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OECD WORKSHOP ON 
"INFRASTRUCTURE DESIGN AND ROAD SAFETY" 

15-18 November 1994, Prague (Czech Republic) 

INTRODUCTORY STATEMENT 

by· Burkhard HORN 
OECD Road Transport Research Programme 

This Workshop during this week is the second one we are holding 
here in Prague in the framework of OECD's Road Transport Research 
Programme and the Workshop Series for Central and Eastern European 
countries. We had a very successful one about one month ago on Winter 
Maintenance. I should like to thank the Ministry of Transport, the Highway 
Authorities and Mr Trcka, from Pragoprojekt, for the invitation and the 
preparation and organisation. We are especially grateful to the Dutch Road 
Safety Foundation (SWOV) -- Mr Wegman -- and the Commission of the 
European Communities who in part fmanced this event. 

It is obvious: the better the infrastructure, the more efficient the 
traffic and in principle the higher the traffic safety. The concept and key 
elements of safe infrastructure are well known. However the special 
situation in CEEC's and the newly compelling demands for 
environmentally friendly designs impose thoughtful approaches and, 
especially, cost-efficient planning and implementation . 

• ••• • 
The Road Transport Research Programme of the DECD, with 



headquarters in Paris, is supported by twenty-five governments of Europe, 
the United States, Canada, Australia, Japan, New Zealand and Mexico. 

The Programme fosters the strategic dialogue between Member 
countries to propose responses to the transport -challenges beyond 2000. 
While focusing on concrete and well-defined research requirements, the 
Programme initiatives attempt to address the compelling socio-economic 
realities that drive Member governments' road and road transport policies 
in a multimodal context approach taking full account of the industry's and 
the private sector concerns and needs. 

The Programme's mission is to: 

• Enhance effective and innovative research through international 
co-operation and networking; 

• Undertake joint policy analyses and prepare technology reviews 
of critical road transport issues; 

• Pursue further the worldwide exchange of scientific and technical 
information in the transport sector and promote road technology 
transfer between and within OECD Member and Non-member 
countries. 

Technology transfer and information exchange take place through two 
databases -- The International Road Research Documentation (IRRD) 
scheme to provide worldwide information on scientific responses and 
current research programmes and the International Road Traffic and 
Accident Database (lRTAD) to collect and disseminate comparable 
aggregate data on a regular basis for twenty OECD Member and associate 
countries. We welcome all the countries present here to participate . 

• ••• 
• 

Taking into account the experience acquired in the past twenty-five 
years by the OECD/RTR Programme, the Steering Committee for the 
Programme, which is also its Governing Board, decided to propose joint 
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initiatives towards Central and East European Countries and New 
Independent States concerning technology transfer and exchange of 
scientific and technological infonnation in the field of road and road 
transport. A series of fourteen CEEC Workshops has been implemented. 

The concrete aims of these initiatives are to provide state-of-the-art 
knowledge and practices applicable to prevailing national contexts and 
conditions; to identify tools, means and strategies for improvements; to 
recommend plans, organisational frameworks and implementation 
procedures; and to promote feedback and evaluation of actions taken. 
Annex A of my statement provides you with a list of .past and planned 
Workshops, including the respective responsibilities of the countries . 

• ••• 
• 

Road design is a particularly difficult subject from the point of view 
of traffic safety. 

Since the beginning of road safety research, there have been two 
schools: should the road environment be adapted . to man, i.e. the road 
user, or should the road user adapt his behaviour to road conditions? 
However, it is very difficult, in all practical cases, to separate, assess and 
quantify with satisfying validity the contribution of individual and 
situational conditions leading to accidents. 

Research and experience have provided safety principles that are now 
widely applied. These concern inter alia: 

• horizontal and vertical alignment; 
• cross-section and roadside layout (and obstacles); 
• pavement surfaces; 
• access control; intersections and interchanges; 
• by -passes; 
• identification and treatment of hazardous road locations . 
• construction and maintenance zones; 
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• road marking, delineation and signing systems; 
• protection of vulnerable road users; climbing lanes; 
• railroad-highway grade crossings. 

It is essential to note that from the road safety point of view access 
controlled motorways of modem design standards constitute the safest and 
most efficient routes with substantially lower accident risks when compared 
to other road infrastructure. 

Thanks to a number of outstanding professionals, you will receive a 
rather comprehensive picture of good practice and current expertise. We 
hope that this will help you in your day-to-day work and contacts in the 
future. 

To conclude, road infrastructure and road transport development is 
one of the key elements both in the operation of emerging market 
economies and their European integration. 

May I thank all the authors and rapporteurs for their important 
contribution and efforts as well as participants for their interest in the 
OECD/RTR Workshop. 

Thank you for your attention. 
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THE ROAD SAFETY PHENOMENON 

Fred Wegman 
SWOV Institute for Road Safety Research 
The Netherlands 

1. Introduction 

Central and East European Countries (CEECs) are faced with the enormous task of 
implementing political, economic and social changes in converting their centrally controlled 
planned economy to a market economy. Transport and infrastructure are of vital importance 
in bringing about these changes and achieving economic growth. Eco'1omic growth will lead 
to increased prosperity and to a rise in the number of private cars owned. Once economic 
growth is established, this will also result in increased mobility: more transportation of goods, 
including by road, and higher mileage by private motorists. Unless the road system is 
expanded and the quality of the existing road system improved, major problems will arise: 
capacity problems that lead to less efficient use of the infrastructure and hence to economic 
losses and problems relating to nature and the environment, various difficulties (such as 
through traffic passing through small towns and villages, city centres congested with cars) 
and more accidents and casualties. 

If it is assumed that the recent political and economic changes in CEECs result in 
(tremendous) economic growth and thereby in a further increase in mobility (a 'catching up' 
action), then extra effort will be needed to decrease the fatality rate. The extent to which this 
succeeds will determine the developments in road safety in CEECs. However, present 
indications give cause for concern. The number of casualties has risen in the last few years 
in the various countries and CEECs already score badly on various counts (number of 
casualties per inhabitant and per kilometre), as can be seen in Table 1. 

In this contribution it is assumed that this is in fact the case. Without in-depth analysis of 
road safety and of the developments that affect it in the countries mentioned and without 
knowledge about their administrative system and administrative culture, one should not be 
tempted to formulate recommendations as to how road safety can best be improved in these 
countries. It is possible, however, to indicate the extent to which the policy pursued in highly 
motorised countries has helped the improvement of road safety. For the most part this will 
need to be a qualitative evaluation. It is also possible, using present knowledge, to indicate 
what could have happened in the past in western countries in order to achieve better results. 
Both of these aspects are examined: what policy has been pursued in highly motorised 
countries, especially in the field of infrastructure, and what is the result of this and also what 
could have happened that would have produced better results. CEECs could then judge for 
themselves what is applicable for them. 

2. The road safety phenomenon 

Let us look at an account of a road accident at random (Wegman, Mathijssen & Koornstra, 
1991). An 18 year old youth has just passed his driving test. One Saturday night he is driving 
his friends home from a disco. The teenager has recently bought a second-hand car. The way 
home takes them over a winding dike beside a river . It is raining. The teenager misjudges a 
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bend. He is driving too fast so he cannot adequately correct for the bend. The car drives into 
the river. Because the youths are not wearing a seat belt, they are thrown out of the car and 
drown. The following morning a passer-by discovers the accident. 

Cause? A young, inexperienced driver. not wearing a seat belt. driving at night in the rain 
along a road without a barrier, an unexpected sharp bend, bald tires? All of these factors 
could have contributed to the accident and to the outcome. Often a critical combination of 
circumstances is involved (OECD, 1984). Pointing to one single cause, finding one culprit for 
an accident, does not do justice to the complex reality and - unnecessarily - limits the real 
opportunities to prevent accidents. Research reports in the United States and the United 
Kingdom (cf. Rumar, 1985) have concluded that 95% of accidents are due to human error. 
30% result from faults in road-design and 10% are the result of mechanical defects (Figure 
1). 

28/34 95/94 8112 

Figure 1. Percent contributions to traffic crashes as obtained in British and US in-depth 
studies (Rumar, 1985) 

One conclusion that is sometimes drawn from this is that education (infonnation. police 
enforcement, training) is the most important way of preventing accidents. This conclusion is 
erroneous and researchers have warned often enough about drawing such a conclusion. Is it 
not the case that road improvements, for instance, are intended to prevent human error? 
Infonnation about the 'single' cause of accidents does not logically lead to a <:ondusion 
about the most effective way of preventing accidents, not counting the cost of mea~ures. It 
is also possible to draw erroneous conclusions if one relies on police reports in whi\:h the 
question of guilt is settled. One of the people involved in the accident has always violated the 
law in some way: traffic regulations are so strict However, this does not say anything about 
the most effective or efficient way of preventing an accident. 

It is advisable to use a phase-model of the accident process when analysing road accidents 



and formulating measures. Figure 2 shows an example of a simplified model. 

social and economical activities 

planning of trips 

ttaffic panicipation 

ttaffic behaviour 

crash phase 

post crash phase 

Figure 2. Phase model of the accident process. 

There are many opportunities to intervene in this process. The earlier the intervention, the 
more structural and effective it will be. In the end road users themselves will have to prevent 
accidents and behaviour always plays a part in this. Others, though, troad authorities, road 
safety organisations etc.) can influence circumstances such that the risk of human error is 
reduced. Preventing accidents or lessening the seriousness of the outcome is not only the 
responsibility of the individual road user but also of collective decision makers (authorities, 
private organisations, industry etc.). 

Furthermore, people should realise that when it comes to decisions about road infrastructure 
and about the vehicles that use it, there are more arguments involved than road safety 
considerations alone; these include physical planning and land-use policy, transpon and 
traffic policy, environmental considerations, public health policy, etc (OECD, 1984 and 
1994). This means that road safety is just one of the criteria used in decisions of this kind. 
It very often happens that road safety is not considered to be the main objective, though 
decisions are made that may have consequences for road safety. Road safety is one facet of 
these other areas of policy. This may mean that insufficient or no importance is attached to 
road safety, something that can happen consciously or unconsciously (Wegman & Oppe, 
1988). 

3. Developments in road safety in CEECs 

Representatives from the countries themselves have made revealing statements: "In Russia, 
the problem of road safety is currently of vital importance. According to statistics, almost all 
absolute and relative indices of accident rates have been increasing" (Federov. et al., 1993) . 
The Road Safety Plan of Hungary states: "Compared to earlier national data and to 
international data, the number of people who have died or been injured in road accidents has 



increased, while discipline in traffic and observance of regulations are at their worst level 
ever". 

A number of reports have been written recently that give an indication of the road safety 
problems in CEECs. For example, the World Bank and the European Community 
commissioned an initial survey in Hungary, Poland, Bulgaria, Rumania, the Czech Republic 
and Slovakia (e.g. Gerondeau, et al, 1992 and 1993). The Nordic Road Traffic Safety Counci l 
has also issued a report on the road safety situation in the Czech RepUblic, Slovakia, 
Hungary and Poland (NRTSC, 1992). The Technical Research Centre VTT from Finland has 
published a study on road safety in Estonia, Latvia and Lithuania (Segercrantz, 1992). In all 
of these reports an analysis is given of the developments in road safety, the conclusion is 
drawn that these countries compare unfavourably on an international scale and it is 
anticipated that there are many opportunities to improve the situation. At the end of 1992, the 
OECD organised a seminar on 'Technology transfer and diffusion for Central and East 
European Countries' in the area of roads and road transport (OECD, 1993). One of the 
themes of this seminar was road safety and the major conclusion drawn was that "Traffic 
safety is a major concern and targeted and integrated actions should be taken as soon as 
possible in order to reduce drastically the high economic costs incurred by road traffic 
accidents". 

In order to give an indication of the economic scale of the problem, reference can be made 
to estimates prepared by the World Bank expert group. This group estimated that at present 
between 1 and 2% of the GNP is lost through costs incurred by road accidents. 

The developments in the field of road hazard do not show a steady, continuous pattern. 
Figure 3 shows the developments for three countries, with no recognisable trend. 
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Figure 3. Fatalities in Hungary, Poland and the Czech Republic, 1975-1992 . 



The political and economic changes at the end of the 1980s seem to be expressed also in 
terms of a growth in the annual number of road accident fatalities. Of course, indications can 
be given to explain this phenomenon, which can also be found in the literature: a rapid 
growth in the number of vehicles, many new and inexperienced drivers on the road, many 
western new and second hand cars driving at relatively highs speeds on inadequate and 
insufficiently maintained roads, much driving under the influence of alcohol in situations 
where there is little police enforcement and a poorly equipped police force, etc. These are 
possible explanations, but scientifically supported evidence is not available. 

It is furthermore striking that, in a number of countries, the growth in road hazard has come 
to a halt. There are even countries where the 'war seems to be won'. Is the drop in road 
hazard in countries such as Hungary and Poland the herald of a favourable development, or 
is there question of a temporary favourable development which will soon revert? In order to 
be able to answer this question, it is useful to consider what developments have occurred in 
this field in highly motorised countries. If these developments can also be applied to Central 
and Eastern Europe, then predictions can be made for these countries on the same basis. 
However, it is risky to make statements about anticipated changes, particularly for the future. 
Reason enough to say something about the past in highly motorised countries, but not to be 
too eager to make statements about future road hazard developments for countries in Central 
and Eastern Europe. Nevertheless, lessons can be learnt! 

4. More mobility, yet fewer traffic fatalities. 

In various papers my colleagues Koornstra and Oppe have successfully modelled the 
developments of road fatalities based on long term developments in traffic growth (motorised 
kilometres) and in fatality rates (road deaths per distance of travel). The so-called logistic 
function, which is a S-shaped curve, fits the long term trend of . traffic growth for many 
highly motorized countries. This could be illustrated for example by data from the USA, 
covering a period of almost 70 years (Figure 4). 
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Figure 4. The S-shaped development of kilometrage in the USA. 



Based on this curve a saturating level could be derived, assuming a growth of kilometrage 
could not be infinite. Of course, forecasts about car-ownership and growth of a population 
could be used as well to define a certain saturation level. 

The growth of motorisation is accompanied by exponentially decreasing curve for fatality 
rates. This means a reduction in annual road fatalities per kilometre driven with a constant 
percentage (log-linear trend), although this percentage differs from one year to the next. The 
exponential curve is given for the USA, as an example (Figure 5). 
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Figure 5. The exponential decay of the fatality rates in the USA. 

The percent decline per year differs for different countries. Higher rates do not correspond 
with higher decline rates, although some indication could be found in different highly­
motorized countries that nowadays the fatality rate decline is lower than in the past. 
Koornstra and Oppe concluded on empirical data that cyclic modifications should be added 
to the long term macroscopic trend of mobility growth and of fatality rate decrease as well, 
although some space for discussion remains. Just by combining both developments as a 
product [fatalities = fatalitieslkilometrage * kilometrage] the development of fatalities 
could be described (Figure 6). This lead to the conclusion that a reduction in number of 
fatalities ought to be the result of a higher decrease in fatality rate than increase in mobility 
growth. Should the growth in mobility accelerate, for example due to high economic growth, 
then extra attention should be devoted to (road safety) measures with the aim of further 
decreasing risk in road traffic . 



mobility fatality rates fatalities 

x --
time 

Figure 6. Relation between mobility. fatality rates and fatalities. 

The following inte:resting results of these modelling activities are of great importance for 
policy making in Central and Eastern European Countries. First of all. remarkable differences 
are to be notified between different countries: high reduction rates in Japan and Finland (ca. 
10% per year) and lower rates in the UK and USA with ca. 4%. It seems to be that the more 
recent the motorization and the more explosive, the larger the annual decrease in fatality rate. 
This indicates that reduction rates of 8-10% in fatality rates must be considered as 
realistic targets for Central and Eastern European countries. 

Secondly, a correlation has been established in highly-motorized countries between traffic 
growth and fatality rate reduction: the slower the growth of mobility the less the reduction 
in fatality rate. High traffic growth percentages correspond with high fatality rate reductions 
in highly-motorized countries. However, in no sense this correlation is a result of a natural 
law or a spontaneous development. We might consider this correlation as a collective 
influence to adapt a society to growing traffic. Growing traffic requires an enlarged, renewed, 
improved and well-maintained road traffic system. This traffic growth and its corresponding 
adaptation results in better and newer roads, increasing mean driver experience, newer and 
safer vehicles and appropriate traffic regulations and enforcement. All highly-motorized 
countries went through this adaptation to mass-motorization. And a lot of information is 
available nowadays about effective measures to improve road safety. So, if (accelerated) 
traffic growth is not accompanied by appropriate risk reducing countermeasures and 
activities, a (disastrous) increase of road fatalities might be an outcome. 

But. thirdly, a lagged correlation between traffic growth and fatality rate reduction were 
observed. So, after some years high traffic growth lead to higher fatality rate reductions. This 
could be understood as time-lag which is needed to implement effective countermeasures for 
risk reduction. But this mean more fatalities due to traffic growth and some years later. 
hopefully, reduction . The lesson to be learnt here is, when accelerated traffic growth is 
anticipated, no time has to be lost to invest in safety! 

The developments of road traffic and casualties in Poland might serve as an example to 
illustrate the developments in Central and Eastern European countries. Figure 7 clearly shows 
that the average decrease in fatality rate over the last ten years (1982-1992) has changed in 
an increase, which could be considered of a temporary nature. 
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Figure 7. Rate change percentages in Poland. 

The question is what to expect from the future? Two different scenarios could be made. In 
the ftrst one we assume that the steep increase in fatality rates and fatalities form a part of 
the long term development in Poland (Figure 8A). Based on the assun't>tion that the situation 
during the end of the eighties was from an extraordinary nature and says nothing about future 
developments Figure 8B could be composed. 
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Figure 8. Predicted fatalities in Poland; A: data from 1953 to 1993 and B: data from 1953 to 
1988. 

From this the con1ctusion could be drawn that still a change exist of unfavourable 
developments in this field. But by investing in the quality of the transport system more 
favourable developments could be reached as well. Traffic growth, quality of the road 



transport system and road safety are strongly related. This ask for integration of road safety 
policy in traffic and infrastructure policy. When traffic growth will be accompanied by 
appropriate risk reducing measures, also in the field of infrastructure, casualty rates 
could decrease and, accordingly, the number of casualties. Without appropriate measures 
to reduce casualty rates the number of casualties will increase! 

s. Road safety: a social and political problem 

Road use fairly seldom results in an accident for a road user. On average a road user in the 
Netherlands gets involved in a fatal accident every 10 000 years. It is understandable that the 
risk of an accident occurring is virtually of no importance in the daily driving experience of 
a road user. Looked at in this way, road safety is not a problem. 
However, because a great many people live in a country and use the roads and because there 
are a great many streets and junctions, a completely different picture emerges. Viewed 
collectively, there is indeed a problem. Every year tens of thousands of people die in road 
accidents in CEECs (compared to 50,000 per year in the EU), including many children and 
young people. In addition, hundreds of thousands of people are injured in road accidents, 
which makes heavy demands on the health service as many accident victims are permanently 
disabled. All this results in substantial economic losses (1 - 2% of the GNP). 

In addition to the factual, objective consequences of accidents, road safety has another, more 
intangible and subjective dimension. Responsible citizens complain to the government about 
hazardous situations: people drive too fast or a crossing is dangerous. There are parents who 
are bothered by the feeling that something could happen to their children in traffic. These are 
objective and subjective aspects of the same problem, a problem that, individually, results in 
tragedies, a problem that incurs enormous social costs for society as a whole. 

Yet road safety does not seem to be perceived as a major social problem; nor is it perceived 
as a major political problem. If a society does not appear to take road safety seriously, it is 
extremely difficult to gain public support for road safety measures, either from institutions 
or from individual citizens and road users. A fonn of social mobilisation is involved here, the 
fIrst phases of which are problem identification and problem recognition. Public support 
based on public awareness is no static concept, but rather a dynamic one. Public support can 
be created and if it exists one day, it can diminish the next. The result is that 'maintenance' 
is needed. In addition to establishing an effective organisational structure, achieving public 
support is one of the fIrst activities that could be carried out within the framework of an 
(intensifIed) road safety policy. 

Influencing social nonns of behaviour in traffic follows naturally from this (Evans, 1991). 
Hence in some countries, drunk-driving has been reduced not only as a result of more 
intensive police enforcement, but also because a successful policy has been pursued to reduce 
the social acceptability of drunk-driving. Such a campaign is even more effective when it fits 
in with a more general campaign to discourage people from drinking alcohol ('alcohol ruins 
more than you think' and 'enjoy, but drink in moderation'). It appears that these forms of 
behavioural influence are also effective in other areas (smoking, healthy diet, physical 
exercise) and can be in the fIeld of road safety. 

An approach known as social marketing has recently begun to play a part in road safety 
policy. It includes phases of analysing the 'market', determining the needs and requirements 



of the target group, formulating clear objectives, strategies and implementation programmes 
(OECD, 1993). There is an impression that if this approach had been adopted earlier, certain 
policy objectives would have been achieved earlier and at lower cost. This conclusion is 
partly due to the fact that the belief in legislation and subsequently in the enforcement of 
legislation has diminished. This option does not appear to lead to the objectives set or else 
would involve prohibitive costs. 

This does not mean to say though that no legislation would be required for some issues. 
There is sufficient evidence (Wegman, 1992) that legislation and the associated enforcement 
of legislation has positive effects on behaviour (speed limits, wearing a seat belt etc.). What 
is in fact meant here is that legislation should not be the start of a journey that leads to a 
change in behaviour, but rather it should be the end of the journey. Legislation would only 
be introduced when (a considerable proportion of) road users have seen the sense of changing 
their behaviour and have demonstrated the desired behaviour to a certain extent. This 
approach will probably result in less discussion about the content of legislation and in better 
legislation! 

Now that there are signs of regained freedom in CEECs, manifested by an unwillingness to 
obey traffic regulations etc., it might be interesting not just to react by introducing new and 
stricter legislation in this area, but to follow this social marketing approach. 

