collisions between vehicles and solid 
roadside objects contribute to 18–42% of all fatal crashes. 
Such collisions frequently involve young drivers, excess or 
inappropriate speed, the use of alcohol, driver fatigue 
or restricted visibility. Roads and roadsides should be 
designed and maintained to minimise the opportunities 
for serious effects when vehicles veer off course.

Unforgiving roadside objects include trees, poles, road 
signs and other street furniture represent an important 
safety problem. Research and experience indicate that 
the positioning and design of off-road objects can play 
a major role in reducing such collisions and the severe 
consequences that are typically associated with them.

Linear villages

A linear village is that part of a (transit) road which lies 
within a built-up area. The pressure of the fast-growing 
amount of transit traffi c means that an even larger part of 
the public environment, within the built-up area is used for 
traffi c fl ow. This large-scale layout, which is inconsistent 
with the small-scale nature of the rest of the village, turns 
the road into a dividing element in the residential area 
and means the urban harmony is lost. The layout of the 
road does not suit the character of the environment at all. 
Roads within a built-up area often look just like the road 
outside the built-up area, and in many cases the road is an 
asphalt road with a width of 7-12 metres or more, without 
any speed-reduction measures or specifi c provisions for 
crossing pedestrians. Although the residential areas have 
speed limits of 60 km/h, 50 km/h or 40 km/h, these speed 
limits are generally ignored as a result of the character of 
the road. The urban section of the transit road is not only 
important for access to and from the built-up area, or the 
area around it, but in many cases also for carrying long-
distance transit traffi c. Within the built-up area, there 
is not only housing alongside the cross-town link, but 
often also public buildings with a ‘service’ function, and 
commercial properties.
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Tunnels

Many European tunnels were built several decades ago 
when traffi c density and vehicle characteristics were 
different from what they are today. As a result of recent 
tunnel accidents the EU has adopted a Directive aimed at 
ensuring a minimum level of safety in road tunnels on the 
trans-European network. The measures take into account 
both organisational and technical matters.

Other hazards

This is not an exhaustive list of all the dangerous sites that 
can be encountered. 

Sometimes features that are not part of the initial road 
design can create hazard. For example, one should think 
of elements in the environment that disrupt visibility (e.g.: 
vegetation in front of signs or low traffi c lights that can be 
hidden by trucks at junctions).
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 V Treating high risk sites
There are four basic strategies for accident reduction 
through the use of countermeasures:

■ Single Site (‘blackspot’ programmes) – the treatment of 
specific types of accidents as a single location.

■ Mass Action Plan – the application of a known remedy 
to locations with a common accident problem.

■ Route Action Plans – tile application of know remedies 
along a route with a high accident rate.

■ Area with Schemes – the applications of various 
treatments over a wide area of town/city, i.e. including 
traffic management and speed reducing devices.    

Systematic identifi cation and treatment of hazardous 
locations can improve road safety substantially, and the 
potential for accident reduction through simple low-cost 
measures is particularly high. Examples include the use 
of road signs and markings to channelise traffi c through 
complex intersections or to provide safe waiting areas for 
turning vehicles. 

Monitoring the entire road traffi c system, identifying 
problems as they emerge and correcting them are all 
important measures for ensuring road safety.

As Member States make their road infrastructure safety 
management more systematic, each will need to make 
its own judgement how quickly its emphasis should 
shift from mainly high risk site management, driven 
by recorded occurrence of accidents, towards wider 
network safety management driven by the setting and 
application of standards for the safety characteristics of 
the infrastructure.

It is important for Member State to develop and implement 
in due course high and verifi ed standards of road safety 
management in the circumstances that prevail locally. But 
it is equally important that in the meantime 
road authorities act without delay and with 
increased priority to reduce death and injury 
on their roads – by the means and with the 
resources that are most readily available to 

them here and now. Development of more advanced 
quality management techniques for further reduction in 
death and injury after the worst high risk sites have been 
dealt with must in no way delay the early identifi cation 
and treatment of these sites in Member States that still 
have many such sites (Allsop, 2006).

Low cost measures

Low-cost road and traffi c engineering measures comprise 
those physical measures, taken specifi cally to enhance the 
safety of the road system, that have low capital cost, can 
be implemented quickly, and offer high ratios of benefi t to 
cost. Examples are small changes in road layout or junction 
control and improvements in signs and markings.  

The application of low cost measures is a highly cost-
effective method of reducing road accidents and casualties 
at high-risk sites, on high-risk route sections, and on an 
area-wide basis. Achieved ratios of benefi t to cost from 3 
upwards to double fi gures are widely reported, and many 
schemes pay for themselves in casualty savings within a 
year (ETSC, 1996).  