6. Road safety: a policy problem 

For years countries have had the task of improving road safety and many, if not all countries 
in the world will make an effort in some way. Politicians and policy-makers in positions of 
responsibility call road safety a serious social problem yet it does not seem to be taken 
seriously as a policy problem. The following statements have all been made at some point: 

The yardstick used is inadequate. Accident records are incomplete and those accidents 
that are recorded occur throughout the entire road system, seemingly unsystematically; 
there is nothing that can be done about it. 
Road safety measures encounter opposition, especially those that restrict individual 
freedom. 
The effects of measures are debatable and unknown in advance. With regard to the 
cause of and remedy for accidents, different opinions are fairly often expressed and 
it cannot be proved whether these are right or wrong. 
The effects of measures are not subsequently 'measurable'. It often proves difficult 
to make statistically sound judgements because the effect of measures is often 
difficult to 'isolate' from other influences and because chance fluctuations can play 
a major part. 
Central government cannot do everything alone. Tackling the issue of road safety 
requires effort from many bodies. This means that good collaboration is essential. It 
is dif~ult to achieve good collaboration and a lack of it can be demotivating. 
There are doubts about what authorities can do. It is difficult to determine the effects 
of measures taken by authorities in terms of a reduction in accidents and at flfst sight 
the effects are not apparent. As a result of this the view can - mistakenly - take root 
that a local government policy makes no difference. 
Understanding of road safety problems is not enough, whereby common sense and 
personal experience as a road user sometimes determine the view of individual 



policy-makers and politicians. This situation in itself leads to disputes as regards 
content and policy. 
There is a lack of administrative precedent and experience in implementing measures. 
Tackling the issue of road safety - particularly where road safety is a facet of other 
areas of policy - has virtually 'no administrative precedent. 

More than enough reasons for coming to the conclusion that formulating and implementing 
a road safety policy is no easy task. Quite apart from the 'usual' problems such as inadequate 
funds and a lack of sufficiently qualified personnel, whose numbers are, moreover, dropping, 
due to government cuts. In policy and administrative terms the improvement of road safety 
is a persistent and tricky problem requiring a great deal of inventiveness and decisiveness and 
involving a real risk of failure. To put it briefly, the improvement of road safety is not a 
subject for timid administrators who like to play it safe. To cope with these problems a 
recent OECD-study 'Targeted road safety progranunes' (OECD, 1994) could be helpful. 

7. A National Road Safety Plan 

A National Road Safety Plan is an important means of getting and keeping this subject on 
the political agenda. What is more, a plan of this kind can also act as a reference for 
implementing policy. First and foremost, the plan should include a philosophy about how 
road safety is to be improved, in the short term and in the longer term. The plan should 
therefore open up possibilities and indicate frameworks. 

A plan is not enough in itself. Conditions must be established that the plan will also be 
implemented. In the OECD-study 'Targeted road safety programmes' the conclusion is drawn 
that, based on fmdings available, "targeted road safety progranunes do not guarantee better 
results than routine-type safety activities or automatically improve either programme planning 
or the likelihood of the desired accident reduction. However, a number of the features of 
targeted road safety programmes encourage good practice in progranune planning. Clearly 
formulated road safety targets can guide policy making in a better way than less elaborate or 
less detailed road safety targets and, thus, improve safety performance." 

In the Netherlands, a great many policy plans have emerged in the past in the area of road 
safety. Based on this experience, it is advisable to devote some attention to the following 'ten 
commandments' in a road safety plan: 

raise awareness and support in society and create public acceptance of safety 
measures; 
integrate with other areas of policy; 
create network of well-educated professionals and interested citizens; 
use know-how when implementing policy; 
check quality of implementation; 
combine long-term strategy with short-term successes; 
start with well-known and simple cost-effective measures; 
reduce chance of human error by increasing predictability in traffic, making traffic 
more homogeneous, reducing speed and separating road user categories; 
improve vehicle safety; 
improve emergency services and hospital care. 

An international team of experts developed a methodology to assess the effectiveness of a 



'National Road Safety System' (Worldbank/European Community, 1992). Two functions are 
defined in this methodology: 

I. In the framework of the general design of road safety policy 
1.1. Set up a road safety policy 
1.2. Identify the problems 
1.3. Identify and maintain specific skills 
1.4. Obtain the necessary financial resources 

H. In the framework of the implementation of the road safety policy 
2.1. Set up general regulations relating to behaviour and protection of drivers (and 
passengers). 
2.2. Improve safety level of infrastructure 
2.3. Train and educate 
2.4. Control and penalize 
2.5. Ensure good conditions of new vehicles and those in use 
2.6. Inform and make aware 
2.7. Set up an effective emergency service for accident victims 
2.8. Evaluate before and after the efficiency of measures and programs 

8. Organisation of a road safety policy 

A former Dutch Minister, who was responsible for coordinating the road safety policy, once 
wrote: "As Minister of Transport, Public Works and Water Management, I am responsible for 
the national road safety policy. I do not shirk this responsibility. However, I would stress 
once more that a Minister alone can accomplish very little. Road safety is a matter that 
directly concerns half of the Cabinet, but also, and particularly, administrators of provinces 
and local authorities, not to mention over 14 million other Dutch people" (Ministry of 
Transport, Public Works and Water Management, 1991). The following conclusions were 
drawn from this: 

attach more importance to coordination within the Cabinet; 
more targeted collaboration by all of the organisations within a province that have a 
role to play within the context of road safety; 
persuade citizens to obey traffic regulations that are vitally important. 

Attaching more importance to coordination within the Cabinet means first and foremost 
making a statement of political will. A statement of this kind, supported by the Cabinet, 
legitimises activities relating to harmonising policy in various areas in the context of the 
improvement of road safety. The 'competitive position' of road safety is reinforced by the 
quantitative terms of reference which have been in existence for some years now: 25% fewer 
casualties by the year 2000 and before 2010 50% fewer deaths and 40% fewer injuries than 
in 1985 (Ministry of Transport, Public Works and Water Management, 1991). 

Over the years it has proved necessary to have a separate unit within central government 
where road safety policy is coordinated and specific aspects of the policy can be 
implemented. Due to the complexity of road safety problems, some countries have opted to 
house this 'Road Safety Agency' within the offices of the Prime Minister (Japan, France). 
Other countries have brought an unit of this kind within a specialised department, usually the 
department that is responsible for transport and/or infrastructure. This agency organises 



(formal) discussions with other ministries. In addition, discussions with other organisations 
and institutions, that are of relevance to road safety, are very important. 

If, in addition to coordination, an unit of this kind is also allocated executive tasks. two risks 
should be combatted. First of all that other departments within central government (in the 
field of physical planning for instance, the health care system or the police supervisory 
organisation etc.) think that, because a road safety unit exists, they can be less involved. It 
might also happen that the dynamism of the road safety unit takes the initiative away from 
other bodies. 

To summarise. an attractive type of organisation is a separate unit or agency which combines 
implementation of policy (particularly within the road safety sector, such as driving lessons. 
road safety campaigns) and coordination of policy (road safety seen as a facet of other areas 
of policy). This unit should have sufficient direct access to a Minister in order to be able to 
aim at an effective policy. The unit has a relatively modest budget to enable policy to be 
implemented by others based on the idea of 'setting a sprat to catch a mackerel'. In addition 
to carrying out its own tasks efficiently, the service will lay great emphasis on coordination 
by facilitating the activities of others, by providing encouragement and by making it 
attractive for others to contribute to promoting road safety. 

Neither one Minister alone nor central government alone will be capable of pursuing an 
effective road safety policy. In 1993, there are doubts about a 'makable society', but the view 
that central government could make a society finds little support any more. Other sections of 
government and private organisations are vital links. Local and provincial government in 
every country in the world has a crucial role to play in physical planning and in the 
construction and maintenance of road infrastructure, where they enjoy a relatively large 
degree of policy freedom. The more active these administrative layers are, the more 
knowledge that is available, the higher the budget allocated to improve road safety, the more 
effective the efforts made in terms of a reduction in the number of road accident casualties. 
Perhaps this is one of the most important organisational provisos for a successful road safety 
policy. 

Another effective means appears to be to allow private organisations to participate in 
formulating policy and to involve them in implementing aspects of the policy. What is more, 
private organisations need to work together and reinforce one another rather than hinder one 
another. The road safety unit has an important part to play in this process. Private 
organisations and organised interest groups that are working together must be considered 
capable of exerting social pressure and creating public support within society. A road safety 
parliament or a road safety council might be seen as a formal expression of these views. 

9. Infrastructure policy and road safety 

Since the beginning of the fifties a great many measures have been taken that have resulted 
in a substantial reduction in the risk of having an accident and have also led to a decline in 
the annual number of casualties. It seems that it is not possible to give a satisfactory 
explanation for the actual development; it is. however, possible to give an expert opinion on 
the basis of research findings. 

The sixties and seventies saw a great deal of investment to expand and improve road 



infrastructure in highly motorized countries. This resulted in a considerable expansion of the 
motorway network and in through traffic being diverted away from built-up areas. 
Comparison of the fatality rates for various types of roads reveals that the traditional roads 
(main roads within built-up areas and dual carriageways outside built-up areas, to which all 
traffic is admitted) are among the most hazardous (Figure 9). The fact that the proportion of 
safe types of road (calming areas and especially motorways) in the total length of 
infrastructure has increased, and that the proportion of mobility on these roads and streets has 
increased even more sharply. has certainly contributed to the drop in the fatality rate. 
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Figure 9. Injury accidents in the Netherlands (1986) per million vehicle kilometres. 

A large part of the present road system, however, is still that roads and streets are expected 
to fulfIl several incompatible functions at the same time, where the road user has generally 
to guess what to expect from the road traffic situation and is presumed to guess what others 
expect from him, where road users can and do drive at relatively high speeds, where large 
differences in speed are possible and do in fact occur, and where encounters with other road 
users coming from different directions are possible (SWOV, 1993). These factors explain the 
relatively high risks on these roads. There is some talk of a road system that has all the 
characteristics of gradual adaptations (not geared to one another) of the increase in mobility . 
There are three principles which, if they were adopted systematically and consistently, would 
result in a substantial decrease in the number of casualties. These thr,ee safety principles are 
functional use (preventing unintended use of the infrastructure, related to the function of the 
road), homogeneous use (preventing large discrepancies in speed, direction and mass at 
moderate and high speeds) and predictable use (preventing road users from experiencing 



uncertainty). 

If these principles were to be adopted. three functions of the road system would be clearly 
discernible for the road user: the flow function (rapidly processing with through traffic). the 
access function (making residential areas and districts easy and rapid accessible) and the 
property and residential function (making homes and shops accessible and at the same time 
making the street a safe meeting place). The design of the roads should be adapted to the 
allotted function; combinations of functions should be excluded as far as possible. It would 
have been advisable when constructing and expanding the road system to adopt the principles 
mentioned as far as possible. which would have meant that such large investment~ were not 
necessary (in retrospect). For that, a reference plan for the whole infrastructure would have 
been needed in which a hierarchically designed road system should have been the starting 
point. Furthermore, there would have to have been design guidelines in which road safety 
formed an important starting point and where (legal?) steps were taken to prevent deviation 
from the required design qUality. 

Now that CEECs can expect an increase in mobility and expansion of the infrastructure. it 
would be advisable to speak out in favour of such an approach instead of acquiring a higher 
degree of road safety at a later date at a much higher cost. as is the case in highly motorised 
countries at present. 

This does not mean though that no further gain in road safety could be achieved in the short 
term with infrastructure measures. On the contrary, it is advisable to take low-cost measures 
in places where many accidents occur. Furthermore, highly motorised countries have amassed 
a great deal of knowledge, which at present is termed basic but which has been built up over 
many years, about the effect of road design, road construction and materials on road safety. 
Examples include the use of marking and signposting. road surfaces (unevenness) and winter 
maintenance. From the point of view of harmonisation it is also advisable for CEECs to 
adopt the general course of action of becoming a party to international treaties and 
conventions in this field. 

10. Conclusions and recommendations 

1. If it is assumed that the recent political and economic changes in Central and East 
European Countries (CEECs) result in economic growth, there will be an extra increase in 
mobility which, unless road safety measures are taken quickly, will lead to a decrease in road 
safety in CEECs. The increase in the number of road accident casualties in recent years 
proves that this expectation is correct The number of casualties per 100,000 inhabitants and 
per 10,000 vehicles is (substantially) higher in CEECs than in highly motorised countries. 

2. It is realistic to expect that an effective road safety policy in CEECs will result in a 
smaller decrease in road safety, as was the case in highly motorised countries until the 
beginning of the seventies. 

3. With the knowledge that is presently available about the developments in road safety and 
the effectiveness of measures in highly motorised countries. the approach adopted in these 
countries could perhaps have been different than was the case in the past CEECs might 
consider learning from this. 



4. Road accidents usually occur as a result of a critical combination of circumstances and 
seldom have just one cause. There appear to be many opportunities for preventing human 
error that brings about road accidents (cf. the so-called phase model of the accident process). 
This could be used as a starting point when formulating a road safety policy. This means that 
thoughts and arguments with regard to road safety have to play a role in decisions concerning 
physical planning and urban development, in traffic planning, in policy concerning education, 
the police and justice system, the health service etc. This calls for integrated road safety 
programmes and requires the government to be organised in such a way as to reflect these. 
A unit with the important task of coordinating policy is a vital aspect of this organisation. 

5. A politically sanctioned National Road Safety Plan, that is based on the starting points 
formulated above, is regarded by the entire road safety community as being its 'ownership', 
can count on the support of (large sections of) the public, is based on a clear analysis of road 
safety and contains concrete (quantitative) targets, can make a significant contribution to 
improving road safety. The implementation of this Plan should be monitored and the 
evaluation results of the monitoring should, if necessary, and in view of the targets to be 
achieved, lead to additional efforts being made. 

6. The improvement of road safety should be situated in the long-term perspective of 
development towards 'sustainable' safe road traffic. Such a long-term perspective (20 years 
or more) should include concrete short-term goals. Steps should be taken to prevent measures 
being taken that jeopardise long-term targets: making compromises hinders the achievement 
of long-term targets and leads to extra costs being incurred. 

7. Based on political will, on a proper organisation and making use of existing knowledge on 
the most effective and efficient measures, road safety can be improved. The chain is as 
strong as the weakest link. Improvement of road safety is an organisational and management 
problem in which the role of the government is crucial. Financial resources - or rather the 
lack of them - should not so much determine targets, but rather should only affect the speed 
at which the objectives can be achieved. 
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Two thousand years ago, roads as we know them nowadays did hardly exist: 
the connections between towns and villages were no more than tracks which 
had gradually come into being through the landscape as people needed them 
to be able to travel. Personal needs to travel were not so manyfold in those 
days; the main goal would have been the transport of goods. 

The first roads that were actually built on our continent were created by the 
Romans. No much attention was paid to traffic safety by that time. We must 
assume that most of the hazard on the long lonely stretches of road between 
settlements was created by robbers rather than by imperfections of the roads 
themselves or by the presence of other road users. 

Things have changed since. Road hazard has become a major factor threaten­
ing our lives and health. On the average, everyone of us will get injured in a 
road accident during his lifetime. 

Many studies have been carried out on the causes of road accidents. Mostly, 
a distinction is made between causes that have to do with human failures, 
with vehicle failures and with road failures. 

Those studies are being made by using data on accidents that have really 
occurred. In some cases, there are differences in attributing the causes of 
accidents to one of these three categories, but the major part of the accidents 
is usually blamed on human failures. 

Of course, there is an essential difference between vehicles and roads on one 
hand and man on the other hand. Vehicles and roads are dead things that are 
as they are, with only a very little chance of an unexpected break down. A 
human being, on the contrary, has the possibility to act in an endless number 
of different ways. This may be considered as an advantage, because he can 
choose the proper traffic behaviour under different conditions. He can even 
react to unexpected events to a certain degree. He can discover irregularities 
in the functioning of his vehicle, see a hole in the road, or perceive erron­
eous behaviour of his fellow road users; and he can adapt his traffic behav­
iour accordingly. 

There is a reverse of this medal, however. A human is no machine: he 
makes many more mistakes, especially in modem traffic where he must con­
stantly make decisions and act accordingly. The large number of variations 
in possible actions is adversely affecting his performance. This is why he is 
blamed in most cases. 
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In view of this, everything must be done to relieve the task of the road user. 
The easier his driving task, the less errors he will make. Less human errors 
will result in less accidents. 

Proper road design, geared to the limitations and abilities of the drivers, is 
crucial to prevent human errors in traffic as much as possible. To this end, 
three safety principles were developed to be applied in a systematic and 
consistent manner: 

preventing unintended use of each road; 
preventing large differences in vehicle speed, mass and direction of 
movement, thus reducing in advance the liability of serious conflicts; 
preventing uncertainty amongst road users, by enhancing the predicta­
bility of the road's course and of the behaviour of fellow road users. 

How can we design roads in such a way that these principles are met? 

Unfortunately, the relationships between separate road features and road 
safety are not yet well understood quantitatively. The finding of such 
relationships is obscured by a variety of disturbing factors, such as the 
variety in road users, in vehicles, risk increasing circumstances, different 
traffic regulations etc. So there is still uncertainty among traffic engineers 
whenever they must design a road. 

In this respect, design standards can be of great help. If d~sign standards are 
available, they may provide the answer to many questions arising in the mind 
of road designers. However, some important problems exist in this field. 

First of all, not all European countries possess design standards for all road 
types. And if they do, they do not always apply these standards, owing for 
instance to lack of sufficient physical space or because the standards may 
lead to expensive designs. When standards are applied, some space of inter ­
pretation may lead to different road design even in the same jurisdiction. 
Furtheron, there is no accordance between various countries on the matter of 
standards. 

Due to the lack of hard evidence of the relationships between road design 
and safety, those responsible for compiling design standards tend to rely 
heavily on their own judgements . Most of the time they are inclined to use a 
limited amount of well-known and often cited references. Application in 
some Western European countries of the U.s. Highway Capacity Manual in 
the fifties and sixties is a famous example in this respect, and probably the 
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best which could be done under circumstances of lacking appropriate Euro­
pean research results. 

The partial unavailability and the non-accordance of design standards for the 
road network in Europe increase risks and therefore contribute to the actual 
size of the road safety problem. 

Activities focused on full availability of road design standards and on their 
mutual accordance are expected to fulfil better the three road safety prin­
ciples that I mentioned earlier, and, consequently, are expected to lead to a 
safer road network. 

So far my introduction to a study that was made on this matter by the Dutch 
SWay Institute for Road Safety Research. Sway has studied the question 
whether proper road design, based on well-established design standards, 
could reduce the enormous number of fatalities and injuries on European 
roads each year. The work was commissioned by the European Commission, 
and we have carried it out in close cooperation with experts from most of the 
12 member states. 

The aim of the project was: 
to analyse to which degree road safety arguments have been a factor in 
compiling existing road design standards in the European countries; 
to find ways how to increase the impact of the safety aspect in future 
design standards. 

Within the framework of this project, a number of questions were treated: 
• Why do we build roads? What are their functions? 
• How do we build roads? Which criteria do we use in designing them? 
• What is the benefit of using design standards? 
• Should all standards be equally firm? 
• Which are the consequences of international harmonization? 
• How to treat departures from the standards? 

Definite answers to all questions were not provided, but I will give you some 
impression of the possible ways of finding the solutions. 

The first safety principle: preventing unintended use of each road, calls for 
first establishing the intention of every road. In other words, the first 
question was: Why do we build roads? What are their functions? 

Roads are built with one major function in mind: to enable people and goods 
to travel from one place to another. We call this the trqffic function. Diffe -
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rentiating within this traffic function, a distinction can be made between the 
following aspects: 

the through function: enabling rapid processing of long distance traffic; 
the distributor function: serving districts and regions containing scat­
tered destinations; and 
the access function: granting direct access to properties. 

10 built-up areas, an other important function of a road may yet be distin­
guished: allowing people to stay in the vicinity of their homes, for social 
contacts or outdoor activities. This function has received increasing attention 
of road designers during the last decades, especially in residential areas. We 
call it the residential junction. 

The distinction between the functioning of roads described here is often not 
so clear. In the present situation, most roads are multifunctional, i.e. they 
perform a mixture of the aspects of the traffic function in varying combina­
tions. This is when problems arise because the three aspects of the traffic 
function lead to contradictory design requirements. For instance, long 
distance traffic is associated with high speeds, while access to properties is 
identified with low speeds. 

The contradiction between the requirements for satisfying both the residential 
function and aspects of the traffic function is even greater. Only the direct 
access function of a road could to a certain extent be satisfactorily combined 
with the residential function. 

As an aid to solve the contradictions between all the functional requirements 
and to nevertheless enable the roads to fulfil their various roles like they 
should, road classification is generally introduced. The main purpose of road 
classification should be that the actual function combination of a road is 
made more clear to the road users by means of distinct features, thus 
relieving the task of the road users. 

Road functions and classification are dealt with extensively in a separate 
presentation during this workshop. 

The next question was: How do we build roads? Which criteria do we use in 
designing them? 

Roads are designed with a large number of criteria in mind, such as : 
travel time 
comfort and convenience 
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safety 
environment 
energy consumption 
costs 
town and country planning. 

They all affect the final design of a road. 

Most of the criteria are of mutual influence; some combinations of criteria 
are conflicting. The art of designing a road is predominantly the art of giving 
the right weights to the various criteria, in order to find the most satisfying 
solution. 

It is important to recognize that safety has usually no particular position and 
must compete with the other criteria. 

Not all criteria are dealt with in the same way. Some of them, p.e. comfort, 
are dealt with qualitatively, whereas for others, such as noise pollution, we 
adopt quantitative norms. Some are considered explicitly in the course of the 
design process, others are allowed for implicitly, in one or more stages of 
the process. A third possibility is that criteria are dealt with on a separate 
level through the setting of specific norms. 

Under these conditions, assigning the right weight to every criterion is not so 
simple; especially when the importance of criteria is subject to political 
influence, the final outcome is unpredictable. 

Safety is usually among the criteria that are allowed for implicitly and only 
qualitatively: at every step in the process, the designer is supposed to take 
decisions with safety in mind, but decisions are rarely taken exclusively for 
the sake of safety. Thus, at the end of the process, it is difficult to judge to 
which extent safety has been taken into account. 

It is clear from this that there are limitations to the levels of safety which 
are, and can be, achieved through the traditional road design process. It is 
perhaps about time to move towards a more explicit formulation of safety 
levels. The existing knowledge of safety levels associated with various forms 
of transport and on various road types should lead us to formulate required 
safety levels to which the total road network system should be designed. It 
should be noted that we run some 100 to 200 times greater risk per passen­
ger kilometre in road traffic compared to rail and aviation traffic. 

A first step could be put by requiring safety audits, not unlike the envi­
ronmental impact assessment procedures in a number of countries . 
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Only recently, another interesting attempt in this respect has started in The 
Netherlands, by developing the concept of sustainable safety, i.e. the 
creation of a road transport infrastructure that can provide an acceptable 
level of safety in the long run. I will return to this point in my presentation 
on road classification to-morrow morning. 

This brings us to the third question: What is the benefit of using design 
standards? 

Geometric design standards are generally supported on three main grounds: 
to ensure uniformity among different designs, thus making traffic 
situations and road user behaviour more predictable; 
to enable the existing expertise in geometric design, to be more broadly 
applied; and 
to ensure that road funds are not mis-spent through inappropriate 
design. 

To serve these aims standards must have a certain degree of coercion. 
Coercion may be felt as a support when designing a road, as I said earlier. 
In this respect, standards can be a great help. But compelling standards have 
also disadvantages. They diminish the freedom for the designer to find the 
right balance between the various criteria. Important decisions have already 
been taken for him; he can no more weigh up carefully the various interests. 

But even if there is space for a choice, sufficient information on the 'amount 
of safety' incorporated in each of the possible standard solutions is lacking in 
most cases. Whereas safety ought to have been a major consideration 
underlying the design standards, its actual impact is doubtful. 

And, finally, innovative developments are almost impossible if compelling 
standards have been set. 

It appears from th·1S discussion that the status of a standard is a matter of 
interest, i.e. is the standard compulsory; is it just a guideline; etc. This 
status should, of course, be closely related to the technical soundness of the 
standard. Making a standard compulsory is only justified if there is the 
certainty that the solution offered is the optimal one. 

Possible improvements in this situation might be achieved by: 
assuring a better connection between research results and standards; 
and by 
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differentiating the status of the standards. 

This brings us to the question: Should all standards be equally firm? 

An attempt to classify standards with regard to their firmness was made in 
the Dutch standards for urban roads. The facilities described are distin­
guished by means of a stars system as follows: 

***** 
**** 

*** 

** 
* 

regulations to be complied with; 
guidelines from which can be deviated only with a sound motiv­
ation; 
recommendations to be preferably followed because it is assumed 
that their effect is favourable; 
suggestions of which a favourable effect is expected; 
possibilities of which a favourable effect is suspected only. 

To classify an individual standard, an analysis was made of the reasoning 
behind it and the nature of the assumptions made. In doing this, our suspi­
cions were confirmed that traffic safety had not been the only criterion when 
the standards were drawn up. 

There is a need for a better understanding of the degree of technical firmness 
of respective standards, with special regard to the safety aspect. This infor­
mation, reflected in the status of each standard, will enable the designer to 
make use of the standards in the most appropriate way. Then, also, it will 
become clear that some standards give the impression of being firm, while 
they were actually built on assumptions. 

We arrive then to the question: Which are the consequences of international 
harmonization? 

Harmonization of road geometric standards within Europe has the same 
advantages and disadvantages as apply to the setting of national standards, 
but now on a larger, international scale. However, there are some additional 
problems. 

At present, design standards vary greatly from country to country, partly 
because safety is implicitly treated in a different manner in [he various 
design procedures. This is an alarming conclusion, especially in view of the 
expected continuing growth in tourism and trade. 
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Several attempts were made in the past to harmonize elements of different 
standards, with more or less success. Harmonization can be strongly pro­
moted by producing sound results of research rather than by negotiating. 

Harmonization of design standards will tend to incline towards the higher 
norms accepted in some countries, thereby augmenting levels of safety. In 
this lies also one of the drawbacks of harmonization, because a higher norm 
is most likely associated with higher costs. There will be different willing­
ness to accept high standards because of varying economic situations. 

A third drawback might be the radical change in standards· that could be 
necessary in some countries. Harmonization is especially hindered in the case 
of different driving behaviour and cultures in the countries involved. 

National standards contain sometimes specified margins around certain 
values, which may be used by the designer 'in emergency'. Unfortunately, it 
is not always indicated what situations can be described as emergencies. 

Thus, as international harmonization is concerned, the last question of my 
list will repeatedly be raised: How to treat departures from the standards? 

Must departures be tolerated, and under what conditions? Ought margins to 
be set within which national standards are allowed to diverge up- and down­
wards? What will be the implications, especially in terms of safety and costs, 
when allowing lower standards? 

I will deal only briefly with these problems. A possible solution could be a 
sound system of margins allowing designers to depart from. certain values, 
accompanied by a set of well-founded instructions indicating under what 
conditions departures are tolerated. Rules to allow systematically for the use 
of margins are in force in some countries only. 

Let me finish by summarizing the main findings of the study. 

We must conclude that the safety aspect is not c early represented in existing 
design standards. To improve the impact of the safety aspect among the 
other criteria we arrived at the following recommendations: 

• a more explicit treatment of safety is wanted 
• a better connection between research results and standards is required 
• there should be a differentiation in the status of the standards, and 
• a system of margins, together with a set of instructions how to make 

use of it, is worth considering. 
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Need for clear traffic situations 

Most people do not travel for the sake of travelling itself, but because they 
want to go elsewhere or because they want to bring goods to a place 
somewhere else. Or, better, want to be elsewhere, or want the goods to be 
elsewhere. For most people, therefore, travel time is lost time. That is why 
they try to minimize the journey times, and the most natural way to do this 
is by travelling as fast as reasonably possible. 

This means that they do not have ample time to study road situations, but 
that they are forced to take a view of these situations at a glance, and take 
the necessary actions within a short time. Therefore, road situations must 
offer clear information to all road users about the route and manoeuvre 
choices they can make to find their way. 

Road characteristics tend to be also associated with traffic characteristics; 
they elicit certain expectations based on earlier experiences. For example, 
motorists driving on roads with dual carriageways, wide lanes and a straight 
course will genera ny anticipate high speeds and not take into account slow 
traffic nor intersecting traffic. So, if unexpected traffic characteristics occur 
on such a road (e.g. the presence of an agricultural vehicle) or a sudden 
change in road characteristics (e.g. a sharp bend), then this demands extra 
effort from the road user. His task becomes more difficult instead of easier. 
And our objective should be to relieve the task of the road user. 

The road situation offers very important information to the road users on 
how to behave and to act. Road users 'translate' road characteristics into 
behaviour on the road. This should be the basis for a safe design of the 
infrastructure. The planners and designers of road networks, roads and junc­
tions could still take more account of the behaviour - and the opinions - of 
road users. 

It would be easy if all roads and all junctions could be designed and built 
identical. In that case, the expectations would be always the same, and traffic 
behaviour likewise. But, roads are not built to please the road users, but to 
perform certain functions in the interest of the society. These functions, 
often more than one, may diverge largely from one road to another. Because 
of this, there are great variations in the design of roads and in the way they 
are being used. Another diversifying factor is of course that the environ ­
mental conditions may vary largely. 

So we have the problem that, on one hand, there is a call for uniformity, and 
on the other hand, there is the need to diversify. 
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In this situation, road classification can be an important help. The main pur­
pose of road classification from a safety point of view is that the functions of 
a road are being made clear, so that road users have a better expectation of 
the traffic processes on that road, and behave accordingly. To this end, the 
shape of a road must be consistently related to its functions. 

The triangle purpose - shape - use 

The intended functions - the 'purpose' - of a road should first be clearly 
expressed as part of the traffic policy plan. It is then the task of the road 
designer to give 'shape' to those functional requirements. In addition to the 
road infrastructure, there are also traffic rules which must finally yield a 
proper 'use' of traffic facilities. The relationship between 'purpose' 
(= intended functions), 'shape' (= design) and 'use' (= actual functions) of 
a road may be shown in a triangle. 

Starting at the top, the 'purpose' (intended functions) is understood to mean 
the tasks which should be fulfilled by the infrastructure element. This 
intended functioning is generally drawn up in a traffic plan, after town 
planners, technical experts and politicians have expressed their views. The 
registered transport needs mayor may not be accepted and proposals can be 
made for the improvement and expansion of traffic links. 

Next, the 'shape' as realized on the basis of the design translates the func­
tional requirements for traffic facilities into road constructions. 

'Use' is understood to mean the traffic behaviour as manifested on the 
realized road network. These actual functions of the traffic facilities can then 
be compared with the intended functions. The difference between objective 
and reality can be measured through the signals received about traffic 
obstructions, accidents, noise pollution and other forms of traffic related 
problems. 

U sing a road classification, we can steer many aspects of traffic behaviour in 
a desirable direction. Such a structural approach will exert a positive 
influence on the quality of the traffic process in terms of flow, safety, 
comfort, environment and costs with the use of the road network. This 
means that road users should also have an understanding, conscious or 
otherwise, of the functional relationship between parts of the road network. 
In other words: the functions of the road and its environment, respectively, 
will have to be communicated in one way or another to the road users and 
also to persons residing along that road, since behaviour after all is the 
manifestation of actual functions. 
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Since several decades, a distinction within the road infrastructure is more 
and more being made between residential areas and 'traffic areas'. People 
live, work and spend their leisure time in the residential (and working) areas, 
while traffic areas are intended for the transport of people and goods, 
generally by means of vehicles. The traffic area consists of road networks 
which offer a great diversity in transport possibilities to suit the various 
types of vehicles. 

It is mainly the speed options which imply a major consequence for road 
hazard on these road networks and for the quality of life in the adjoining 
residential areas. Roads are indeed intended for driving over, but not all 
roads are constructed to allow fast driving. In most existing situations, there 
is still no clear distinction between residential and traffic areas. People may 
live along roads, and vehicles are allowed to enter residential areas. 
Nevertheless, the traffic function and the residential function of a road are 
contradictory . 

As the various possible functions of a road are a very important issue in this 
explanation, there is a need for a more exact description of what is meant in 
the respective cases. 

Road functions 

Within the traffic junction, three aspects can be distinguished: 
- the through function 
- the distributor function 
- the access function. 

The through function of a road is primarily determined by the qualitative 
pOSSIbilities traffic should be offered to allow it to flow. The quality of flow 
increases with greater continuity and higher speeds. At a higher traffic 
volume, the same quality of flow can be offered by widening the road. This 
means that the allocation of the through function in principle is independent 
of traffic volume. Continuity and a relatively high flow speed are made 
possible through a continuous flow (without traffic turning off, crossing or 
entering). 

In general, the desired quality requirements for the through function will be 
set at a higher level as the volume of through traffic increases. A distinction 
between through traffic and local traffic on a stretch of road is easy to make, 
in theory: through traffic does not have its origin nor its destination along 
that stretch of road or in the relevant district . 
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The physical road characteristics which accentuate the presence of a through 
function are recognized by the cross-section (for example broad, dual car­
riageways) and by the longitudinal profile (for example, due to the lack of 
tight horizontal and vertical curves). The more dynamic characteristics of the 
through function are determined by the traffic itself: for example, high and 
homogeneous speeds by motor vehicles only, driving in one direction 
without being hindered by intersecting traffic. 

The distributor function (at the same time the collector function) of a road is 
determined by the need to enter or leave the road at junctions. The quantity 
of this 'distribution' increases as the number of junctions rises. In addition, 
the distributor function increases when there are more turning and crossing 
vehicles at the junctions. The distributor function will perform better if the 
vehicles on the road move at a lower speed, at least at the junctions. 

The road characteristics which indicate the distributor function can be found 
at all junctions along the road. The frequency of such discontinuities is 
important. In addition, dynamic characteristics also determine the distributor 
function, for example markedly varying speeds over the length of the road as 
a result of a relatively large number of vehicles intersecting, turning off or 
entering. The design of the junctions should be derived from the intended 
combination of functions of the road. 

The access function of a road can be derived from the function of the areas 
along that road. The static characteristics of the access function are 
determined by the constructions adjoining the road. These may vary due to 
the many possibilities offered by human activity. Recognizing the nature of 
these activities, despite the many variables, should not be a problem for the 
road user. However, the intensity of the activities is often wrongly assessed. 

Destinations, and also origins, may be found along the full length of the 
road. Stopping and starting vehicles, entries to properties, etc. are a 
continuous source of possible irregularities in the traffic process. Low speeds 
over the full length are wanted. 

Finally, in urban areas, roads and streets tend to have a more or less 
dominant residential function in addition to a traffic function. On these roads 
and in these streets, activities take place which have nothing to do with the 
transport of people or goods, but are the result of the presence of houses in 
the immediate environment (shopping, walking the dog, washing the car, 
children playing, parked cars, etc.). 
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An important section of the public road, specifically the pavement (footpath), 
serves to harbour people. But, people can also be found on the carriageway, 
for example to reach the other side of the road or to alight from a parked 
vehicle. In traffic, it is mainly the pedestrians - who are seen on the 
pavement and on the carriageway - who, sometimes too late, make the 
residential function of a road recognizable. 

In practice, the traffic functions can be associated with driving traffic, and 
the residential function with the presence of pedestrians. Traffic function and 
residential function do not match very well. Only when the traffic function is 
of very low importance it can be combined with a residential function. This 
is the basic notion underlying the 'woonerf' concept and the pedestrian 
shopping zone,. In all other cases, it is common to offer both functions their 
own area, in principle: carriageways and cycle paths for the traffic function, 
and pavements (footways) for the residential function. 

Present situation with regard to road classification 

Since the road users must be seen as the main 'consumers' of a road 
classification, the classification system should be fully targeted on them. But, 
the clarity of road classes for this target group is seldom considered in 
existing road classification systems. The classification is mostly intended 
primarily to assist the road designer. 

Despite many discussions held amongst traffic experts, a universally accepted 
road classification has not yet been achieved. Each country has named and 
designed its roads according to individual insight. Road classification systems 
in European countries show also a mixture of objectives. Classification is 
often used by road administrators as an aid to distinguish between roads for 
totally other reasons than for improving road safety, e.g. for proper 
managmg. 

Roads are generally classified according to characteristics as the motor 
vehicle volume and/or the traffic speed. Often, this is not done 
systematically on the basis of a consistent network vision, but just by 
observing the present situation. 

Sometimes, p.e. in Ireland, only a formal classification is given, without 
much relation to the traffic characteristics. 
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Whether or not slow traffic is permitted on the main carriageway, especially 
cyclists and pedestrians, is an important classification criterium for some 
countries, but in other countries, slow traffic is regarded as 'marginal' or is 
entirely disregarded. 

A positive note is that, in all cases, a distinction is made between roads 
inside and outside built-u:p areas. 

Anyhow, road users are generally unaware of the classification principle in 
use. Some hold is only given to them by the actual design of the road, the 
road signs, the traffic volume and relevant road maps. Because the design of 
roads with the same function can differ markedly the road user cannot get a 
clear idea of the road's function by just looking through the windscreen. 
Therefore, he does not always know accurately how to behave on that road. 

It should be realized that, in road traffic, non-professional motorists operate, 
unequipped with automatic pilot, who are confronted by all types of 
surprising traffic situations. Not all human errors and mistakes can be 
eliminated through education, training, information, regulations, police 
enforcement and penalizing measures. There are untold traffic situations 
where, each time, traffic participants are misled by the road as presented to 
them; or by traffic situations where fellow road users come from unexpected 
directions. 

Many roads do also not comply with the requirements for the various road 
classes. Despite the current planning guidelines, there is no consistent 
approach in the design of roads and junctions, nor in the way parts of the 
road network are structured. Or, the guidelines are not compelling enough. 
For example, roads within the same class may be entirely or only partially 
closed to slow traffic; two-level junctions may be permitted but not always 
obliged in certain road classes. 

In fact, the differences in layout between roads with the same function 
combination are much greater than the guidelines suggest. Roads with the 
same functional description can be both single and dual carriageways. Roads 
for all types of vehicles - the large group of national roads - are very diverse 
in design. Edge lines may be present or not. Verges and obstacle-free zones 
are not uniform and are generally not continuous. The recognizability of the 
function combination of the road and the behaviour in traffic on the basis of 
the actual layout will therefore leave much to be desired, certainly with 
roads classified lower in the hierarchical order. 
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This leads us to an important recommendation: Road classification can be 
valuable for safety provided that the classification system is targeted on the 
safety of the road users only, and is consistently implemented. For a 
classification to be effective, the road and traffic characteristics associated 
with the road classes should represent the correct image to the road users 
with respect to the driving behaviour anticipated from them. 

There is a last, but fundamental shortcoming of existing classification sys­
terns. Many times, more than one aspect of the traffic function is supposed 
to occur on the same road: the roads are multi functional. The same road may 
have a through function, a distributor function and an access function. As a 
result of this, the differences between subsequent classes tend to be gradual 
only, especially if the number of classes is relatively large. Expressing all 
these differences by introducing easily recognizable distinctions in the shape 
of the roads is then becoming difficult. Or, the classification is getting a 
somewhat artificial character which is no longer understood by the road 
users. In Germany, for instance, 15 classes are distinguished, each of them 
further subdivided according to a number of features. 

A better situation may be reached by adapting an approach that was recently 
developed: monofunctional road operation. 

Monofunctional road operation 

The road traffic system had traditionally the task of fulfilling the need for 
transport by road. This task or function was imposed where possible on the 
existing road network, even after the marked rise in the number of motorized 
vehicles. Roads specifically intended for rapid movement, we now call 
motorways, started to be built in Europe not that long ago. 

In the 1970s, when the number of traffic fatalities in many countries reached 
a record high, road safety measures became a topic. The residential areas 
were the first to be considered. The safe design of the 'woonerf was a 
prominent initiative. This favourable development continued with the 30 
km/h zones which are now being introduced in Europe on a broad scale. 

On the motorways and in the residential precincts, good results are still 
gained in reducing the risk to road users. However, there are clearly many 
roads remaining for which the risks are far more difficult to combat. These 
roads showing a high accident risk for all modes of transport can broadly be 
characterized as: 
- non-motorway roads outside built-up areas, and 
- non -residential streets inside built-up areas. 
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Current road hazard is predominantly caused by the fact that large parts of 
the road network are unsuitable for the combination of functions they are 
expected to fulfil. 

It seems quite feasible to adjust the design and regulations associated with a 
road through a strict allocation of only one of the aspects of the traffic 
function, i.e. either a through function, a distributor function or an access 
function. This concept comes down to the removal of all function combina­
tions by making all roads monofunctional. Research and practical experience 
over the years have led to the accumulation of sufficient knowledge to allow 
the practicability of such a classification. 

By using three road categories with largely differing characteristics and 
codes of behaviour, this principle can be met to a significant degree. Each of 
the categories should match with only one of the functions, resulting in pure 
through roads, pure distributor roads and pure access roads. In that case, 
there will no more be through traffic on distributor nor on access roads; no 
more access to properties on through roads nor on distributor roads, etc. 

These three functional road categories are not hierarchical and do not differ 
in importance. Therefore, instead of classification, the term categorization is 
better now. 

Depending on the required capacity and on the immediate environment (rural 
or urban, inside or outside a built-up area) subcategories may prudently be 
distinguished within each of the three road categories, to be denoted as road 
types. The point is to keep the function of the road clear to road users, 
despite minor differences in design. 

The design standards for the individual road types should, in any case, be 
based on the three safety principles: 
- preventing unintended use of a road, 
- preventing large differences in vehicle speed, mass and direction, and 
- preventing uncertainty. 

The requirements for such a road network can be characterized as strict, p.e. 
lane separation on all distributor roads. There is a possibility that these 
requirements lead to designs which cannot be considered realistic. Designs 
which have no hope of succeeding are better not promoted. It may therefore 
be necessary at a certain stage of the process to relax certain requirements. 
But the sound principle of monofunctionality should be kept upright as long 
as possible. 
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Thus, a second recommendation on road classification is: Consider seriously 
the possibility of monofunctional road operation and try to approach this 
ideal as closely as possible. 
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METHODS FOR INVESTIGATING mE RELATIONSHIP BETWEEN 
ACCIDENTS AND ROAD DESIGN STANDARDS 

ABSTRACT 

This paper summarises the alternative methods available for quantifying the relationship 
between road design standards and accidents. Two methods are described - the before and 
after method and the cross-sectional approach. 

The before and after method relies on identifying trial sites at which design changes are 
proposed, and obtaining accident data before and after the changes are made. In principle, 
the effect of the change on accidents is then simply the ratio of the accident frequency 
(accidents per year) after the change to that before the change. However. in statistical terms 
a number of complicating factors have to be taken into account. These are: (i) random 
fluctuations in the basic accident data. (ii) the need to control for systematic changes in 
accident rates over time, and (iii) bias by selection. 

The cross sectional approach relies on obtaining extensive accident, flow and geometric data 
from a wide range of sites of a particular type and analysing this data to obtain estimates of 
the relations between accidents and the geometric design variables of interest. This method 
is a statistical modelling approach. The paper includes a discussion of the data requirements 
for the cross sectional approach. and describes the form of the model normally fitted. 

1. Introduction. 

This paper reviews the techniques available for measuring the relationship between accidents 
and elements of the geometric design of roads and junctions. The safety effects of design 
standards can only be measured by observing the change in accident numbers which result 
from differences (or changes) in design. Such differences may be due to changes in design 
over time, or they may arise from differences in design from place to place. Changes over 
time may be introduced for a variety of reasons - for example, economics may dictate that 
a cheaper solution to a particular problem be used in some circumstances, or political 
pressure may require alternative standards to be adopted - whatever the reason, changes 
which are made from time to time provide an opportunity to assess the impact that such 
changes have on accidents. Even If changes are not made, there are often differences in 
approach to design standards from place to place even within one country and certainly 
between countries. These dl·fferences can also provide an opportunity to study the accident 
benefits or disbenefits of the alternative design standards being used. 

The above paragraph implies that in practice, there are two fundamentally different ways to 
approach the measurement of the road safety benefits of road design standards - the 
before/after approach and the cross-sectional approach . These techniques will be considered 
in the two sections which follow. 
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2. The before/after approach to safety assessment. 

2.1 The basic methodology. 

Consider a major road improvement scheme in which higher standards of horizontal 
curvature are being implemented; some of the sharp bends are being re-aligned so as to have 
higher radii of curvature and better sight lines. In practice it is quite likely that other aspects 
of the road design standards are being upgraded at the same time - for simplicity however, 
we will consider the situation in which only one element in the design is being changed. 
How shall we assess the road safety benefits of this change in curvature standards? The 
simple solution would be to compare the number of accidents on the section of road being 
treated in a period before the changes are made, with the corresponding number of accidents 
in a period after the changes have been made. So for example, we might record (or extract 
from the national accident data bank) the number of accidents that have occurred during a 
period of say 3 or 5 years before the changes were made, then after the changes have been 
made and a suitable transitional period (say 6 months) has elapsed, we record the number of 
accidents occurring on the scheme during an 'after' period of similar length to the 'before' 
period. If the number of accidents in the before period is b, and the number in the after 
period is a, and the periods are of equal duration, the improvement could be characterised 
by the ratio a/b; a ratio of 1 would mean no change in accidents had occurred; a change of 
less than 1 would mean that accidents had fallen and a safety benefit had been achieved. 