Common examples illustrating the range of LCM are:

■ Changes in condition and layout of the road to make 
existing use safer 

Laying of skid-resistant surfacing
Improvement of lighting, markings and signs
Creation of extra lanes for opposed turning traffic
Introduction of central refuges and islands
Removal of roadside objects
Installation of crash barriers
Improvement of winter maintenance

Crash barriers offer protection from 
roadside objects such at trees
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■ Alteration of junction operation:

Changes in priority
Installation of small roundabouts
Installation and modifi cation of signal control 

■ Changes in layout of the road to influence its use and 
the behaviour of users: 

Pedestrian crossings, cycle lanes and paths
Road humps and road narrowing
Relocation of parking
Improved zones of transition from rural to urban areas

These measures are often designed to make the roads and 
traffi c more comprehensible to drivers and other road users 
in order to reduce accident occurrence. The use of LCM to 
help road users to feel safer even where there is no record 
of accidents is not ruled out, but should await substantial 
progress in the treatment of sites, route sections and areas 
where reduction in actual occurrence of accidents can be 
achieved.

Low cost treatment of high risk sites in Norway

High risk sites and sections in Norway are identifi ed on the basis of the Norwegian accident register. An accident high 
risk site is defi ned as a place with a maximum length of 100 metres, where at least four injury accidents have been 
reported to the police in the course of 4 years. A high risk road section is defi ned as a stretch of road of maximum 
length of 1 km, where at least 10 injury accidents have been reported to the police over a four year period. The 
majority of high risk road sections consist of high risk sites which are located close to one another (for example, a 
series of intersections in city streets). 

Identifying, analysing and improving high risk sites has a long tradition in Norway. In the period 1984-1987, which 
is the last period for which a nation-wide survey is available, accidents at high risk sites comprised 14% of the total 
number of injury accidents recorded by the police on national highways. In towns and cities the percentage was 
higher (Elvik and Vaa, 2004).

Table 1 gives an example of low cost measures that have been introduced in Norway to treat high risk sites. The 
table gives the mean cost per location, the benefi t-cost ratio and the mean annual average daily traffi c (AADT) at the 
locations where the measures were introduced.

Table 1: Some examples of low cost road safety treatments in Norway. Source: Elvik and Rydningen, 2002.

Treatment Mean cost (NOK) Mean AADT Cost-benefit ratio

Pedestrian bridge or underpass 5,990,000 8,765 1:2.5

Converting 3-leg junction to roundabout 5,790,000 9,094 1:1.6

Converting 4-leg junction to roundabout 4,160,000 10,432 1:2.2

Removal of roadside obstacles 310,000 20,133 1:19.3

Minor improvements (miscellaneous) 5,640,000 3,269 1:1.5

Guard rail along roadside 860,000 10,947 1:10.4

Median guard rail 1,880,000 42,753 1:10.3

Signing of hazardous curves 60,000 1,169 1:3.5

Road lighting 650,000 8,179 1:10.7

Upgrading marked pedestrian crossings 390,000 10,484 1:14.0

1 Euro = 8.21 NOK (December 2006)

The cost-benefi t ratios are impressive, exceeding one to ten for many of the safety treatments. Bearing in mind that 
Norway is a high-cost country that has a comparatively good road safety record; there is little reason to doubt that 
very favourable cost-benefi t ratios can be achieved by systematically applying similar road safety measures in other 
European countries.
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Junctions

A junction is a potential danger point in the road network. 
In the Netherlands, more than half the accidents on single 
carriageways occur on at grade junctions. Safety measures 
at the junction are often more cost effective than measures 
on road links. A junction has to fulfi ll a number of general 
design requirements:
■ Recognisable: if a limited number of junction forms are 

used, with uniform (main) characteristics, then the road 
user will recognise the situation as such more quickly 
and the situation will comply with expectations.

■ Visible: a junction must be visible in time, conspicuous 
and clearly recognisable and locatable as such. To 
see something from a distance, it must have at least 
a certain size to which the road user’s attention and 
perception can be directed. Contrast, colour, shape 
and movement are important factors here. Finally, the 
information ‘signs’ need to be installed in logical, clearly 
visible places in the field of vision.

■ Overseeable: when approaching a junction the road 
user must be able to oversee the junction and part of 
the approaching roads and any traffic on them, in time.

■ Comprehensible: a junction is comprehensible to 
the road user when perceptions of shape, scope, 
signposting, marking and traffic regulations can be 
interpreted quickly, correctly and unambiguously on 
approach.

■ Negotiable: negotiability of a junction means that 
the various design elements fit together sufficiently 
smoothly. The elements themselves must also be easily 
negotiated.