Unfortunately, there are several technical reasons why such a simple approach is likely to 
be inadequate. Three will be considered: they are (i) the basic randomness of the accident 
data (section 2.2 below), (ii) the need to correct for systematic changes over time (section 
2.3), and (iii) bias by selection (section 2.4). 

2.2 Random fluctuations. 

We have already seen that the effectiveness of a road safety improvement can be 
characterised by the ratio of the number of accidents occurring after the improvement to the 
number occurring before accidents - a/b - assuming the period over which the accident 
occurred is the same in each case; we will denote the effectiveness of the scheme by ex. We 
can generalise to different before and after periods simply by writing: 

where Ta is the duration of the after pen"od and Tb is the duration of the betore period. 

The problem is that both b and a are unreliable measures of the true long-term accident rate 
before and after the improvement. The number of accidents occurring in a 3 or 5 year period 
is a shon-term sample of the true underlying mean accident frequency at the site, and as 
such, is subject to considerable variation. If we could record the number of accidents 
occum'ng at the scheme for 1,000 years (or better still 1,000.000 years) wht"lst everything 
else remained constant, then we would have an accurate measure of the true accident 
frequency (accidents per year) at the site. Obviously we cannot do this, so we have to base 
our estimate of ex on the unreliable short -term accident counts we have. Having calculated 
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an unreliable estimate of ex in this way, we then have to judge either whether its value is 
really different from 1 (the no-change value) or whether the value we have obtained would 
have occurred purely by chance. Put another way, we have to estimate the confidence limits 
we may place upon the value of ex we have calculated. In order to assess whether the value 
of ex is significantly different from 1, it is usual to calculate a statistic denoted by x2 (chi­
squared). This statistic is: 

If the value of x2 exceeds 3.84 then ex is said to be significantly different from 1 at the 5% 
level - that is to say there is only a 5 % (1 in 20) chance that the change in the accident 
frequency which was observed to occur would have occurred anyway without any real change 
due to the improvement in design. Significance testing of this kind can be useful if 
interpreted properly, but it can also mislead by reason of what Hauer calls its 'pernicious 
nature' (Hauer, 1991a). The fact that a safety improvement has not been shown to be 
'statistically significant' does not mean that the effect does not exist - simply that the data 
has been insufficient to quantify the effect with sufficient precision. 

Because of this it is often better to calculate (and quote) the confidence interval of the 
estimate of ex - that is the range of values within which if it were possible to independently 
repeat the before and after measurements 20 times, one could be sure that 19 out of 20 
resulting values of ex would lie. This interval is: 

Supposing then that there were 100 accidents in the 5 year period before the road was 
improved, and 83 during a similar period after, the value of ex would be 0.83, and we would 
need to test whether this was really different from 1. x2 would be 1.57 which being less than 
3.84 indicates that the reduction which occurred was not statistically significant at the 5 % 
level (Note: this is not the same as saying that no significant (real) difference has occurred). 
Confusion over the concept of a 'significant differences' can be avoided if the result is 
expressed in terms of confidence limits as follows: the data shows that the ratio of the 
number of accidents generated after the improvement has taken place to that before is 0.83 
(a 17% reduction) with a 95% confidence range from 0.62 (a 38% reduction) to 1.11 (an 
11 % increase). Such a statement makes it clear that although the 'best' estimate is that a 17% 
reduction in accidents has been achieved, the 95 % confidence interval includes 1 - so the 
17% reduction could be a 'chance' result. 

The greater the number of accidents in the before period and the bigger the difference 
between the accident rates in the before and after periods. the easier it is to demonstrate that 
the change is statistically significant. However, from the above example it will be appreciated 
that to demonstrate a real effect convincingly, quite large numbers of accidents are required 
- and if the anticipated effect is only a few per cent, very large trials must be conducted if 
reliable estimates of effects are to be achieved . In practice it is usually necessary to use not 
just one site but many sites in such an expen"ment. Statistical tests analogous to the ones 
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illustrated above can be used when many sites are included in the study, though there is an 
added source of variation in that the sites themselves will vary from one to another and the 
effectiveness of the applied re-design, may not give the same value of a at each site. In this 
situation, it is probably simplest to use the GLM modelling approach described briefly later 
in the paper. 

To complicate matters still further, it is often the case, that the engineering modifications 
made to the sites affects not just one design parameter but several - not just, for example, 
changes in horizontal curvature as suggested earlier, but changes also in the vertical 
alignment or the visibility distances at some of the key junctions on the route. Whereas the 
simple statistical approach outlined above (extended to the multi-site situation) can provide 
an assessment of the accident benefits of a whole package of measures implemented in this 
way, they cannot estimate the individual contribution to enhanced safety of the various 
components of the package. To attempt to do this a more sophisticated statistical modelling 
approach is needed of the kind to be outlined below. 

2.3 Correcting for systematic changes over time. 

The basic disadvantage of the before/after approach to the assessment of accident changes 
is that the before and after periods are separated in time. This would not of course matter 
if other factors remained constant from the before to the after period. Unfortunately, in most 
situations this will not be the case; there will be a whole range of factors which are likely 
to change with time. Thus for example, traffic flows will be changing with time - nationally 
and locally, road user behaviour may change over time, other road safety measures may be 
implemented during the period of the study, the economic climate may be different, even 
changes in environmental factors such as the weather may need to be considered. So, some 
method has to be used to allow for such trends between the before and the after periods. 

One possible way of allowing for such trends is to include them directly in the analysis of 
the data. Thus for example, if the accident data were to be plotted year by year over time, 
it might be possible to observe the trend over the years and simply detect the step change in 
the accidents which occurred at the point in time when the new scheme was installed. It may 
also be possible to allow directly for some of the changes between the before and the after 
period by constructing a statistical model of the kind to be outlined below which includes 
explicitly the Influence of other co-variables on the before and after accidents. 

The method most commonly advocated however - and one which has considerably face ­
validity - is the use of 'control' sites · The principle is that for every • tn'al' site where the 
improvement is being made, one or more control sites are selected which are not being 
improved, Any changes over time of the kind mentioned above which may affect the before 
and after accident numbers IS assumed to affect the control sl'tes to the same extent as the 
Improved sites · The changes at the control sites can then be used to 'correct' the apparent 
effect of the improvement at the trial site (or sItes) so as to am've at an accurare indication 
of the true effect of the design improvement . Because changes in time are usually the source 
of concern. accident data on the control sites is obtained for exactly the same perIod of time 
as for the trial site - though the before and after periods may not be the same · In this 
situation the corrected value of a is given by', 
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where b and a are the numbers of accidents occurring at the trial sites in the before and after 
period - as previously - and B and A are the numbers of accidents at the control sites before 
and after the improvement. The x2 value now becomes: 

2_ (a+b+A+B)(bA-aB)2 
X - (a + b) (A + B) (A + a) (B + b) 

and the 95 % confidence limits for the estimate of ex become: 

a exp[+L96 n+!+!+~ I. a exp[-1.96 {1+!+!+~ 1 
Consider now the effect of the use of controls on the assessing the statistical significance of 
an improvement. If we assume that the effect of the improvement on the trial site is just the 
same as before - ie 100 accidents before and 83 accident after, but now we have a control 
site (or sites) which generate 200 accidents in the before period and 200 in the after period 
- clearly the effectiveness of the improvement remains exactly the same at a = 0.83. The 
accidents at the control sites indicate that in this rather unusual case, no correction is needed 
to the estimate of ex. However the value of x2 is now only 1.08 - considerably less than 
before, making the apparent change in accident rate less significant as judged by this statistic. 
The confidence limits on et have increased, ranging now from 0.58 to 1.18 - considerably 
wider than before. 

The poorer statistical performance of the analysis which includes the control sites arises from 
the fact that two more variables have been introduced into the calculations - the numbers of 
before and after accidents at the control sites. These numbers are subject to error just as the 
numbers of accidents at the trial site are, and the effect of including them is to increase the 
variability in the calculation of the effectiveness of the treatment. In passing, it is clear from 
the equations given above that if A and B become very large compared with a and b the 
value of x2 and the estimates of the confidence limits reduce to those given earlier for the 
case in which no controls are being used. 

It is clear from the above analysis, that for control sites to be useful, they must contribute 
more to the evaluation of the measure being studied than they detract from it due to the 
added uncertainty they introduce. There are therefore two aspects to the value of the use of 
controls in before/after studies . The first is the purely statistical: for controls not to 
introduce excessive van'ability into the estimates of effectiveness, they must contain large 
enough numbers of accidents. In many cases this will preclude the use of the same number 
of sites for trial and controls. The control sites will need to form a considerably larger 
group. Hauer (l991a) suggest as a rule of thumb, that if the size of the effect expected to 
arise from the treatment is 100&% (ie . a 10% effect would have & = 0.1 etc.), then the 
number of accidents in the control period (both before and after) for a perfectly matched 
control should be between 6/&1. and 8/02 - ie between 600 and 800 accidents. Such controls 
would often be hard to find . 
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However the need to include large numbers of sites in a control group highlights the issue 
of how to choose appropriate controls. The purpose of the control sites is to provide an 
estimate of what the accident rate at the trial site would have been if it had not been 
improved. To do this effectively, the control site must behave just as the trial site would 
have done had it not been treated. That means that control sites have to match the trial site 
as closely as possible. It is often quite difficult to decide what would make the best control 
site or sites - and it is equally difficult to devise objective ways of choosing the best. Hauer 
and his colleagues (Hauer, 1991, and Hauer, Ng and Papaioannou, 1991) have explored the 
problems associated with the use of controls in the context of accident data from the 
Canadian states. They illustrate the difficulties of the intuitive selection of the 'best' control 
for a particular study and Hauer concludes (Hauer 1991a) that 'the use of a comparison 
group (a control) is a mixed blessing'. He goes on to say: 'comparison groups should not 
be used merely to satisfy a superficial research etiquette. To account for the effects of 
weather, driver demography, and norms of behaviour, it is sound practice to use a 
comparison group if it is sufficiently large. If in a practical circumstance a sufficiently large 
comparison group is not available, it is better not to use one at all than to use one that is too 
small. However, in this case the effect of the treatment and that of the unaccounted factors 
cannot be separated, and this should be explicitly stated in the conclusions. ' 

2.4 The GLM method. 

If before and after studies - with or without controls - involve more than single sites or single 
periods of time, then the generalised linear modelling methodology provides a convenient 
way of analysing the data. Such methods are available in computer programmes such as 
GUM (Numerical Algorithms Group, 1986, Aitkin et al, 1992) and GENSTAT (Alvey et 
aI, 1977). GLMs can be used to estimate the value of 0: - the effectiveness of the scheme 
- suitably corrected for the control site or sites, together with the appropriate statistics for 
significance testing or for estimating confidence intervals. 

In order to use GLMs in this way, the accident data needs to be coded such that the before 
data is distinguished from the after data using a two level factor, say BA (1 for after and 2 
for before) and the trial and control data is similarly distinguished by another factor say, 
CON (1 for trial data and 2 for control). A GLM 'model' is then set up taking accidents as 
the Y -variable, with Poisson errors and a Log link (a natural logarithm transform of the 
accident data), and declaring BA and CON as 2-level factors. Both CON, BA and the 
interaction CON.BA are fitted to the data as part of the GLM model. In such a model, the 
coefficient of the interaction term CON.BA is the natural logarithm of the required value if 
0:, corrected for any changes in the control data. Standard errors and values of x2 are 
calculated by GUM and GENSTAT. 

The potential advantage of using GLMs in this way is that not only does the software 
calculate the statistical information automatically, but the calculation of the effectiveness 0: 

in the context of a statistical model. allows other co-variables to be included in the modelling 
process should this be required. Thus for example, if it is suspected that a time trend occurs 
in the data. and individual years accident information are available, then a time trend term 
can be added to the model to calculate the effectiveness of the scheme taking the trend over 
time into account: other co -van"ables can in pn"nciple be incorporated into the model as well 
(see for example, Haynes, et al (1993) . 
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2.5 Bias by selection. 

It is often the case - particularly when selecting individual accident sites for remedial 
treatment - that some form of selection criterion is used to choose which sites to treat. So 
for example, having assembled the accident data from all the sites of a particular kind in a 
local region, the road safety engineer may decide to select for treatment 'those with more 
than x accidents in the previous 3 years'. Alternatively, if funds for remedial treatments are 
limited, the section criterion might be 'select the n sites which have the highest accident 
frequencies'. Now although the numbers of accidents occurring at a particular site may have 
a long-term stable average value, the number which occur in a particular period - in the last 
year say, or the last three years - will be potentially very variable; in some years the number 
will be high and others it will be low. If, in this situation, the safety engineer chooses some 
of the high accident sites for treatment, then it is easy to see that purely by chance the year 
or so following treatment the accidents will have fallen even if the treatment has had no 
effect whatsoever. This phenomenon is known either as 'selection bias' or 'regression to the 
mean'. 

In this situation, the selection rules determine the size of the regression to the mean effect; 
whether or not controls are used is also a factor. If the sites were chosen totally at random, 
then there would be no regression to the mean - the effect only arises because some form of 
non-random selection process has been used to decide which sites to treat. Even if selection 
had taken place, provided control sites were chosen using exactly the same rules as those 
applying to the treated sites, then the correction supplied by the use of the control sites would 
also correct for regression to the mean. It is easy to see why in practice, neither of these 
things is done. The safety engineer naturally wants to treat the worst sites first; moreover, 
he wants to treat all of them and not leave some untreated (as controls) just for the benefit 
of the accident researcher. 

So how could the regression to the mean problem by tackled? Hauer has again done a great 
deal of pioneering work in this area. In some simple situations, where the selection rules are 
well defined (and they often are not), Hauer has proposed ways of dealing with this effect 
(Hauer, 1980, 1986). He has also proposed a more general approach which goes under the 
name of the 'empirical Bayes method' (Hauer 1983 and 1992). All methods use information 
from a population of sites corresponding to the ones being treated to calculate a correction 
to the observed accident rates in the before period - using various smoothing techniques. 

The empirical Bayes method derives an unbiased estimate of the before accident rate by 
combining the observed rate in the before period (b/Tb using the previous notation) with a 
predicted rate derived from an accident predictive model of the kind described in section 3 
below. The accident model is in effect de-biasing the estimate of the observed 'before' 
accident rate on the basis of information about the population of sites - and in particular their 
vanablHty. Although it is not appropriate here to consider this approach in detail, its effect 
can be appreciated from the following expression for the 'corrected' estimate of the before 
accident rate: 
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X corrected = 
XII(l + C2b) 

1 + XIIC
2 Tb 

where rm is the accident rate predicted by the model, C is the coefficient of variation of the 
model predictions (the Standard Error of the model prediction divided by the value of the 
prediction itself) and b and Tb are as before. It will be seen from the above equation, that 
when the precision of the predictive model is poor, ie. C is large, the corrected rate 
approximates to the observed rate b/Tb; when however the accuracy of the model is good, 
ie. C is small, the corrected rate approximates to the value predicted by the model. The 
best estimate of ex using this method is then simply: 

a = ~~....;a~ __ 
TaX corrected 

Estimates of the confidence intervals for this corrected estimate which correspond to those 
given above in the simple case are available. 

It has been shown that this approach does indeed remove the bias in the observed accident 
data and provides a sound basis - in principle at any rate - for calculating an unbiased 
estimate of the effectiveness of a design improvement or other accident remedial treatment. 
In fact, if the studies required for the investigation of changes in design standards involve 
lengths of road rather than the treatment of individual sites, the problem of regression to the 
mean becomes less serious since the length of road will include a range of features (including 
junctions) and the scope for bias by selection is thereby considerably lessened. Under these 
circumstances the effect may be of the order of 1 % to 5 %. However, regression to the mean 
is a feature of accident studies which always needs to be considered carefully in the design 
of the study and its analysis, if the results are not to be open to criticism of bias. 

3. The cross-sectional approach to safety assessment. 

3.1 Introduction 

In section 4.1 above it was suggested that measures of the safety effectiveness of design 
standards could be obtained from cross-sectional studies. In such studies the relationship 
between design and safety is deduced from an analysis of the variations in accident 
frequencies which occur as a result of site to site variations in design . In the UK this 
technique has been used largely for examining the safety effect of the design of J"unctions of 
various types: traffic signal controlled junctions, major/minor pn"ority junctions, and 
roundabouts. Once relationships between design parameters and accidents have been 
established, they can be used to predict the contribution of indi\ idual design features to 
satety, or to predict the consequences of changes in design on the expected numbers of 
accidents. 

Cross-sectional studies will normally tocus on a clearly and closely detined component of the 
road network - for example. urban 4-arm traffic signal controlled junctions on two -way single 
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carriageway roads, or roundabouts on dual carriageway roads in rural areas. The approach 
then adopted is to identify a suitable sample of the junction type of interest on public roads 
for which accident data is available; the traffic flows and the key geometric variables at these 
sites are then surveyed, and the resulting data is analysed to obtain accident/flow/geometry 
relations. The variables which need to be measured are those which will potentially have an 
effect on accident frequencies. They will include traffic and pedestrian flows, the physical 
dimensions of the layout, the signal control arrangements (at signalised junctions), and a 
number of other relevant variables. The numbers of accidents which have occurred at each 
junction over a reasonable period of time - usually several years - should be available. 

The analysis seeks to determine which variables have an effect on the frequency of accidents 
(the number of accidents per year) and to quantify the magnitude of the effect. From the 
design standards point of view, such an analysis will indicate those standards for critical 
design parameters, which would provide an acceptable minimum level of safety. For 
predictive purposes, the accident/geometry relations. will predict how many more (or fewer) 
accidents a year would be likely to occur if a particular geometric parameter was changed. 

It will be seen from the foregoing description, that the essence of the cross-sectional study 
is to infer the accident effect of specific geometrical features, from sites in which the 
geometrical feature of interest has a range of values. A single period of time is involved, 
so that the problems discussed above associated with the time difference between before and 
after observations of accident data are avoided. Both types of study (before and after and 
cross-sectional) can evaluate the effect of design variables on accidents, and both have 
advantages and disadvantages. The cross-sectional approach is more suited to the 
determination of the effect of many variables acting together; it avoids the need to physically 
alter the layouts of trial junctions in order to determine the effect of each variable. 

3.2 Recent examples of the application of the methodology 

A number of cross-sectional studies aimed at identifying the effects of design variables on 
accidents have been conducted in various parts of the world. Recent work by Zeeger et al 
(1988) on the effect of road cross-section design for two-lane roads in the US, and by 
Leutzbach and Zoellmer (1988) on the relationship between road safety and highway design 
elements in Germany provide examples of what has been achieved. 

In the UK accidentlflow/geometry relations have been determined for a wide range of 
junction types and road links. using the cross-sectional method. Examples are: 4-arm 
roundabouts (Maycock and Hall, 1984) . rural 3-arm ma.Jor/minor junctions (Pickering, Hall 
and Grimmer, 1986) and urban 4-arm single carriageway traffic signals (Hall, 1986). 

The results of these studies are progress-ively being incorporated into UK Standards and 
Advice for road and junction design. The relationsh'lps are also being made available in a 
series of computer programs which are available for use by design engineers. In addition to 
the accident predictions, the software also includes relationships between the design variables 
and junction capacity and delay that were developed in the 1970·s. These accident 
relationships are also being used to estimate the expected number of accidents on urban 
networks so that the effects of changes in the design of urban areas on capacity. delay and 
accidents can be evaluated. 
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3.3 The data requirements 

3.3.1 Site selection. 

In order to determine the effect of particular design parameters on accidents reliably, it is 
essential to have the full range of values of the important variables represented within as 
large a sample of sites as possible. If either the range of the variables is limited, or the 
sample size is too small, then the safety effect of the variables deduced from the analysis may 
be highly uncertain. This means that large 'stratified' samples are desirable. 'Stratification' 
means that the sample of sites is selected so that high, medium, and low values of the more 
important flow and geometric variables are equally represented. The variables most often 
selected for 'stratification' are the vehicle and pedestrian flows - but the more important 
geometric variables may also need to be considered . If other features - such as signs or 
lighting are also of interest, then moderately large subsamples of sites with and without these 
key features will be needed. 

It is good practice in planning a study of this kind to undertake a preliminary survey of about 
two to three times the number of sites that will be required for the tinal sample. In this 
preliminary survey limited data is collected, which includes information on the main features 
of the sites together with short (I5-minute) counts of the vehicle and pedestrian flows . The 
'stratified' sample is then selected from these sites. 

Sites should also be selected to give a broad geographical spread . Care should be taken to 
select only those sites that have not been modified recently or subject to unusual changes in 
flow during the period over which the accident data is to be collected. The sample sizes in 
the UK studies have typically included 200 to 400 junctions at which between 1000 and 3000 
injury accidents have occurred. The maximum sample size has generally been limited by 
considerations of cost rather than the availability of sites. 

3.3.2 Traffic flows. 

Traffic flow data should be collected on a weekday, avoiding public and school holidays. 
Turning flows by class of vehicle should be obtained for a period of at least 12 hours (0700 -
1900). The counts must then be factored to provide an estimate of the flows relevant to the 

accident period for each type of vehicle and manoeuvre. Pedestrian t10ws crossing each arm 
of the junctions should be counted over the same periods of time as the vehicle flows . 

3.3.3 Accident data. 

The statistical reliability of the accident models is improved if large numbers of accidents are 
available for analysis. One way of achieving this is to include many years of accident data. 
It must be recognised, however, that accident rates are likely to change over time. and that 
time trends may need to be tal\en into account if an accident period of more than about 6 
years is used. A more serious difficulty is that the longer the period studied, the more lil\ely 
it is that there will have been changes to the layout of the site or to the vehicle and pedestrian 
nows. For these reasons. it is suggested that the accident period should not be longer than 
6 years. 
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It will be clear from 2.5 above, that no attempt should be made to select sites on the basis 
of their accident record, since this would lead to 'bias by selection' in the accident models. 
Moreover, the models should be based on accidents systematically recorded in a national 
database. In the UK for example, the national system does not record accidents which 
involve only damage to property, so that the UK models have been based on the injury 
accidents recorded in the national system. 

There is also a need to define the boundary between the components of the road network , 
and in particular between road links and junctions. In the UK national accident reporting 
system, junction accidents are those occurring within the junction area itself or within 20 
metres along each of the approach roads. 

3.3.4 Geometric variables. 

After the sample of sites for the study has been selected, the geometric variables that it is 
intended to examine in the analysis must be selected and defined. Category variables can be 
used. If, in the simplest case, a group of junctions are designed such that they conform to 
a small number of layout categories in which all members of each category are geometrically 
similar, then it may be sensible to treat each layout as a simple category in the analysis. 

However, in general, the geometric features of the junctions under study will be far more 
complex than this - lane widths, path radii, visibility distances, splitter island dimensions and 
many other geometric properties, will vary considerably from site to site and even from entry 
to entry. As a result, the geometric properties to be used in the analysis will have to be 
selected and specified with care. It is certainly essential to include in the analysis all the 
variables which have been used as part of the criteria for selecting the sample. But it is also 
important that any inter-correlations between the geometric variables are carefully noted and 
taken into account in the data analysis and the interpretation of the results. In practice, it is 
difficult to be confident that a model will ret1ect the accident/geometry relations satisfactorily 
unless a wide range of variables - including all the variables that seem likely to affect 
accidents - have been examined for inclusion in the model. In the UK studies, the numbers 
of variables w.ere typically of the order of about 100. 

Once the relevant geometric variables have been identified and detined, they have to be 
measured for each J'unction; it is often possible to do this conveniently from large scale plans 
- though plans are not always accurate or up-to-date. For each approach arm of the junction , 
measurements will be needed of road and lane widths, gradients and curvature, the position 
of road markings. and the nature and position of signs and islands . At roundabouts, the size 
of the central island and the curvature of vehicle paths as well as sight distances will be 
needed. Speed limits should be noted. For the traffic signal junctions. measures of the signal 
control variables need to be obtained: these should include the stage sequences, signal 
timings. plan schedules for UTC junctions and the presence (or absence) of speed 
discrimination equipment. 

3.4 The modelling process . 

Once the data has been collected and veritied. the analysis can begin. It is usual to conduct 
the analysis of the data in stages. First. the characteristics of the accidents are examined by 
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simple cross-tabulation. This provides in sights into accident patterns and provides results that 
are complementary to the main analysis. Subsequently, accident/flow/geometry relations are 
developed using statistical modelling techniques. In the UK, the generalised linear modelling 
methodology (McCullagh and Nelder, 1985, Aitkin et al, 1992) which are available using the 
computer programs GLIM (Numerical Algorithms Group, 1986) and GENSTAT (Alvev et 
al, 1977) has generally been used. The application of these techniques to junction accident 
studies is usefully summarised by Kimber and Kennedy (1988). 

However, there are alternatives. Techniques equivalent to Principle Components Analysis and 
Canonical Correlation Analysis for the exploration of complex data sets involving both 
continuous and category variables have been developed by the State University in Leiden (the 
techniques are collectively called Qualitative Data Analysis). These techniques can provide 
valuable in sights into the overall structure of the data, and allow optimal transformations of 
the variables to be explored. The details of these methods are beyond the scope of this 
paper, and for more details, the reader is referred to Oppe, 1992, where the various methods 
are compared. For present purposes, the Generalised Linear Modelling method will be 
illustrated. 

3.4.1 Forms of the model. 

The general form of the relation is given by: 

A = k Q: Ql exp [tbiGi + tdjDjl 

where A is the number of accidents per year; Q. and Qb are flows, G; are continuous 
variables representing the geometric and control characteristics, DJ' are dummy variables 
(taking the values 0 or 1) representing specitic design features - for example, the presence 
or absence of a junction traffic island might have D = I WiTh the island and D = 0 WiThoUT 
it; k, ex, {3, the bl ', and the dj are parameters to be estimated by the analysis. 

Most studies have employed relationships of this general form, although sometimes vehicle 
and pedestrian flows have been incorporated into the exponential part of the expression, and 
occasionally, geometric variables have been incorporated as power terms. In the GL11 
modelling process, the above model is titted in a logged form. That is to say, the dependent 
variable A is subjected to a natural log transformation - l't becomes In A. and the n'ght hand 
side of the equation becomes additive on a log scale. Moreover. the GLM fitting algorithm 
requires the analyst to specity the error distribution from whl'ch the dependent variable is 
assumed to come; for simple analyses. it is usual to specify a Poisson error structure for 
accidents. 

It is common practice to derive separate ac Q'dent Ielationships tor different acddent types . 
In a model for single vehicle accidents only fOr example, Q. would represent the flow of 
\ ehicles and Qb would not be needed. For accidents involving vehicles from two different 
traftic streams, QJ would represent one of the streams and Qb the other . Similarly, for 
pedestrian accidents. Q. ml'ght represent the relevant \ ehicle flow and Qb the pedestrian 
tlow. 

The aim of the modelling is to obtal'n the best trade 'Otf between the number of van'ables 
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included in the model and the ability of the model to properly represent the information in 
the data. The statistical procedures involved in fitting the models are given in detail in a 
number of the reports listed in the bibliography. 

3.5 Illustration of application to design. 

In the previous section, the general form of accident Iflowlgeometry relationships has been 
considered. It may be useful to present a specific example and to illustrate it's application 
in design. The example chosen refers to entering-circulating accidents on one arm of a 4-arm 
roundabout. The relationship is: 

Aea = 0.046 QeO. 7 Qco •• kl k2 

where Aec is the accident frequency associated with the entry arm (number of injury accidents 
per year), Qc is the en tering vehicle flow and Qc is the circulating vehicle flow. All flows are 
annual average daily totals in units of one thousand. k\ and k2 are multipliers. Figure 1 
illustrates the relevant variables. 

kl = exp(-O.OlO+O.2P nJ in which 0 is the angle between the arm and the next clockwise arm 
(degrees) and Pm is the percentage of motorcycles in the traffic. 

k2 = exp(-40Cc+O.14e-O.007ev-RF) where Cc is the entry path curvature (m-I), e is the entry 
width (m), v is the approach width (m) and RF is the ratio factor. RF = 11(1 +exp(4R-7) 
where R = DIe. D is the diameter (m) of the largest circle that can be constructed within 
the confines of the roundabout and C is the central island diameter (m). 

From the designer's point of view, it is important to note that Aec is reduced by increasing 
Ce, ev and RF, and by decreasing e. Some variables have an effect on more than one group 
of accidents. It is therefore important that the designer take account of the effect of the 
design variables summed over all accident groups. Figure 2 taken from Maycock and Hall 
(1984) shows the effect of entry width on all accident groups and on total injury accidents 
at .+-arm roundabouts. It shows that entry width has a strong effect on accidents when the 
entry is undeflected. As entry width is increased from 5 to 20m, total accident frequency 
doubles. Design standards for roundabouts now specify minimum values of entry curvature 
Ce and maximum values of entry width e for use in des1gn. This illustrates the importance 
of the effect of the design variables and the role of accident relationships in the setting of 
design standards. 
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THE RELATIONSHIP BETWEEN SPEED AND ACCIDENTS 

ABSTRACT 

The relationship between the traffic speeds on a road and accident rates depends on many 
interacting factors. Empirical studies aimed at quantifying this relationship are very varied 
in the type and quality of data collected. However, the evidence avaIlable from mtematlonal 
studies suggests that for every Imph change in the mean traffic speed, accidents change in the 
same direction by about 5 %. This paper goes on to demonstrate the effect from two studies 
recently completed in the UK. The effect of introdUCIng speed enforcement cameras on roads 
in West London have reduced speeds by 3-6 miles per hour; all accidents have been reduced 
by 14 per cent and fatal and serious accidents by 36 per cent. In traffic calming schemes 
introduced into residential areas, speed have fallen by an average of 11 per cent and accidents 
have been reduced by 65 per cent on average. The paper shows that this latter effect is 
equivalent to a reduction of between 6 and 7 per cent in accidents for every 1 mile per hour 
reduction in vehicle speeds. 

1. Introduction 

The relationship between the distribution of traffic speeds and accident rates on a given road 
is, as yet, poorly understood. This is not surprising for the relationship depends on many 
interacting factors. A traffic stream consists of many drivers individually choosing the speed 
and headway at which they will drive in relation to other vehicles on the road. In their 
choice of speed an individual driver will be influenced by a large number of factors: the type 
of road involved, its geometric design, the traffic flow and other environmental conditions 
and the speeds of other drivers. Individual speed choice also depends on the personal 
characteristics of the driver - characteristics such as age and driving experience, attitudes to 
risk taking and to the observance of road traffic law. Speed limits can potentially modify 
these individuals' choice of speed but the degree to which this happens will be dependent on 
the perceived level of enforcement. 

In addition to variation in speed choice, different drivers will have different accident 
liabilities - which again will depend on personal characteristics as well as factors such as 
experience and ability. Furthermore, the geometric and traffic characteristics of roads will 
make some roads safer per mile than others. The role of speed in accidents both in the 
aggregate and in the case of individual drivers is therefore extremely complex. What seems 
intuitively obvious is that the higher the speed a driver drives on a given road the more likely 
an accident is to occur and the more severe the consequences are likely to be when it does 
occur . Over the years researchers have attempted to quantify this intuitive relationship. 

This paper presents a summary of an international review of the relationship between speed 
and accidents (section 2), an then goes on to present results from two recent UK studies -
the West London speed enforcement camera scheme (Section 3) and the effect on speed and 
accidents of traffic calming measures in residential areas (Section 4) . 
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2. Review of international research 

2.1 The research evidence 

The Transport Research Laboratory has recently reviewed the available research evidence for 
the effect of speed on road accidents. The aim was to gather together the evidence currently 
available on i) the effect of speed limits on mean traffic speeds and proportion of speeding 
drivers, ii) the effect of speed limits on accidents, and iii) the relationship between speed and 
accident risk. Many studies have been reported from a number of countries relating to the 
introduction of, or changes to, speed limits and the subsequent changes in the numbers of 
road accidents. These studies are very varied in the type and quality of data collected and in 
the extent to which they address the complexity of the issues involved. Despite this, current 
empirical evidence clearly demonstrates that the imposition, or the lowering of speed limits 
is generally associated with significant reductions in road accidents, and that there appears 
to be a strong relationship between mean traffic speed and accidents. 

In addition to the mean speed, the spread of speeds could be an important determinant of 
road safety. A few studies have examined the influence of differential speeds on accident 
involvement rates for individual drivers. There is evidence that the relationship is U-shaped 
- drivers driving much faster or much slower than the general traffic stream are more likely 
to be involved in accidents. It has been suggested that overtaking or being overtaken may be 
the underlying cause of this effect. It is also possible that the U-shaped relationship arises 
simply because of the different characteristics of drivers in the sub-groups of the driver 
population at the extremes of the speed distribution. 

2.2 Modelling the relationship 

Relevant data gathered from several of the better documented studies are shown in Figure I, 
which shows the percentage change in the total number of accidents plotted against the 
absolute change in the mean traffic speed (mph). 

As can be seen, much of the key data comes from Scandinavian countries where experimental 
trials of different speed limits have been closely monitored since the early 1960's . The data 
covers a range of road types and conditions, where speed limits will have been changed for 
different reasons, and will have been collected using different techniques, over a period 
spanning three decades. Despite these, and other limitations facing an international 
comparison of this kind, a strong positive relationship between mean traffic speed and 
accidents can clearly be discerned. For the purpose of analysing the data-set shown in 
Figure 1, the American, West German and Swedish points have been excluded since these 
results represented the change in fatalities or injury accidents and not the change in total 
vehicle accidents. The simplest relationship which was considered to tIt the underlying trend 
of Figure 1 was: 

dA=4.92dS 

where ~ represents the percentage change in the total number of accidents, and AS 
represents the change in the mean traffic speed (in mph). 

3 



This relationship is the solid line superimposed on the data in the figure. This relationship 
suggests that for every Imph rise in the mean traffic speed, the percentage change in 
accidents rises by about 5 % - alternatively, it predicts a 5 % drop in accidents per every mph 
drop in the mean traffic speed. The observed sensitivity of accident rates to changes in the 
mean traffic speed is remarkable, and the underlying mechanism for this is not yet 
understood. 

In line with the above findings, American evidence indicates that an increase of only 2 -
4 mph in the mean rural interstate traffic speed has resulted in an increase of between 19 

and 34 per cent in fatalities. This is a very large effect, suggesting that for every Imph 
change in the mean traffic speed there has been an associated change of 8 or 9 per cent in 
the number of interstate fatalities. Summing up evidence provided by the numerous studies 
following the raising of the speed limit on American interstate highways (from 55mph to 
65mph), Brian O'Neill, president of the Insurance Institute for highway Safety, USA, has 
remarked that "there is now overwhelming evidence of the negative effects of higher speed 
limits in the United States. Although average speeds have only increased slightly, the 
percentage of motorists travelling at high speeds has increased dramatically. " 

A similar result has been observed following speed limit changes on West German 
motorways, where a 9.7 per cent change in accidents resulted from a Imph change in mean 
speed. 

3. West London speed enforcement cameras 

3.1 The scheme 

The West London speed camera scheme was launched in October 1992, and is run by the 
Metropolitan police. It consists of speed enforcement cameras sited along the principal 
approach roads in the western sector of London. The criteria for site selection used in the 
west London speed camera project were: (i) high incidence of speed related accidents, high 
incidence of serious and fatal accidents, and high incidence of single vehicle accidents 
involving loss of control. 

3.2 Accident reductions from camera enforcement in west London 

The speed cameras became operational during the first half of October 1992 at a time when 
accidents were already declining. In this situation it is very important that the assessment 
of the accident changes due to the installation of the cameras takes account of these general 
downward trends. In the present paper, trends are allowed for using accidents in the London 
Metropolitan Police District (excluding those in the west London camera area) as a control. 

Table 1 shows the before and after accidents (fatal plus serious and slight) with the 
corresponding percentage reduction obtained on two categories of road in the west London 
area. The two categories of road are (i) the links on which the cameras were installed 
(termed 'link roads'), and (ii) all other roads. The before period was the 15 October 1991 
to 30 September 1992 and the after period 15 October 1992 to 30 September 1993. 
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TABLE 1 
Accidents in West London Speed Camera area plus the A40 

Road type Accident type Number of accidents Percentage change Statistical 
After/Before (in significance 

. 
Before After 

relation to control) (XI~) 

"Links" ie A4, Fatal and serious 134 77 -36% 9.79 
A30, A312, 

Slight 489 461 -8% A316 and A40 

Total 623 538 -14% 6.31 

All other roads Fatal and serious 679 652 +7% -
Slight 3286 3369 +0% -
Total 3865 4121 +6% -

All roads Fatal and serious 813 729 0% -
Slight 3775 3830 -1 % -
Total 4588 4559 -1 % -

All roads in the Fatal and serious 6101 5485 -10.1 
Metropolitan 

Slight 28645 29339 +2.4 Police District 

Total 34746 34824 +0.2 

* - The significance levels for ;~} are 10% - 2.7,5% - 3.84, 1 % - 6. 64·. only those reaching significance at the 
10% level or better are given in the table. 

The 36 per cent decrease in fatal and serious accidents on the link roads is highly significant. 
This decrease together with a non-significant 8 per cent decrease of slight accidents, produces 
an overall decease in accidents on the links equipped with speed cameras of 14 per cent -
significant at about the 1 per cent level - that is to say that the probability of this decrease 
having occurred by chance is about 1 in a 100. Provisional information on traffic speed in 
West London is currently only available for a few sites, but this indicates that mean speeds 
have reduced by between 3.4 mph and 6.4 mph. Assuming an average reduction in speed 
of 5 mph, the above accident reductions correspond for all injury accidents to a reduction of 
3 per cent for each mile per hour fall in mean speed, and for fatal and serious accidents a 
reduction of 7 per cent for each mile per hour reduction in mean speed. 

The accident reductions illustrated in Table I suggest that enforcement cameras have a 
significant effect on the roads on which they are installed. However, they have little effect 
on other roads within the areas. It is clearly important therefore that the sites for the 
installation of speed cameras are carefully chosen. It would not be very effective for 
example, to site a camera on a section of road where there are no accident problems. But 
the use of a speed camera on the approach to a junction with speed related accident problems 
may have a beneficial effect on the accident rate at the junction . 
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A more detailed analysis of the data (Table 2) shows that on the link roads, all categories of 
accidents both at and away from junctions have decreased indicating that the effect of the 
cameras has been as important at junctions as between junctions. Some of this effect may be 
due to additional red light cameras which were installed during the 'after' period, but it is 
not unreasonable to conclude that the overall reduction of speeds on the links has contributed 
to the reduction in accidents at the junctions as well. 

TABLE 2 
Accidents on link roads in the West London Speed Control Area 

and on all other roads in the area, at and away from junctions 

Away from junctions: At junctions: 

Fatal & Slight Total Fatal & Slight 
serious serious 

Accidellts 011 Ullk roads: 

Before 45 176 221 89 313 

After 33 152 185 44 309 

Percentage change: 

After/Before -27% -14% -16% -51 % -1 % 

Accidems 011 all other roads: 

Before 252 975 1227 427 2311 

After 225 1005 1230 427 2364 

Percentage change 

After/Before -11 % +3% 0 0 +2% 

4. Speed and accident reductions in traffic calming schemes 

4.1 Introduction 

Total 

402 

353 

-12% 

2738 

2791 

+2% 

UK highway authorities do not in general undertake rigorous 'before' and 'after' studies 
whenever a speed limit is lowered or imposed. Some authorities, however, have collected 
traffic speed, flow and accident data in order to monitor the effect of various traffic calming 
schemes. Sixteen local authorities which were known to have traffic calming schemes in their 
areas, were therefore contacted with a view to obtaining data relating changes in speed in 
these traffic calmed areas to the resulting changes in accidents. Replies containing useable 
data were received from 8 authorities. This information was used in the analyses described 
below. 
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4.2 The data 

The dataset used to produce the results which follow contains full information on 63 traffic 
calmed sites - though only a sub-set of these sites has been used in the analyses presented 
below. All 63 records contain information on 'before' and 'after' 85th percentile speeds and 
accident data for three years prior to installation. However, a number of schemes have not 
been in place for long enough to provide much information after installation. The best case 
provided four years of accident data after implementation, while the worst case provided only 
five months of data. Data on the flow of traffic in the traffic calmed areas was not available 
for a variety of reasons. 

Information was also collected describing the type of traffic calming measures used in each 
scheme. It was found that most schemes used road humps, although a number used more than 
one measure. For example, schemes may include road humps and chicanes, road humps in 
a 20mph zone or road humps combined with road narrowings. 

The speed data that have been used in this analysis are the 85th percentile speeds, which is 
the speed measure collected by most authorities. This will be closely related to the mean for 
the speeds that are recorded here. If speeds were normally distributed, the 85th percentile 
will be the mean + 1.036 multiplied by the standard deviation. Analysis of a set of typical 
urban links suggests that the standard deviation for the calmed roads will be in the region of 
4 mph, so that the mean speeds at these sites will be approximately 4 mph lower than the 
85th percentile speeds presented below .. 

4.3 Results 

In all cases the speed data shows that the traffic calming schemes have achieved a reduction 
in traffic speed. However, there was one reported instance where the speeds have increased 
on a section of road following a stretch of traffic calmed road; this is possibly due to drivers 
attempting to compensate for having to slow down for the road humps. The actual change 
in 85th percentile speed and the percentage change in number of accidents per annum were 
calculated from the raw data. It was found that the mean change in 85th percentile speed was 
a reduction of 10.6 mph with a standard deviation of 4.9 mph. The mean of the percentage 
change in number of accidents per annum was a reduction of 64.9 per cent. 

Two analytical methods have been used on the data. Section 4.3.1 below describes an 
analysis based on the differences in the before and after speeds and accidents carried out 
using simple least squares regression. Section 4.3.2 describes an analysis using the 
Generalised Linear Modelling methodology applied to the raw accident and speed data from 
the traffic calmed sites. 

4.3.1 Least squares regression analysis 

The analysis using least squares regression reponed in this paper relates to a subset of 54 
sites. This subset excluded data from schemes which had less than 12 months accident data 
and/or used other measures in conjunction with road humps. The best fitting regression line 
through the origin was: 
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~P = 5.14 ~S 

where ~P and ~S are as before. This is shown in Figure 2 as the solid line with the 95 % 
confidence envelope shown by dotted lines (95 % confidence intervals of the slope are: 4.13, 
6.15) 

4.3.2 Generalised Linear Modelling 

The number of accidents occurring in a specified period of time can be often be treated as 
if it had been drawn from a Poisson distribution whose mean is the mean of al l such accident 
numbers averaged over all the sites included in the sample. This fact prompted further 
investigation of the data using the Generalised Linear Modelling (GLM) methodology 
implemented in the GLIM package. For this purpose a data set was compiled which 
consisted of the following variables and factors: 

N Number of accidents occurring before or after the implementation of the 
traffic calming scheme, 

T The time period in years corresponding to the accident numbers N, 

S The 85th percentile speed corresponding to the accident numbers (before or 
after) N, 

BA A 2-level factor indicating whether the data related to a 'before' situation 
(BA = 1) or and 'after' (BA = 2), 

The full data set thus consisted of 126 cases (data corresponding to 63 sites 'before' the 
installation of the traffic calming measures and 63 corresponding to the 'after' data). A model 
with Log link and a Poisson error structure was then fitted to the whole data set and to a data 
set in which two sites with particularly high accident frequencies were omitted, to explore 
variation within the data. In its logged form the model fitted was: 

In(N) - In(T) = Po + P1 (5) + P2 (BA) 

Where N, T, S and BA are defined above, and the {j's are the coefficients to be determined . 

The coefficients of the best fit model for the data set which omitted the two high accident 
sites are given with their standard errors in Table 3. (The inclusion of the two high accident 
sites makes little difference to the result, but the actual values of the estimated coefficients 
will then be heavily dependent on those two particular sites.) 
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TABLE 3 
Models of accident frequencies at traffic calming sites (excluding 2 high accident sites) 

Best Fit Model. -

Ln [Constant] - ({3o) 

Speed, S - ({31) 

Ln[BA] - ({32) 

Speed Only Model: 

Ln[Constant] - ({3o') 

Speed, S - ({31 ') 

Coefficient S.E. 

-1.699 

0.066 

-0.611 

-2.448 

0.085 

0.591 

0.0 16 

0.319 

0.450 

0.013 

It will be seen from Table 3 that the statistical significance of the before/after factor is 
marginal, so that statistically speaking, this term could be dropped. The lower half of 
Table 3 shows the values of the parameters {3o', and {31', of a model which includes only S 
(the 85th percentile speed). In this model, only speed differences are allowed to explain the 
between site differences in the before and after accidents numbers. 

The best fit model appropriate to the data set excluding the two high accident sites, explains 
approximately 40% of the non-Poisson variation within the accident counts. This means that 
there is considerable unexplained variation in the accident data which cannot be attributed 
to either the effect of the explanatory variables or to the basic Poisson error structure of the 
accident counts themselves. The standard errors in Table 3 have been adjusted (upwards) 
to take account of these non-Poisson errors. 