■ Balance: a balanced junction structure means that the 
various design elements (including the approach roads) 
and the traffic measures must form an integrated whole.

■ Completeness: a junction is complete when the traffic 
at the site of the junction can continue on its way in all 
possible and intended directions.

In principle there are three basic forms of 
‘at grade’ road junction:
■ Roundabout;
■ Priority junction without traffic lights;
■ Priority junction with traffic lights.

The roundabout is very suitable as a junction both inside 
and outside built-up areas and the roundabout is currently 
the safest ‘at grade junction’. Roundabouts both promote 
the fl uid fl ow of traffi c and have a strong speed-reducing 
effect. Roundabouts therefore make a substantial 
contribution to road safety. In the view of road safety, 
capacity, clarity and uniformity, to name a few, the traffi c 
on the roundabout should always have the right of way.

Advantages of roundabouts:
■ The actual speed of the drivers both, with and without 

right of way is (very) low. The lower the driving speeds, 
the slighter the risk of (serious) conflicts or (injury) 
accidents.

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

The safest roundabouts are single-lane roundabouts. 

Priority junction without traffic lights: The prescribed 
marking of priority junctions with traffi c signs is usually 
not suffi cient. The design should also be such that the 
perception of the priority corresponds with the priority 
rule at the location. The design should clearly support the 
priority rules and show which of the roads is the main road 
and which the minor road. This can be done by providing 
a physical difference between the two roads by, for 
example, applying a (long) median in the main road and a 
traffi c island or refuge in the minor road.

A standard priority junction (without traffi c lights) in a 
distributor road should have at least the following design 
elements (see diagram):
■ Maximum of one lane per direction;
■ Separate left-turn lane;
■ Traffic island(s).
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Priority junction with traffic lights: it is only acceptable 
to install traffi c lights at a priority junction when:
■ The waiting times for the subordinate traffic flows are 

unacceptably high;
■ Other solutions, such as constructing a roundabout, do 

not offer a satisfactory solution;
■ Road safety with either option is unacceptable, on the 

understanding that the installation of traffic lights can 
be expected to have a positive effect on road safety.

Application of traffi c lights in single carriageways is, in 
principle, not recommended.

Design for pedestrians and cyclists:

The safety of pedestrians and cyclists can be achieved 
through area-wide road safety management that includes 
the following:

■ Networks of segregated or separate pedestrian and 
bicycle routes connecting to a public transport system 
are the ideal. Such a network might consist of sections of 

footpath or cycle path separate from roads plus sections 
running alongside roads, with particular attention paid 
to safe crossings at junctions. Pedestrians have twice 
the risk of injury where pedestrians are not separated 
or segregated from motor vehicle traffic. Studies in 
Denmark have shown that providing segregated bicycle 
tracks or lanes alongside urban roads reduced deaths 
among cyclists by 35%.

■ Traffic-calming measures discourage motorized traffic 
from traveling at speeds that put pedestrians and cyclists 
at high risk. They include road narrowing, roundabouts, 
rumble strips and speed bumps. Widespread experience 
with area-wide road safety management in Europe 
shows that it can reduce crashes and injuries by 
15–80%. The town of Baden, Austria launched a 
management plan in 1988 that has resulted in about 
75% of its road network being restricted to speeds 
of 30 km/h or less and an integrated system of public 
transport with pedestrian and bicycle routes. The rate of 
road casualties has declined by 60%. 

Ideal: Trollhättan, Sweden (separate 
footway and bicycle lane; safe crossing; 

traffi c calming measures…)

Not ideal!
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Road markings and traffi c signs

Clear and visible road markings, coupled with a high level 
of maintenance, are essential to ensuring a high level of 
safety on European roads. Road marking must be of the 
highest quality in order to be visible and lasting and to 
guarantee a skid resistance that is as good as the one of 
the adjacent road surface. 
Application skills will also 
highly impact on the level of 
performance and durability. 
Studies have shown that safe 
pavement markings should 
be visible during the night 
to a degree that allows the 
driver an absolute minimum 
of 2.5 seconds reaction time. 
This can be achieved by an 
adequate width and retro 
refl ectivity specifi cations.

Visible Road Marking

  
Traffi c signs are one of the primary interfaces between 
the roadway and the drivers and are used to communicate 
information to drivers that would otherwise be unobvious. 
They are there to remind drivers of traffi c rules. They can 
also advice on special dangers and on the way to avoid 
them. In the modern traffi c system driving without signs 
would be practically impossible or would happen at the 
cost of countless accidents. This is the reason why coherent, 
clear and conspicuous traffi c signs are an integral part of 
a traffi c system. To be effective, signs must be designed, 
built and displayed in such a way that the messages they 
convey are clear, unambiguous, visible and legible.