A supplementary analysis showed that the speed effect within the before data although larger 
than within the after data was not significantly so; a common speed effect is therefore 
justified. For the model excluding the two high accident sites, the models can be written: 

A = 0.183 exp(0.066 S) x [1, 0.543] 

A' = 0 .086 exp(0.085 S) 

Where A is the accident frequency (accidents per year) predicted by the model which 
includes the BA factor and A' is the corresponding values for the model which includes speed 
only. In the first equation, the BA factor is given in square brackets . It is 1 in the befo-re 
situation and 0.543 in the after - indicating that its effect is to reduce 'after' accidents by 
some 46 per cent in addition to reduction generated by 'after' reductions in speed. 
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The exponential model for speed enables the results shown in the above equation (that 
including the BA term) to be simply represented in the 'differential' form. Differentiation 
of the equations with respect to S (speed) provides the relationship: 

£lP = 6.6 £lS 

where £lP and £lS are as before. Thus the effect of speed on accidents demonstrated by this 
analysis is that accidents have decreased by between 6 and 7 per cent for every 1 mile per 
hour decrease in speed. This result is remarkably close to the overall average effects 
calculated by the classical regression method given earlier strongly suggesting that the main 
cause of the reduction in accidents at these sites are the speed reductions brought about by 
the traffic calming measures. 

This conclusion is confirmed by comparing the effectiveness of the speed and BA terms in 
the above models in predicting accidents. Table 4 compares the observed and predicted 
accident frequencies before and after the introduction of the traffic calming measures at 
speeds corresponding to the mean before and after speeds. 

TABLE 4 
Comparison of observed and predicted accident frequencies. 

Before After 

Accidents per year: 

Observed 1.86 0.48 

Predicted (A) - Best fit model 1.76 0.47 

Predicted (A ') - Speed only model 1.61 0.64 

Mean Speeds 34.29 23.49 

It will be seen from Table 4 that the model using speed only reproduces the differences 
between the before and after accidents quite well - thus indicating that the speed term is 
providing the majority of the explanatory power of the model. However, the additional term 
BA does provide some additional explanation, suggesting that some - probably most - of the 
factor of 0.543 attributed to the BA factor in the equation given in Table 4, arises from 
before/after effects other than speed. Figure 3 shows the model fit to the data (excluding the 
two high accident sites), split into 'before' and 'after' categories . 
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s. Conclusions 

The review of a wide range of international studies relating changes in mean speeds with the 
resulting changes in accidents has shown that a 1 mph reduction in speed can result in a 5 
per cent reduction in accidents. If as in the US example, where speed limits on interstate 
highways were raised, and as a result traffic speeds increased, then accidents will increase 
also. 

The implementation of a camera enforcement scheme in West London reduced mean speeds 
on the main roads in the area by about 5 mph. All injury accidents in the year following the 
initiation of the speed control scheme, fell by 14 per cent and fatal and serious injuries fell 
by 36 per cent. Although these reductions are not quite as large as the 5 per cent for each 
1 mile per hour reduction in mean speed suggested by the international review, they are still 
considerable. 

The relationships between change in speed and percentage change in accidents for traffic 
calmed roads are remarkably consistent with the relationship derived from the international 
study. In traffic calmed schemes 85th percentile speeds fell by an average of about 11 mph 
while accidents fell by 65 per cent. Although some of this reduction in accidents would seem 
to have been due to effects other than speed, but the majority of the accident reduction is 
associated with the reduction in speed. In these schemes, accidents fell by 6.6 per cent for 
each 1 mph reduction in speed. 
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ABSTRACT 

For modern highway geometric design of two-lane and multiple lane rural- as 
well as suburban roads qualitative and quantitative safety issues are 
proposed. 

The study consists of five steps: 

1. The fatality situation in Europe and the United states was analyzed ln 
order to show "Where people died?" and "Who died?". 

2. Utilization ratios for maximum permissble side friction factors were 
developed for different road categories, topography levels, as well as 
maximum and minimum superelevation rates. 

3. The resulting experiences revealed, that about 50 % or even more of the 
fatali ties can be attributed to two-lane rural highways and at least 
half of them to curved roadway sections and the corresponding transit­
ions. 

Therefore, three Safety Criteria for Modern Highway Geometric Design 
Guidelines were developed, in order to alleviate the accident risk at 
the above mentioned critical locations. The quantitative classification 
of the three Safety Criteria is based: 

on the experience of Criterion I, that the driving behavior of motor­
ists, expressed by the absolute difference of the 85th-percentile 
speeds between successive design elements should fall into certain 
ranges (achieving consistency in the alinement) . 

on the experience of Criterion 11, that considering individual design 
elements the absolute difference between the observed 85th-percentile 
speed and the design speed should correspond to certain ranges 
(harmonizing design speed and operating speed), and 

on the experience of Criterion III, that in curved sections the 
difference between geometry assumed side friction and side friction 
demand should also correspond to quantitative ranges (providing 
adequate dynamic safety of driving), 

when evaluating IIgood", "fair", and "poor" design levels. Corresponding 
evaluation backgrounds for operating speeds and side friction factors 
were developed for modern highway geometric design exemplarily. 

4. To identify potential safety errors for new designs and redesigns a 
procedure is presented, based on the three individual Safety Criteria. 
The procedure is explained by a case study, how to transfer unsafe 
sections of old alinements into an overall sound curvilinear alinement, 
which represents only "good design levels ll

• 

5 . The three proposed Safety Criteria were combined for the first time in a 
Safety Module for evaluating whole road networks by using Geographical 
Information Systems. 

6 · Important Standard Cross Sections are presented. 



1. HISTORICAL DEVELOPMENT OF ALINEMENT DESIGN PROCEDURES 

Alinement design procedures are influenced primarily by the 

experience and education of the highway design engineer. The 

development started wi th simple polygon sections to describe 

horizontal alinements, which were then based on circular 

curves. Finally, alinements were developed by the standard 

elements "tangent (straight), transition curve (clothoid or 

spiral) and circular curve" in the horizontal alinement and by 

the elements "tangent, circular curve and quadratic or cubic 

parabola" in the vertical alinement. Generally, an early incor­

poration of the vertical alinement into highway geometric 

design and mutual tuning with the horizontal alinement is 

adopted today . 

Figure 1 shows the development, over time, of alinement design: 

1) Tangent and circular curve . 

2) Tangent and circular curve with transition curve (circular 

curve with double radii of curve as transition curve). 

3) Tangent and circular curve with transition curve (clothoid 

or spiral, cubic parabola, etc.) 

4) Alinement as 3), but without any interim tangent. 

5) Three dimensional alinement wi th superimposed distortion 

points as 4) but including the vertical alinement. This 

could be called an ideal "Curvilinear Alinement". 

It follows that the exact evaluation of road characteristic is 

one important step for designing consistent and understandable 

curvilinear roadway sections. In this connection two-lane rural 

road safety is an issue of pressing national concern in Europe 

and the U. s. A. These roads have the highest accident rate of 
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any class of highway, with fatal and injury per vehicle-km 

exposure accident rates consistently being four to seven times 

higher than those on rural interstate highways. 

Even though design speed has been used for several decades to 

determine allowable horizontal alinement, it is possible to 

design certain inconsistencies into highway alinement especial ­

lyon two-lane rural roads. At low and intermediate design 

speeds, the portions of relatively flat alinement interspersed 

between the controlling curvilinear portions may produce opera­

ting-speed profiles that may exceed the design speed in the 

controlling sections by substantial amounts. This is true for 

transition sections between successive design elements (for 

example: tangents to curves) and for the observed individual 

design element (for example: the curve itself). 

To overcome this weakness in current practice consideration of 

curvilinear alinement becomes of significant importance. 

In addition cross section features are very important for the 

road characteristic besides the alinement elements. One of the 

strongest impacts on traffic safety is for example the fact, 

that whether a road is separated directionally by a median or 

not. A separation by a median produces a quali ty jump for 

traffic flow and safety. For multiple lane divided highways 

combined with grade - separated intersections it can be estimated 

that 

the personal injury accident rate is less than half, and 

- the fatality rate is only one quarter, 

as compared to those of two - lane highways with at grade inter ­

sections. Therefore, many of the following considerations are 

primarly concerned with two-lane rural roads. 
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2. HIGH RISK TARGET LOCATIONS AND AGE GROUPS 

The tragic but real consequence of traffic accidents continues 

as one of the world I s most current examples of irresponsible 

social behavior. People need to be made aware of, and assume 

responsibility for the possible effects of their driving beha­

vior on themselves and on others. This lack· of awareness and 

responsibili ty may be an important reason why more than 1/2 

million people are killed in vehicle accidents each year. Of 

the millions who are injured, hundreds of thousands are maimed 

for life. Therefore, let us ask, where do people die? 

The above numbers seldom appear in a newspaper or in a TV 

bulletin, but they actually summarize what happens in one year 

worldwide. A single airline crash, or mari time disaster, is 

front page news and prompts a federal investigation. But, death 

in a traffic accident remains, for the most part, an invisible 

slaughter. 

Figure 2 reveals fatality distributions for different road 

categories in selected countries. 

According to this figure it can be estimated, that about 50 % 

or even more of the fatalities can be attributed to two-lane 

roads outside of built-up areas, and at least half of these 

serious accidents occur on curved roadway sections . For exam­

ple, considering that at least for Germany 57 % of the rural 

fatali ties were caused by run-off the road accidents - the 

typical accident type for curved sites - this would mean, that 

on the rural road type (in the majori t y of cases : two - lane) 

0.57 x 0 . 55 = 0.31 ~ 31 % 

of the fatal accident situation occurs at curved sites. Nearly 

the same ist t r ue with regard to serious injuries. 
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Thus curved sites represent one of the most critical locations 

for answering the question "Where do people die?" and when 

considering measures for reducing accident frequency and seve­

rity. 

Multiple lane highways, on the other hand, are much safer. For 

example, the American "Interstate" and the comparable German 

"Autobahn" system represent with about 10 % of the total number 

of fatalities the safest road class (Figure 2), even though 

25 % of the vehicle-kilometers driven are normally done on 

these roads. Multilane highways normally are designed very 

generously, that means curvilinear aspects are already more or 

less regarded for the design of these roads. 

Figure 3 reveals the distribution of fatalities by age-groups 

for selected countries. As can be seen, young drivers aged 15 

to 24 are endangered in large part in all refered countries, 

due to excessive speed and often because of their lack of 

driving experience. 

This age group represents on the average 28 % of all fatalities 

in Europe and the U.S.A., although the proportion of the popu­

lation is only about 16 % in both continents. If follows, that 

the percentage share of fatalities for this age group is rough­

ly twice this figure. Note, that in several countries the 

fatality percentage of the age group ) 64 years is also rela ­

tively high with regard to the population proportion. Therefo­

re, wi th regard to the question "Who dies?" always the age 

group "15 - 24" and often the age group ") 64" are highly 

endangered. 
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3. CURVED ROADWAY SECTIONS 

The previous statements proved, that first of all two-lane 

rural roads reveal the highest accident risks and severi ties. 

Therefore, this portion of the road network should be regarded 

with special emphasis, when designing, redesigning, as well as 

conducting restoration, rehabilitation or resurfacing (RRR-) 

projects for these roads. 

The safe and efficient movement of traffic is greatly influen­

ced by the geometric features of the highway. A review of 

accident spot maps normally shows that accidents tend to clu­

ster on curves, particularly on very sharp curves. Even though 

the design engineer possesses detailed information - derived 

from driving dynamic formulas and standard values - on driving 

. through a curve, accident frequency and severity often appear 

to not coincide with the actual driving behavior. Many of these 

speed errors may be related to inconsistencies in horizontal 

alinement that cause the driver to be surprised by sudden 

changes in the road's characteristic, to exceed the critical 

speed of a curve and to lose control of the vehicle. These 

inconsistencies can and should be controlled by the engineer, 

when a roadway section is designed or improved. 

In conclusion of the newest research work in this field, it is 

stated about the relationship between accident si tuation and 

"radius of Cu rve" by Choueiri, Lamm et al. [1, 2]: 

- Sign i ficantly higher curve accidents occur at sharper curves. 

- The accident risk (expressed through the accident rate) and 

t he accident severi ty (expressed through the acciden t cost 

rate) dec r ease with increasing radius of curve · 
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- Road sections with radii less than 200 m have an accident 

rate which is at least twice as high as that on sections with 

radii greater than 400 m. 

- A radius of 400 m provides a cross-point in safety. 

For radii greater than 400 m, 

ti vely small. 

the gain in safety is rela-

The same radius of curve in a sequence of similarly tuned 

radii can have effects on the accident situation other than 

those in a non-tuned sequence of different radii, as is 

usually the case on most old alinements, where especially 

"isolated curves" between long tangents are very dangerous. 

However, the horizontal alinement of the road is not solely 

. characterized by the radius of the curve. 

To evaluate quanti tati vely curve design in the future, three 

safety criteria were developed by Lamm et al. [3-7J in order to 

- achieve operating speed consistency, 

- design consistency, and 

- driving dynamic consistency. 

But before these three safety criteria will be discussed, sound 

dri ving dynamic assumptions for tangential and side friction 

factors wil l be established. 
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4. ESTABLISHMENT OF PERMISSIBLE FRICTION FACTORS 

Recent research has emphasized, that sufficient friction supply 

is to be regarded as an important safety issue [8-11]. The 

roadway should provide a level of skid resistance for safely 

accommoda ting the braking and steering maneuvers, which can 

reasonably be expected for the particular site and a skid 

resistant pavement surface is one key element in the prevention 

of skidding accidents. 

To alleviate this problem several countries have established 

evaluation backgrounds for the distribution of skid-resistance 

in their road networks, in order to relate the maximum permis­

sible friction factors to the 90th- or 95th-percentile distri­

bution curves of these backgrounds. In this way the over­

whelming majority of road surfaces is covered, for example 

Germany uses the 95th-percentile distribution curve of Figure 4 

as basis for the assessment of maximum permissible tangential 

friction factors. 

4.1 Tangential Friction Factor 

For most countries those skid-resistance evaluation backgrounds 

like on Figure 4 do not exist so far. Therefore, an overall 

regression relationship between tangential friction factor anj 

design speed was established in [12], based on the assumptions 

for maximum allowable tangential friction factors for the 

Federal Republic of Germany, 

the U. S .A . (see Figure 5). 

France, Sweden, Switzerland, and 

The developed overall tangential 

friction regression curve and equation are presented in this 

figure. This relationship was compared with actually existing 

skid - resistance inventories in Germany and the U. S. A. and is 

considered today as reasonable for safety, economic, and envi ­

ronmental demands . Therefore, the equation on Figure 5 may be 

used in modern Highway Geometric Design Guidelines for determi­

ning stopping sight distances and radii of crest vertical 

curves. 
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4.2 Side Friction Factor 

After the establishment of the relationship between the maximum 

permissible tangential friction factor and the design speed, 

the question arises in which range the utilization ratio "n" of 

the maximum permissible side friction factor shall be selected. 

Based on international experience, this value varies between 

n = 40 % and n = 50 % for rural roads. This means, that 92 %, 

respectively 87 % of friction in the tangential direction is 

still available, when riding through curves for acceleration, 

deceleration, braking or evasive maneuvers [11, 13, 14, 15]. 

In this way the equation for the maximum permissible side 

friction factor is given in its general form according to 

Table 1 as: 

fRperm = n x 0.925 x fTperm ( 1 ) 

The reduction factor of 0.925 corresponds to tire-specific 

influences [11, 15]. 

4.3 Arrangements for Different Topographic Levels and Road 

Categories 

4.3.1 Rural Roads 

Based on the specific topographic conditions in many countries 

(flat, hilly and mountainous topography) different utilization 

ratios were considered as reasonable for the side friction 

factors for the category group "Rural Roads". 
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Flat Topography, Maximum Superelevation Rate (Rural) 

In flat topography and/or snow-free areas an utilization ratio 

of n = 45 % is justified for the application of maximum super­

elevation rates of e max = 8 % (9 %), based on practical exper­

ience in several European countries. The relationship between 

maximum permissible side friction factor and design speed is 

graphically/presented as curve (3) in Figure 6. The correspon­

ding equations (2a) and (2b) can be found in Table 1. For 

comparitive reasons the relationship for the maximum permissi ­

ble tangential friction factor and the design speed is given as 

curve (1). 

Hilly and Mountainous Topography, Maximum Superelevation Rate 

(Rural) 

For hilly and mountainous topography a utilization ratio of 

n = 40 % for maximum superelevation rates of e max = 7 % is 

considered as reasonable, in order to compensate from the 

driving dynamic safety standpoint the decrease in supereleva­

tion rate through a lower utilization ratio. The relationship 

between maximum permissible side friction factors and design 

speed is represented through curve (4) in Figure 6 and the 

equations (3a) and (3b) in Table 1. 

Using the utilization ratios of side friction of n = 45 % for 

flat topography and of n = 40 % for hilly/mountainous topogra­

phy, there is still 90 %, respecti vel y 92 % avai lable for 

friction in the tangential direction, when driving th r ough 

curves · 
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Minimum Superelevation Rate (Rural) 

Besides the establishment of utlization ratios for determining 

permissible side friction factors, when implementing maximum 

superelevation rates, the evaluation of a justified utilization 

ratio is also very important when implementing minimum super­

elevation rates. Fundamentally, the assumptions of utilization 

ratios stem from considerations about danger classes [16] in 

such a way, that for smaller superelevation rates the utiliza­

tion ratio "n" can be selected at a lower level. 

For the overwhelming majori ty of all investigated countries 

wi th the exception of the U. S. A., the minimum superelevation 

rate is selected to be equal to that in tangents because of 

drainage and driving dynamic safety requirements and corre­

sponds to the value of emin = 2.5 %. In this case a utilization 

ratio of n = 10 % is considered as reasonable [13, 16]. The 

relationship between the side friction factor and the design 

speed is for all topography classes represented through curve 

(6) in Figure 6 and equations (4a) and (4b) in Table 1. 

4.3.2 Suburban Roads 

For the category group "Suburban Roads" it can be expected that 

the speed level is normally lower than on roads for the catego­

ry group "Rural Roads". Therefore, a higher utilization ratio 

of the side friction factor can be tolerated in respect to 

dri ving dynamic safety considerations and is urgently reque ­

sted due to economic, environmental and municipal development 

reasons. 
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Maximum Superelevation Rate (Suburban) 

For suburban roads a maximum utilization ratio of n = 60 % for 

e max = 6 % is justified [16, 17]. In this case 80 % of friction 

is still available in the tangential direction, when driving 

through curves. Curve (2) in Figure 6 and equations (Sa) and 

(5b) in Table 1 represent this case. 

Minimum Superelevation Rate (Suburban) 

Because of the expected lower speed levels on suburban roads 

in contrast to those of rural roads for the application of 

minimum superelevation rates emin = 2.5 % a higher utilization 

ratio of the side friction factor also appears to be justified 

and is selected according to the German Guidelines [13, 16] to 

n = 30 %. The relationship between side friction factor and 

design speed is given through curve (5) in Figure 6 and equa ­

tions (6a) and (6b) in Table 1. 

An exact listing of the maximum permissible tangential as well 

as side friction factors is given in Table 2 with regard to the 

design speed, the road Category Groups "Rural" and "Suburban", 

for the different topography classes as well as for the recom­

mended maximum and minimum superelevation rates. 

Futhermore in Table 2, the respective minimum radii of curve 

are calculated based on the driving dynamic formula for curve 

design (equation 7) wi th regard to the newly developed side 

friction factors in combination with the as reasonable conside ­

red maximum and minimum supe~elevation rates. 

A comparison of Table 2 with several existing Hi ghway Geome t-. 
ric Design Guidelines reveals that for higher design speed 

levels the differences in the calculated Rmin - values are rela ­

tively small, while for lower design speed levels the values in 
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Table 2 are often higher than those of the other guidelines . 

This is reasonable, especially since lower design speeds are 

often exceeded by sustantial amounts, as was observed in all 

studied countries. 

Therefore, to differentiate utilization ratios of side friction 

for individual road categories, topography classes as well as 

for maximum and minimum superelevation rates appears justified, 

since such a differentiation provides logical driving dynamic 

safety reserves there, where they are mostly needed. Additio­

nally, considering maximum permissible side friction factors 

for minimum superelevation rates also completes the overall 

driving dynamic design process. 

In this study maximum and minimum superelevation rates were 

selected based on international experience and the sometimes 

used values of emax = 10 % and even emax = 12 % were conscious­

ly not considered in recogni tion of the combined controls of 

construction processes, maintenance difficulties and the opera­

tion of heavy vehicles at low speeds, for example under snow 

and ice conditions. 

Fundamentally the developed maximum tangential and side fricti­

on factors consider important safety aspects. These will affect 

the proper dimensioning of the design elements knowing that 

certain qualitative safety reserves are present. But so far 

nobody can examine quanti tati vel y a level of "Safety" or "Un­

Safety" at curved sites. Therefore, the development of quanti- ­

tative Safety Criteria is the next important step. 

12 



5. THREE QUANTITATIVE SAFETY CRITERIA IN HIGHWAY GEOMETRIC 

DESGIN 

Research studies and design guidelines agree that by limiting 

the changes in operating speeds - expressed through the 8Sth­

percentile speeds - between road sections to certain ranges, it 

can be determined whether the break in the speed profile is 

acceptable, or may cause a speed change that could lead to 

critical driving maneuvers. Research studies also indicate that 

the design speed and the 85 th-percentile speed (V8S) on wet 

pavements must be wall balanced to ensure a fine tuning between 

road characteristics, operating speed, and driving dynamics. 

For instance, studies have shown that the design speed concept 

allows to build in critical inconsistencies into the horizontal 

alinement, for example between the flatter and sharper portions 

of the highway, when the controlling horizontal curves someti­

mes correspond to an arbitrarily selected design speed. In 

these cases, transition sections may exist, requiring unexpec­

ted critical speed changes from the driver, which may in turn 

lead to hazardous driving maneuvers. In addition, a tendency 

exists for some drivers to travel faster than the design speed 

on which the original design of the road section was based by 

substantial amounts, especially at lower design speed levels . 

This tendency points to the desirability that harmonizing 

design speed and operating speed is an important goal to be 

considered in new designs, redesigns, and rehabilitation stra ­

tegies of rural roads. 

Therefore, one of the major highway geometric design problems 

is the incompatibility in geometric and operational require ­

ments which are caused by trying to fi t together geometric 

components conveniently and economically rather than trying to 

satisfy operational requirements. Other inconsistencies are the 

result of upgrading a highway cross section without upgrading 

the alinement. Because cross section features can be more 

apparent than the alinement, there are instances where a wider 

cross sec t ion on an old alinement might convey a message to the 
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driver and could lead to an inappropriate expectancy based on 

the visual aspects of the cross section. Geometric inconsisten­

cies violate driver expectancy and, therefore, may degrade 

traffic operations and safety. They have higher workload requi­

rements than drivers expect, and they often require abrupt 

changes in operating speed, path, or both. Such changes have 

been identified as surrogate measures for accident experience 

on rural highways. 

To overcome this weakness in current practice, methods to 

improve highway alinement consistency and to generate a more 

uniform road characteristic have to be developed and especially 

'. regarded by highway design engineers in cases of new designs, 

. major reconstructions, and for the redesigns of accident black 

spots as well as for rehabilitation- and restoration work. 

Therefore, the following safety criteria should be regarded as 

important rules for reducing accident frequency and severity. 

We as highway design engineers need not only qualitative but 

also quantitative safety criteria for evaluating our roads in 

the future. Thus, the following three Safety Criteria should be 

~. applied in future highway geometric design, to achieve 

operating speed consistency (Safety Criterion I), 

- design consistency (Safety Criterion 11), and 

- driving dynamic consistency (Safety Criterion III). 

5.1 Safety Criteria I and 11 for Two-Lane Rural Roads 

At the end of the 1980' s two safety cri teria for "Highway 

Geometric Design" of two-lane rural roads were developed for 

the U.S.A . by the author, which also are meanwhile recommended 

for Europe, for example to complete or replace the existing 

procedures in the German and the Swiss Guidelines/Standards. 
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They were introduced already into the new Greek Guidelines and 

were furthermore presented for Sweden, Japan, Hungary and 

Israel. 

The development of the first two Safety Criteria is based: 

- on the experience of Criterion I, that the driving behavior 

of motorists, expressed by the absolute difference of the 

85th-percentile speeds between successive design elements, 

should fall into certain ranges, and 

on the experience of Criterion 11, that considering indivi­

dual design elements solely the absolute difference between 

the observed 85th-percentile speed and the desgin spep-d 

should also correspond to certain ranges, see Table 3. 

The 85th-percentile speed is defined as that speed, which 85 % 

of passenger cars do not exceed under free flow conditions on 

clean, wet road surfaces. 

Briefly concluded, these two criteria presented in Table 3 

express the need to alleviate the accident risk and severity at 

curved sites and the corresponding transitions. In this conne c ­

tion it was found, that the most successful parameter in ex ­

plaining much of the variability in 85th-percentile speeds 

(V85) and accident rates (AR) was the design parameter "cur ­

vature change rate of the single circular curve with transition 

curves (KE )". This parameter describes the design of a curve 

through the length-related course of the curvature, which 

appears to be one of the most important variables regarding the 

operating speed- and accident situation . The formula for KE is 

also presented in Table 3. Furthermore, this new design para ­

meter includes the influence of the transition curves (in f ront 

and behind of the circular curve) and it regards the overall 

length as well as the central angle of the curved sites. 
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The .ranges for the assessment of good design-, fair design-, 

and poor design levels for the design parameter "KE" and the 

corresponding speed differences in Table 3 are based on acci­

dent research in the U.S.A. and Germany. For example, research 

carried out demonstrated the following: 

- For all lane widths combined, 

(a) gentle curvi linear horizontal alinements consisting of 

tangents or transition curves, combined with curves up to 

KE ~ 180 gon/km experienced the lowest average accident 

risk; classified here as "qood design", 

(b) the accident rate on sections with a change in KE-values 

between 180 gon/km and 360 gon/km was at least twice as 

high as that on sections with a change in KE-values up to 

180 gon/km, classified here as "fair design", 

(c) the accident rate on sections with a change in KE-values 

between 360 gon/km and 540 gon/km was about four times 

higher as that on sections with a change in KE-values up 

to 180 gon/kmi classified here as "poor design". 

The listed changes in the 85th-percentile speeds of Safety 

Criterion I for good, fair and poor design in Table 3 corre­

spond on the average to the determined changes in the KE-values 

between successive design elements for most of the investigated 

countries. 

While Safety Cri terion I deals wi th the 85th-percentile speed 

transition between successive design elements (for example~ 

tangent to curve or curve to curve), Safety Cri terion II is 

solely related to the circular curve itself and the tuning of 

the selected design speed (Vd) with the actually observed 

operating speed, expressed again by the 85th -percentile speed 

(V85i ). The corresponding ranges for harmonizing design - and 
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operating speed are also presented for the different design 

levels of Safety Criterion 11 in Table 3. 

For determining the 85th-percentile speeds (V85 ) with regard to 

the curvature change rate of the single circular curve wi th 

transition curves (KE ), the so far known and the newest opera­

ting speed backgrounds are compiled in Figure 7 for various 

countries. By knowing the KE-values of curved roadway sections 

and/or independent tangents (KE ::: 0, compare [18]) the 85th­

percentile speeds can be determined from Figure 7 for the 

respecti ve country under study, and the existing or planned 

horizontal alinements can be characterized according to the 

ranges of Safety Criteria I and 11 in Table 3, based on good, 

fair, and poor design levels. 

Operating speed backgrounds (like those in Figure 7) should be 

part of every modern highway design guideline, when striving 

for a good curvilinear alinement and for a more consistent and 

safer road characteristic. In this way "operating speed consi­

stency" (Safety Cri terion I) and "design consistency" (Safety 

Criterion 11) can be achieved for the first time according to 

Table 3. 

For those countries, where operating speed backgrounds do not 

exist so far, the following recommendations can be given, based 

on the experiences gained when establishing the relationships 

presented through the curves 1, 2, 3 and 5 in Figure 7. 

In order to ensure that the speeds measured represented the 

free speeds desired by the driver under a set of roadway condi ­

tions and were not affected by other traffic on the road, only 

the speeds of isolated Passenger Cars with a minimum time gap 

of about 6 seconds were measured. Speed measurements were made 

during daytime hours on weekdays under dry pavement conditions. 

Passenger Cars heading a platoon of vehicles should not be 

regarded. 
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: The basic method used for speed data collection involved the 

measurement of the time required for a vehicle to traverse a 

measured course laid out in the center of a curve. Speed measu­

rements were also taken on preceding and succeeding tangents to 

the curved site. Length of the course was 50 m. The method used 

for measuring time over the measured distance involved use of 

transverse pavement markings that were placed at each end of 

the course and an observer who started and stopped an electro­

nic stop watch as a vehicle passed the markings. The observer 

was placed at least 5 m from the pavement edge of the road to 

ensure that his presence would not influence the speeds of 

passing vehicles, but not too far away so as to minimize the 

cosine effect. 

By applying this procedure, satisfactory speed data were obtai­

ned for both directions of travel. Because of money, time, and 

personnel constraints about 50 to 75 passsenger cars under 

free-flow condi tions were sampled at each si te for both direc·­

tions of traffic. Speed data were then used to obtain the 

operating speed, expressed herein by the 85th-percentile speed 

- that speed below which 85 percent of the vehicles travel . 

Normally about 100 curved sites with varying KE-values between 

o and 500 gon/km should be sufficient to establish the opera­

ting speed background of the respective country under study. 

The effect of wet pavements on 85th-percentile speeds of pas­

senger cars were also examined. Ample evidence exists to indi ~ 

cate that wet pavement does not have a great effect on opera~ 

ting speed, and that drivers will not adjust their speed~ 

sufficiently to accommodate inadequate wet pavement on curve~ 

in particular. Furthermore, results of the statistical analyses 

indicate that the relationship of the operating speed for dr{ 

pavement conditions (Figure 7) is also valid for wet pavemen ~ 

conditions so long as visibility is not affected appreciably by 

heavy rain. It is obvious that drivers do not seem to recognize 
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the fact that because of the lower coefficients of friction on 

wet pavements as compared with dry, wet pavements could lead to 

critical driving maneuvers or even accidents. 

When evaluating new designs, redesigns or existing roadways 

according to the ranges of Safety Criteria I and II in Table 3 

it can be expected for 

Case 1 (Good Design) 

E'or those road sections, consistency in horizontal alinement 

exists between successive design elements, and the horizontal 

alinement does not create inconsistencies in vehicle operating 

speeds. No adaptions or corrections are necessary. 

Case 2 (Fair Design) 

These road sections may represent at least minor inconsisten­

cies in geometric design between successive design elements. 

Normally, they would warrant traffic warning devices, but no 

redesigns. 

Superelevation rates and stopping sight distances should be 

related to vas to ensure that side friction assumed will accom­

odate to side friction demand. 

Case 3 (Poor Design) 

These road sections reveal strong inconsistencies in horizontal 

geometric design between successive design elements combined 

with those breaks in the speed profile that may lead to criti­

cal accident frequencies and - severities, and thereby to an 

uneconomic and unsafe operation. Therefore, normally redesigns 

are recommended . 
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5.2 Safety Criteria I and II for Mulitple Lane Rural Roads and 

Suburban Roads 

The previous results are related to two-lane rural roads. For 

multiple lane rural roads, (like Interstates or Autobahnen) no 

statistically sound results are known for the relationship 

between 85th-percentile speed and road characteristics expres­

sed by the design parameter liKE'" because of the normally very 

generous alinements of these roads. The few existing studies 

indicate, if at all, a very low decrease of the 85th-percentile 

speed with increasing KE values. 

Therefore, in general, Safety Crition I does not become rele­

vant for "Multiple Lane ll rural highways. For covering the 

safety aspects of Safety Criterion 11, it is proposed in [17] 

to estimate the 85th-percentile speed (V85 ) in the following 

way (for example for establishing superelevation rates and 

stopping sight distances): 

V85 = Vd + 10 km/h, 

V85 = Vd + 20 km/h, 

Vd > 100 km/h 

Vd ( 100 km/h 

where Vd is the design speed [km/h]. 

For 11 Suburban Roads 11 - this category group 

built-up roads in the periphery and inside 

( 7 ) 

( 8 ) 

encompasses non 

built - up areas 

(arterials and main collectors) - new investigations revealed 

again no statistically sound relationship between 85th ­

percentile speed and road characteristics (K E ) . This is predo ­

minantly caused by the fact, that on these roads a conside r ably 

lower speed level exists depending on imposed speed limits and 

other traffic regulatory measures as well as on different 

structural and municipal design features. That means examining 

Safety Criterion I on these roads does not make sense for this 

road category. However, the studies also revealed that on those 
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roads the 85th-percentile speed level is normally higher than 

the posted speed limit (Vperm ). Therefore, it is recommended 

for reasons of traffic safety to regard Safety Criterion II for 

design purposes (i.e. relating superelevation rates, stopping 

sight distances) according to the following assumptions [17]: 

V85 = Vperm + 20 km/h (for example primary arterials) ( 9 ) 

V85 = Vperm + 10 km/h (for example secondary arterials) ( 10) 

V85 = Vperm (for example main colletor roads) ( 1 1 ) , 

where Vperm is the posted speed limit. 

5.3 Driving Dynamic Safety Criterion III for Curve Design 

It remains the development of a Safety Criterion Ill, which is 

able to evaluate the driving dynamic aspects when cornering. 

That means, Safety Criterion III is again related, like Safety 

Criterion II to the individual design element, in the present 

case "the circular curve". Safety Criterion III compares side 

friction assumed for curve design (fR ) in the exis ting Gui­

delines with the actual side friction demand (fRA ), needed at 

curved sites [6, 7]. 

In this connection it was shown, that the side friction factors 

for curve design, assumed for the different design speeds, in 

the Geometric Desi9n Guidelines of Germany [13] and of the 

U.S.A. [23] are often exceeded by those, demanded by the 85th­

percentile speeds under real world conditions. These situations 

begin wi th KE - values of about > 225 gon/km and correspond to 

radii of curve of about R < 280 m according to Figure 8 for 

Germany as well as for the U .S.A . Furthermore, it could be 

proved, that in the case of good desgin levels, side friction 

assumed (fR) exceeds side friction demand (f RA ). In the case of 

poor design levels, side friction demand exceeds side friction 

assumed, compare Figure 8. 
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Again, based on the recommended differences of the KE-values 

for "good", "fair" and "poor" design levels in Table 3, the 

corresonding differences between side-friction assumed (fR) and 

side friction demand (fRA ) were estab l ished through Figure 8. 

As can be seen from these figures the limi ting values for 

"good" and "poor" design levels are nearly the same for Germany 

and the U.S.A. It was decided, to use the German limiting 

values as permissible-, respectively non-permissible ranges for 

Safety Criterion III (providing adequate dynamic safety of 

driving through circular curves) , as demonstrated in Table 4. 

The decision to select the German values is based on the fact. 

that besides circular curves the influence of transition curves 

is here already additionally regarded. Safety Criterion III i~: 

applicable for two-lane and multiple lane rural as well as for 

suburban roads. 

6. PROCEDURE FOR DETECTING SAFETY ERRORS 

An individual examination of roadway sections, based on the 

three Safety Criteria according to Table 5 is recommended, when 

evaluating specific roadway sections. This is especially true, 

when the highway engineer has information available about the 

planned or the existing highway, the safety quality (good or 

fair) to strive for and about local condi tions and available 

funds. For example, the designer may be able to improve the 

alinement in cae of a failure of only one safety criterion in 

such a way, that the safety deficiency can be eliminated with­

out affecting the other criteria and their design impacts. 

In order to recognize safety errors for new designs or redesign 

already in the planning stages or necessary safety improvements , 

for RRR-projects before implementation, modern planning toolsi, . 
have to be made available to the highway engineer. Complex da t a 

I 
processing systems must be part of today I s planning tools., 

Therefore, the following procedure is established in such ~ 
way, that it can be applied manually or using CAD [25] . 
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6. 1 Case study: Old Alinement 

The existing horizontal alinement of Figure 9a shows a two-lane 

rural state Route in South-West Germany in the plain of the 

River "Rhine". Accident analysis indicates a high accident 

frequency and severity at element 2 (R = 150 m). The longitudi­

nal grades are less than 2 % and the AADT-values corresponded 

to 7200 vehicles per day in 1991. The lane width is 3.50 m. The 

"old" alinement should be improved, and the "new" alinement 

should represent the level "good design practice" for all three 

individual safety criteria. 

Wi th the exception of element 2 all the other curved roadway 

sections (elements 4 to 6) corresponded at least to a design 

speed of 90 km/h according to the German Guidelines for the 

Design of Roads [13]. Consequently it was decided to select 

90 km/h as the design speed, in order to keep the reconstruc­

tion costs, as low as possible. 

The design data of the old alinement, the design speed of 

Vd = 90 km/h, the lane width of LW = 3.50 m, the measured 

superelevation rates represent the input data for the Subpro­

gram "Safety Computations", developed in [25]. In this subpro­

gram the relationship between KE-values and v85-percentile 

speeds (in the present case for curve 4 of Figure 7) is stored, 

as well as the equations for calculating side friction assuemd 

(fR) and side friction demand (fRA ), see Table 5 . In this way 

Safety Criteria I to III according to Table 5 can be examined 

at once for "good", "fair" and "poor" design levels. 

In Table 6 the output-data of the safety 

are listed in numerical mode up to element 

the cri tical curve (element 2) indicates, 

evaluation process 

3 . An analysis of 

that the absolute 

85th-percentile speed differences between the elements 1 and 2 

as well as between the elements 2 and 3 exceed 20 km/h and 

reveal "poor design" according to the ranges of Criterion I in 
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Table 5. The same is true for Criterion 11 regarding the abso­

lute difference between 85th-percentile speed and design speed 

and for the driving dynamic Criterion III regarding the diffe­

rence between side friction assumed (fR) and side friction 

demand (fRA ) for the curve element 2. (Note, that the 85th­

percentile values, computed here automatically by the subpro­

gram based on the KE-values, could also have been determined 

from Figure 7 (Curve 4) in case of a manual safety evaluation 

process. The same ist true for calculating side friction assu­

med (fR) and side friction demand (fRA ) according to the formu­

las in Table 4. 

A graphical presentation of the numerical results was developed 

currently with Table 6 and is presented in Figure 9a for use 

at the PC-screen or as printout. In this way the different 

design levels, based on the individual Safety Cri teria I to 

Ill, can be recognized visually by using discriminating colors 

or symbols. For a better understanding it should be mentioned, 

that the graphical symbols for Criterion I are directed verti­

cally to the road axis, while the symbols for Criterion 11 are 

arranged at the left side and those for Criterion III at the 

right side parallel to the aXIS. 

By evaluating the graphical layout of Figure 9a it can be 

recognized at once, that the critical curve (element 2) corre­

sponds to poor design practices regarding all investigated 

safety criteria. This result supports the previous statements 

about the serious accident situation at this curve site. 

In addition it can be seen, that the curve with the radius 

of 400 m (element 4) can be only evaluated as "fair design" 

for Criterion I considering the transition between elements 

3 and 4. Fair design practice could also be noticed for Cri ­

terion III in this curve. All the other road sections of the 

existing alinement in Figure 9a reveal "good design pratices" 

and don I t need any changes wi th regard to future redesign 

tasks. 
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6.2 Case study: Curvilinear Alinement 

For safety reasons "good design levels" should always be stri­

ved for, if no other superior goals are of relevant importance. 

This is true for new designs of multilane as well as for two­

lane rural or suburban roads. A procedure for achieving good 

design levels (also called "curvilinear alinement" or "relation 

design") is presented in Figure 9b. The results of the safety 

evaluation process show no safety errors or deficiencies, based 

on Cri teria I to II I according to this figure. All three 

criteria confirm "good design practices" for the curvilinear 

alinement along the whole observed two-lane rural roadway 

section. Thus, it can be expected, that the final alinement, 

presented in Figure 9b is a sound one. 

6.3 Case study: Safety Module for Road Networks 

AS an overall safety evaluation procedure the previously dis ­

cussed three safety criteria shall be combined in an overall 

safety moduel [26]. Table 7 shows the classification system of 

the safety module, as based on the Criteria I to III for good, 

fair, and poor design levels. All three criteria are weighted 

equally. At least two of the three cri teria have to be in 

agreement in the decision process in order to assess the design 

safet y level. The developed procedure represents the current 

state of knowledge. Figure 10 schematically shows (using dis­

criminating symbols or colours) the resul ts of the overall 

safety module for a case study in Ehingen County in South-West 

Germany for good, fair, and poor designs . For developing those 

graphs the Geometric Information System "SPANS" was used 

[26, 27] . Normally the graphs are presented using discrimina ­

ting colours, but because of the printing rules for this work ­

shop black and whi te symbols had to be used . The sections 

without symbols in the figure were not subject for analysis. 
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Analyzing Figure 10 the discussed procedure indicates, that the 

process for evaluating networks by an overall safety module is 

possible and that this safety module does include the three 

discussed safety criteria in geometric highway design for the 

first time according to the classification system of Table 7. 

To determine the degree of agreement between the developed 

safety module and actual accident rates on observed roadway 

sections, a three-year case study was conducted. The results 

are shown in Figure 11. As can be seen from this figure the 

circular symbol, which represents full agreement, and the 

triangular symbol, which represents a lower accident rate than 

the safety module would predict, predominate. Thus, it can be 

concluded, that in the majori ty of investigated road sections 

the actual accident rate agrees well with the developed safety 

module or the results are at least on the safe side . Only in 

the rare cases of the quadratic symbol the actual accident rate 

is higher than the predicted one . 

Thus, the results of the overall safety module seem to be 

pointing in the right direction for evaluating roadway sections 

or networks with respect to design, redesign, rehabilitation 

and restoration strategies. 

6.4 Conclusion 

Three safety cri teria for evaluating curved roadway sections 

including transition sections were analyzed in order to address 

these important target areas for reducing accident frequency 

and severity: 

Criterion I "Achieving Consistency in Horizontal Alinement", 

Criterion II "Harmonizing Design Speed and Operating Speed", 

and 

Criterion III "Providing Adequate Dynamic Safety of Driving" . 
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The three safety criteria represent important tasks in modern 

h ighway design and redesign strategies for improving traffic 

safety. 

A procedure for enabling the highway engineer to evaluate 

specific alinements of two-lane rural roads by applying the 

three discussed individual safety cri teria was presented in 

this study. 

Furthermore, the above safety criteria constituted the core of 

the overall safety module, proposed in this study for classi­

fying road networks according to good, fair, or poor design. 

Criteria I to III can be applied manually or by using a Geogra­

phic Information System (GIS). 

The results seem to be pointing in the right direction for 

evaluating individual roadway sections and overall networks 

with respect to design, redesign, rehabilitation, and restora­

tion strategies. 

7. CROSS SECTION DESIGN 

As already mentioned several times cross section design has 

also a very important impact on traffic safety. 

It is impossible to discuss in this workshop all relevant 

safety issues, which stand behind the individual cross sectio ­

nal elements and the overall cross section design of multiple 

and two- or three - lane rural roads . For example, how to design 

vehicle space, moving space and safety space? All three in ­

fluencing parameters with regard to speed lead finally to the 

determination of the lane width of a specific road . In this 

connection the importance of the paved shoulder as emergency 

lane should not be forgotten . 
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Typical Standard Cross Section for non built-up roads are 

presented in Figures 12 and 13, elaborated and modified accor­

ding to the German Guidelines [20]. 

The letters a/b/ c/ d/ e define the lane width in the following 

way 

a) means a lane widths up to 3.75 m (inside lane), the other 

lanes of the multiple lane cross section are 3.50 m, 

b) means a lane width of 3.50 m for multiple lane- and of 3.75 

for two-lane cross sections, 

c) means a lane width of 3.25 m for multiple lane- and of 

3.50 m for two-lane cross sections. 

Accordingly 

d) means a lane width of 3.25 m and 

e) means a lane width of 3 . 00 m for two-lane cross sections. 

The numbers in the road designations mean the numbers of lane~ 

of the cross section type. 

m) means "Median", 

s) means paved shoulde r , for example as emergency lane, 

SCS) means "Overall Width" of the Standard Cross Section. 

Fundamentally, about cross section, road characteristic and 

safety can be argued: Road cross se ction, alinement and inter ­

sections are essential parts of road characteristics and in-
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fluence together traffic safety. Therefore, they have to be 

tuned to each other and continuance of the same Standard Cross 

Section over longer roadway sections is very important for a 

consistent road characteristic. 