Four important principles for good signing:

■ Signing systems should be consistent, complete, 
comprehensive and kept simple.

■ Horizontal and vertical signing should be 
complementary and never contradictory. 

■ Drivers should perceive signing in the same way 
during daytime and night-time conditions.

■ Road and traffic conditions presenting special 
difficulties or dangers should be dealt with special 
care (e.g. tunnels, bridges, work zones). 

Together with adequate road markings, traffi c signs have 
proven to be a low cost measure with high ratios of benefi t 
to cost.

Forgiving Roadsides

Ideally, roads should be designed without dangerous off-
road objects. However, this is clearly not possible in all 
situations and most of the interventions will have to be 
made on already existing roads. In such a case, objects 
should be removed, made more forgiving or protected 
with crash barriers where none of the other options are 
possible.

■ Keeping roadsides clear of trees, boulders, steel and 
concrete pillars and posts and similar rigid roadside 
objects is especially important on roads where vehicles 
travel at high speeds.

■ Collapsible lighting columns and signs, mounted on 
shear bolts or made of yielding material and designed 
for electrical safety, are recommended.

■ Safety barriers can be used to contain motor vehicles 
within lanes, preventing head-on or side collisions, and 
to prevent them from leaving roads. These barriers 
should be designed to deflect or contain vehicles while 
doing no serious harm to occupants. Denmark, Sweden, 
Switzerland and the United Kingdom favour flexible 
cable barriers (rather than rigid concrete or semi-rigid 
steel), sometimes to prevent dangerous overtaking on 
single-carriageway roads. Used on dual-carriageway 
roads (with no pedestrians or bicycles) to prevent motor 
vehicles from crossing over and crashing into traffic 
going in the opposite direction, they have been found 
to reduce fatal and serious injuries by 45–50%.

■ Crash cushions slow motor vehicles before they strike 
rigid roadside objects such as bridge pillars, safety 
barrier ends and utility poles. They have reduced fatal 
and serious injuries resulting from impact by up to 75% 
in the United States and by 67% or more in the United 
Kingdom.

The “intelligent” road: “self-enforcing” 
infrastructure

“Self-enforcing” roads help drivers stick to the legal speed 
limit by ensuring that they drive at the appropriate speed 
for different stretches of road. “Self enforcing roads” are 
an important part of the road safety equation. Progress to 
extend them further to the European road network could 
make a signifi cant contribution to enhancing speed limit 
compliance and saving lives.

Many different types of infrastructure measures exist which 
can work to reduce speed. These include engineering 
measures related to road design such as speed humps, 
road narrowing and roundabouts. These form part of 
traffi c calming, which is the specifi c integrated treatment 
of areas or stretches of road with various kinds of speed-
reducing measures.
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Another key to reducing speed through design is by 
narrower lane widths. This can be accomplished either 
by physically narrowing the travel way or by creating an 
illusion of a narrower travel way (such as painting wider 
edge lines or eliminating centre line striping).These have 
been proven to be particularly effective tools for reducing 
speeds on rural roads.
Another method to physically narrow lanes is by introducing 
“2+1” roadways on high-volume rural roads. A passing 
lane is introduced, sandwiched between two opposing 
travel lanes, and drivers have the right to use the passing 
lane alternating between the two directions of travel.
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 VI Conclusion
Identifying and solving high risk sites Europe-wide will 
lead to a substantial reduction in road deaths. The 
European Commission has recognised this potential by 
drafting a proposal for a Directive on road infrastructure 
safety management. This Directive will ensure that safety 
is integrated in all phases of road planning, design and 
operation of road infrastructure. Apart from requiring 
member states to adopt guidelines for road safety impact 
assessments, audits, and inspections, the Directive 
identifi es the treatment of High Risk Sites as a major area 
of work for national authorities especially in Southern, 
Eastern and Central Europe. 

It is important to highlight that the direct accident 
reduction is not the only safety effect of road infrastructure 
safety management: the use of the proposed instruments, 
including the treatment of High Risk Sites, will create 
awareness for safety at all stages of decision-making on 
road planning and road design. However, the proposed 
Directive also stresses that new safety knowledge often 
takes too long to reach the authorities in charge of 
maintaining the road network and to be applied. 

This is precisely the area in which the ‘‘Roads to Respect’’ 
Programme seeks to improve the building of awareness, 
knowledge and political leadership, in order to ensure that 
effective road infrastructure safety management becomes 
common practice in the EU.       

We hope to create awareness amongst future road 
engineers and other road safety professionals and thereby 
help to get a life-long commitment to care about ‘’safe 
roads’’ from those actors who will shape and implement 
future road safety policies in the Southern, Eastern and 
Central European Countries.
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