The safety of traffic flow depends on numerous, partially 

unassessable influencing factors. Besides traffic volume and -

composition the design of the cross section of the road is of 

significant importance. Since with decreasing lane width the 

moving and safety spaces decrease also, the risk with respect 

to opposing and passing vehicles increases, if the speed is not 

reduced accordingly. 

Finally, it should not be forgotten, that for a safe and consi­

stent road characteristic not only the horizontal alinement and 

the cross sections, but the vertical alinement is essential 

also, as well as the superimposition of these three components. 

In conclusion allow me to say: 

Highway Geometric Design is a science, like mathematics, phy ­

sics, chemetry or biology etc. 

But contrary to those sciences, we highway design engineers 

decide through our work about life and death, at least to an 

essential part . 

Therefore, the people one day may look to us as "lifepre ­

servers" or as persons, who did not care about life, families, 

grief combined with fatalities, and or serious injuries" . 

Therefore, everyone of us has to make the decision, what kind 

of highway englneer, he intends to beComes or to be. 
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General form for the equation of the Maximum Permissible Side 
Friction Fractor 

fRperm = n x 0.925 x fTperm ( 1 ) 

RURAL ROADS 

Flat Topography, Maximum Superelevation Rate e max = 8(9)% 

n = 45 % 

fRperm = 0.45 x 0.925 x fTperm = 0.42 x fTperm (2a) 

fRperm = 0.25 - 2.04 x 10-3 x Vd + 0.63 x 10-5 x (Vd )2 (2b) 

Hilly and Mountainous Topography, Maximum Superelevation Rate 
e max = 7 % 

n = 40 % 

fRperm = 0.40 x 0.925 x fTperm = 0.37 x fTperm (3a) 

fRperm = 0.22 - 1.79 x 10-3 Vd + 0.56 x 10-5 x (Vd )2 (3b) 

Minimum Superelevation Rate emin = 2.5 % 

n = 10 % 

fRperm = 0.10 x 0.925 fTperm (4a) 

fRperm = 0.05 - 0.45 x 10-3 Vd + 0.14 x 10-5 x (Vd )2 (4b) 

SUBURBAN ROADS 

Maximum Superelevation Rate e max = 6 % 

n = 60 % 

fRperm = 0.60 x 0.925 x fTperm = 0.56 x fTperm 
(Sa) 

fRperm = 0.33 - 2.72 x 10-3 
Vd + 0.85 x 10 - 5 x (Vd )2 (5b) 

Minimum Superelevation Rate emin = 2.5 % 

n = 30 % 

fRperm = 0 . 30 x 0.925 x fTperm = 0.28 x fTperm (6a) 

fRperm = 0.16 - 1 .35 x 10-3 x Vd + 0.42 x 10 - 5 x (Vd )2 (6b) 

Table 1: Recommended Equations for the Relationships between 
Maximum Permissible Side Friction Factors and Design 
Speed for Different Road category Groups, Topography 
Classes as well as Maximum and Minimum Superelevation 
Rates 



Design Speed km/h 40 50 60 70 80 90 100 110 120 

Category Groups IIRural Roads (RR)" and IISuburban Roads (SR)II 

fTperm 0.420 0.385 0.353 0.324 0.299 0.276 0.256 0.239 0.225 'I 

Category Group IIRRII (Flat Topography, emax ) 

f Rperm n=0.45 - 0.160 0.147 0.135 0.124 O. 115 0.107 

emax =8(9)% 

R . (m] - 85 mln 125 180 250 330 425 

- (80) (120) (170 ) (235) (310) (400) 

Category Group IIRR" (Hilly and Mountainous Topography, emax ) 

fRperm n=0.40 - 0.143 0.131 0.120 O. 11 0 0.102 

emax =7% 

R . mln (m] - 95 140 200 280 370 

Category Group IIRRII (All Topography Classes, emin ) 

fRperm n=0.10 - 0.036 0.033 0.030 0.028 0.026 

e . =2.5% mln 

R . mln [m] - 325 490 700 960 1250 

Category Group "SR II (emax ' emi n) 

fRperm n=0.60 0.233 0.214 0.196 0.180 0.166 0.153 

emax =6% 

R . mln [m] 45 70 110 160 225 300 

f Rperm n=0.30 O. 117 0.107 0.098 0.090 0.083 0.077 

e . =2.5% mln 

R . [m] 90 150 mln 230 335 470 630 

Legend 
RR = Rural Roads; SR ~ Suburban Roads 

Driving Dynamic Formula for Curve Design 
V 2 R ~ radius of curve [m] 

R = - d (7) fR: side friction factor [-] 
127 x (fR+e) e: superelevat'on rate [~/100] 

Vd : design speed [km/h] 

0.095 

480 

0.024 

1600 

-

-

-

-

0.100 0.094 

530 650 
(500) (620) 

0.089 0.083 

600 740 

0.022 0.021 

2000 2500 

- -

- -

- -

- -

Table 2: Maximum Permissible Tangential and Side Friction Factors and Recommen­
ded Minimum Radii of Curve with Regard to Design Speed, Road Category 
Group, Topography as well as Maximum and Minimum Superelvation Rates. 
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SAFETY CRITERION I (Operating Speed Consistency) 

CASE 1: Good Design Level 
Permissible Differences: 

IKEi - KEi+1 12 180 gon/km 

IV85i - V85i+11 ~ 10 km/h 

CASE 2: Fair Design Level 
Tolerated Differences: 

180 gon/km < I KEi - KEi+11 ~ 360 gon/km 

10 km/h < IVaSi - VaSi +1 ~ 20 km/h 

CASE 3: Poor Design Level 
Non-Permissible Differences: 

liKE; - KEi+11 > 360 gon/km 
V8Si - V85i+1 I > 20 km/h 

SAFETY CRITERION 11 (Design Consistency) 

CASE 1: Good Design Level 

IV8Si - Vdl 2 10 km/h 

CASE 2: Fair Design Level 

10 km/h < IVaSi - Vd l ~ 20 km/h 

CASE 3: Poor Design Level 

IVaSi - Vd ! > 20 km/h 

Kc = 
&.. 

where 

(~ + ~ +~) • 63700 

L 

Lcr 
R 

L 

Lc 11, Lc 12 
V8Si 
Vd 

= L + L 11 + L 12 = Lenoth of curve [km] cr c c -
= Curvature Change Rate of the Single Circular Curve 

with Transition Curves [gon/km] 
= Length of circular curve [m] 
= Radius of circular curve [mJ 
= Lenght of clothoids in front and behind [mJ 
= 85th-percentile speed of design element "i" [km/h] 

= Design speed [km/h] 

Table 3: Ranges of the Safety Criteria I and 11 for Good, Fair and Poor 
Design Levels for Two -lane Rural Highways. 



SAFETY CRITERION III 

Case 1: Good Design Level 

KE 2. 180 gon/km 

Permissible Differences: 

+ 0.012. fR - fRA (Gennany) 

Case 2: Fair Design Level 

180<KE2.360 gon/km 

Tolerated Differences: 

-0. 042.fR-fRA<+0. 01 (Germany) 

-0.03<fR-fRA <+0.01S (U.S.A.) 

Case 3: Poor Design Level 

KE > 360 gon/km 

Non-Permissible Differences: 

< -

< -

0.04 (Germany) 

0.03 (U.S.A.) 

Legend: See Table 3 and 
Figure 8, as well as 
the following Equa­
tions: 

V 2 
d 

fR = 127 x R - e [-] 

2 V8S 
fRA = 127 x R - e [-] 

e = superelevation rate [~/100] 

Table 4: Ranges of the Safety Criterion III for Good, Fair 
and Poor Design Levels for Two -Lane Rural Roads. 



Safety Good Fair Poor 

Criterion Design Levels 

Permissible: Tol erated: Non-Permissible: 
10 km/h < 20 km/h < 

1 IVaSi - VaSi+l l I VaSi - Vasi+l1 I VaSi - VaSi+ll 

~to km/h .:: 20 km/h 

10 km/h < 20 km/h < 

II IVaSi - Vd l IVaSi - Vd l IVaSi-Vd l 
.:: 10 km/h < 20 km/h 

+ 0.01 < - 0.04 < - -
III fR - fRA fR - fRA fR - fRA 

< + 0.01 < - 0.04 

VaSi = aSth Percentile Speed; Vd = Design Speed 

fR = Side Friction "Assumed"; fRA = Side Friction "Demand" 

Table 5: Range of the Safety Criteria 1 to III for Good, Fair, and 
Poor Design Levels. 



AXIS : 1 

ELEH. : 1 STATION 
RADIUS FROH TO 

o 0.00 1190 . I. 2 

CLOTHOIDS 
BEFORE BEHIND 
0.00 0.00 

V85 
99.70 

SUPER­
ELEVATION 

2.5 

CRIT. 11 : IV85 1 - Vd l = 9.70 =~ GOOD DESIGN 

Transition 1-2 for Crit. 1 : IV85 1 - V85 2 : = 32.98 =~ POOR DESIGN 

ELEH. : 2 STATION 
RADIUS FROK TO 
-150 1190.42 1390.00 

CRIT. 11 I V85 2 - Vd l 
CRIT. Ill: fR fRA' 

CLOTHOIDS 
BEFORE BEHIND 
0.00 0.00 

V85 
424.67 67.32 

= 22.68 =~ POOR DESIGN 
= -0.09 =~ POOR DESIGN 

SUPER­
ELEVATION 

7.0 

Transition 2-3 for Crit. I : V85 2 - V85 3 : = 32.98 => POOR DESIGN 

ELEH. : 3 STATION 
RADIUS FROK TO 

o 1390.00 2373.79 

CRIT. 11 

Transition 3-1. for Crit. I 

CLOTHOIDS 
BEFORE BEHIND 
0.00 0.00 o . 00 

V85 
99.70 

9 .70 =~ GOOD DESIGN 

SUPER­
ELEVATION 

2.5 

va5,,: = 15.95 => FAIR DESIGN 

Table 6: Example of the Numerical Output Data for the Safety Evaluation 
Process for Elements 1 to 3 (Old Alinement). 



CLASSIFICATION 

by Cri teri a I to I I I of t he Safety Module 

1 2 

3 x good 
2 x good/1 x fair Good Design 
2 x good/1 x poo r 

--- - - -----

3 x fa ir 
2 x f ai r/1 x good Fair Design 
2 x fa i r / 1 x poo r 
t x good/1 x fair/1 x poor 

3 x poor 
2 x poor/1 x good Poor Design 
2 x poor/1 x fair 
~--- ------ ---

Table 7: Classification of the Safety Module for Good-, 
Fair- and Poor Design Levels. 
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Figure 3 Distr ibution of Fatalities by Age Groups for 

Se lected Countries (1991) . 



- 30 - 50 - 65 80 - 95 [km/h] -110 0.6 ,.....---~po-o-----r------r----~--:.-.;...-.:-..;..;..; 

0.5 

..r -~ 
0 -u 
C 

lJ.:. 
C 
0 . --u 
'-

lJ.. -0 -C 

0.4 

0.3 

Overall Regression Curve 
....... (equation (l)) ...... 
....... ....... ......... 

ClI 0.2 
rn 
c 
~ 

0.1 

O~------~------~------~------~~--~ 20 30 40 50 60 [mph] 70 

Speed V 

Figure 4: Percentile Distribution Curves for the Relationship 
between Tangential Friction Factor and Speed for 600 
Wet Pavements in the Federal Republic of Germany 
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Overall Tangential Friction Regression Equation: 

-3 -5 2 
fTperm = 0.59 - 4.85 • 10 • Vd + 1.51 • 10 • (Vd) 

R2 = 0.731 

where fTperm maximum permissible tangential friction 

factor [-] 

Vd design speed [km/h] 

Figure 5: Relationships between Maximum Permissible 
Tangential Friction Factor and Design Speed 
for Different Countries, along with the Over ­
all Regression Curve (1 2). 
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Legend: 

1 fTperm for "RR" and tlSR tI 

2 f Rperm for "SR" n=60 et e = 6% max 
3 f for "RRtI Flat Topog Rperm • 

n=45 % emax =8%(9%) 

4 fRperm for "RR" Hilly/Mount. Topog. 

n=40% emax = 7% 

5 f Rperm for "SR" n=30·~ emi n = 2.5% 

6 f
Rperm 

for "RR" All Topog. classes 

n = 10~ emin = 2.5% 

fT/fRperm = maximum permissible 
tangential/side friction 
factors 

RR = Rural Roads 
SR = Suburban Roads 
n = utilization ratio of side 

friction 
emax/emin = maximum/minimum superele ­

vation rates 

Figure 6: Graphical Presentation for the Re lationships "Side Friction Factor 

vs. Desiqn SpeRd", Compare also Tables 1 and 2. 
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Two Lane Rural Roads 
1. Germany,New [19] 

V85=1/(8.27x1O-3+8.01x1O-6xKE} R2=0.730 
Speed Limit:100 km/h 

2. Greece [20] 
V 85=60.85+50.86xe-0.0037 x KE R2=0.797 
Speed Limit:90 km/h 

3. U.S.A. [3, 4] 
V85=93.85-1.82xDC q2=0.787 
Speed Limit:90 km/h 

4. Germany,Old [13] 
L+--t---+--+--~ V85=60 + 39.70 x e(-3.98x1Q-3xKE) 

Lane width:3.50 m 

1 

o 90 130 

5. U.S.A. [21] 
V85=103.04-1.92xDC . R2=0.80 

6. France [22] 
V 85=102/[1+346/(63700/KE} 1.5] 
Speed Limit:90 km/h 

I I 
I 

270 360 

Ke [gon/km) 
450 540 

Figure 7 '. Operating Speed Backgrounds for Different Countries and Two -Lane Rural Roads 

(The necessary conversions and different data bases effect the accuracy of this 

diagram marginally) . 
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Figure 11 : Level of Agreement between Safety Module and Actual Accident Rate 
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URBAN STREETS 
By Kenneth Kjemtrup, The Danish Road Directorate 

O. Introduction 

The condition for attaining the greatest possible level of road safety on urban 
road networks is that road users behave in a manner that reduces the risk of 
accidents. 

Road users' understanding of risks is culturally conditioned and is related to 
their respect and consideration for other people. 

Depending on road users' understanding of risks, it is the road designer's job 
to design a road network that gives to the road user clear signals on the 
behaviour that promotes traffic safety. 

Regardless of this, the designer should take care that the traffic picture is 
comprehensible and simple, in order to minimise the cognitive loading. 

Due to differences in traffic culture it is not appropriate to offer unambiguous 
instructions on the correct design. This paper concentrates therefore on 
describing certain fundamental physical conditions for the development of 
good design. 

Section 2, however, offers recommendations that are based on general 
European experience of designing for road safety. 

1. Conditions for geometric design 

In recognition of the fact that economic means are limited, and that it is 
therefore a question of using the means with the greatest benetit/cost ratio, 
the overall need for investment in the total road network should be reviewed. 
A plan should be drafted for where and how the now of current and future 
traftic is to be maintained. 

1.1 Traffic plan 

A traffic plan should be drafted that covers the motorists' road network, the 
light road users' road network and the public transport system's road network.'". 
When establishing these road networks, consideration should be given to road 
safetyL a sense of security, accessibility, passability, capadty, clearness, the 
environment and urban architecture. 



Hard traffic should be separated from soft traffic to the extent possible and 
fast traffic should be separated from slow traffic. Where possible, the traffic 
system should therefore be designed on the principle of traffic differentiation. 

However, it is not normally possible to do this in established urban areas. 
where a large part of the street network is used by both hard and soft road 
users. Thus, in practice, there will be a significant degree of coincidence 
between the networks of the different traffic systems. 

The established streets in urban areas are often multifunctional and can 
seldom be ascribed a single function. Some roads serve as thoroughfares but 
pas's through residential areas, some are shopping streets and residential 
streets with local traffic as well as through traffic, etc. 

Consideration must be given to where through traffic should be routed and 
then to the matter of how to establish the greatest possible degree of safety 
when soft and hard traffic must flow together. 

Many investigations have shown that speed has a signiticant effect on road 
safety, security and the environment. 

The speed differential must not be excessive when soft and hard road users 
must share the same traffic area. In other words, if cyclists and vehicular 
traffic are to drive together, the speed on the road should not be much above 
30 km/h, whereas if pedestrians and vehicular traffic must share the same 
area, the speed should not exceed 15 km/h. 

The following road classification system has proved useful as a basis for 
setting priorities in road-safety promoting efforts and for determining the 
design of roads. 

Functional classification: 

- traffic roads 
- local roads 

(through traffic) 
(local traftlc) 

Speed classification: 

- traffic roads * high speed 
* medium speed 
* low speed 

- local roads * medium speed 
* low speed 
* very low speed 

70-80 krnIh 
50-60 krn/h 
30-40 krnIh 

50-60 krnIh 
30-40 krnIh 
10-20 krnIh 
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On traffic roads. it is recommended that high speed be used very seldom, and 
then only when light road users are well separated from vehicular traffic. 
Low speed is recommended where there are many cyclists and there is no 
space for cycle lanes, where there are many pedestrians crossing the road and 
outside schools, shops and public service facilities. 

On local roads. medium speed can only be used where there are few accesses 
or where there are few light road users. Very low speed should used on local 
roads and traffic areas where pedestrian activities are more important than 
vehicular traffic. 

1.2 Conditions for designing individual roads 

A road's function as a traffic road or local road and its speed class are set in 
the traffic plan. Apart from the significance of the road class for the 
geometric design, a number of other parameters will also affect the design: 

- facade conditions 
- parking conditions 
- area needs of traffic 
- road equipment conditions 
- analyses of traffic accidents 
- sight conditions 
- the environment. 

Facade conditions 
Different types of area utilisation, such as shops, institutions or dwellings, set 
different requirements on the surrounding areas. Similarly, entries and exits 
from property - numbers and types - have great significance for the effective 
width of cross-section elements. Exit constructions that cross pavements and 
cycle paths require sufficient width for the ramp to the road surface. 

Parking conditions 
If a road is used for parking, consideration should be given to the question of 
whether or not parking should be maintained or be removed to 
specially-planned parking areas. Experience from a number of European 
countries has shown that, if attention is not given to the obvious need for 
parking, parking will take place in the light road users' areas. 

Area need of traffic 
Road users' physical area need when in motion is dependent on the 
dimensions of the individual road user and the quantity of traftic. The 
Highway Capacity Manual, 1994, gives an excellent description of the 
capacity parameters on stretches tor vehicular trafiic, whereas the capacity for 
light road users and the capacity at junctions must be based on national 
studies, due to its high dependency on behaviour. 
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It can be mentioned, for instance, that cycle capacity in China is 3 times 
greater than in Denmark. Quite simply, the Chinese cycle more closely 
together. Studies of capacity at roundabouts in Europe also show different 
and values in the different countries, depending again on behavioural 
differences. 

But the capacity is obviously an important condition of geometric design, as 
it is decisive for the number of lanes and the width of the light road users' 
traffic area. 

Analyses of accidents at roundabouts show that two access lanes or two exit 
lanes entail a higher accident rate than do single access and exit lanes. The 
reason is that road users conceal each other, thus limiting the free sight of 
circulating traffic. 

If the capacity for cycle traffic is insufficient over a stretch, the fastest 
cyclists will tend to use the road instead of the cycle path. If the capacity of 
the pedestrian waiting area at pedestrian crossings is too low, pedestrians will 
probably stand on the cycle path or go out into the road, thus creating 
disturbances and risks, especially for cyclists. 

The dynamic area needs of vehicles are of considerable significance to the 
width of a road and to the location of road equipment. The maximum 
dimensions of normal vehicles are specified in EU directives, but there will 
always be exempted vehicles, such as certain wide items of agricultural 
equipment or especially long industrial vehicles. 

The dynamic area needs of turning vehicles are of great signiticance to the 
geometry of junctions and to the safety of light road users. The faster a 
vehicle turns, the greater its area need and the greater the risk of overlooking 
cyclists and pedestrians. At the same time, large turning areas entail large 
junctions, which can result in reduced capacity, especially at junctions 
controlled by traftic lights. 

Road users need more space when they are in motion than when they are 
stationary. Consideration must be given to this when locating tixed objects. 
such as road equipment. 

Where cyclists are concerned, all protruding objects should be considered to 
be fixed .. as even a pedestrian or marking cone can topple a cyclist. 

Every effort should therefore be made to ensure that road equipment is 
located at a suitable distance from the kerb and edge of the cycle path. The 
figure below is reproduced from the Danish Guidelines for Geometrical 
Design . 
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Road signs and markings are used to guide road users and should therefore be 
located so that it is possible for road users to read and understand the 
information to be imparted in sufficient time to take the appropriate action. 
This sets requirements on the geometric design of road constructions. Thus, 
road signs and markings should be considered to be an integrated part of the 
geometric design. This is unfortunately practiced all to rarely in Europe, 
where there is a clear impression that the road designers tirst started to 
consider the need for road markings after road geometry was specitied. 

Serious accidents can result, for instance, if direction signs, prohibitions or 
traffic lights are observed too late. 

In this context. it should be mentioned that advertisements, the true purpose 
of which is to attract attention, can disturb road users' capacity for reading 
and understanding the information that the authorities wish to impart to them 
for the sake of road safety. Unfortunately. the int1uence of advertisements on 
road safety has not yet been sufticiently investigated. 

Road lighting 
In urban areas., the primary purpose of road lighting is to ensure that weak 
road users can be seen. that they can see the state of traftic areas at night, to 
offer security against attack, etc. 
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The level of illumination should be suited to the road class and, thus, should 
always ensure that road users can see far enough ahead to be able to stop at 
an obstruction. 

But, when an accident occurs, street lighting and other large items of road 
equipment can be dangerous objects, if they are involved in collisions at 
speeds of over 40 km/h. Thus, on roads in the medium- and high-speed 
classes, consideration should be given to locating lamp posts as far from the 
road as is economically feasible, or to equipping them with break-away safety 
devices. Where light road users would be exposed to danger if a lighting 
post should collapse as a result of an accident, the choice of break-away 
safety devices should be assessed on the basis of a thorough risk analysis. 

Analyses of 
traffic accidents 

An accident analysis should be conducted before any alterations to a stretch 
of road, a junction or other traffic area. 

Accident analyses are an important requisite to understanding what can be 
wrong with road constructions, and they should be conducted regularly 
throughout the functional life cycle of such constructions. Such analyses 
should be based on accident reports, road and traffic data and inspection at 
site. 

Concerning geometric design, it is especially important to study: 

- clearness 
- visibility conditions 
- optical guidance 
- the visual environment 
- road user behaviour 
- road markings 
- vertical sign markings 
- other traftic conditions that cannot be determined from available traffic data. 

If accidents occur as a result of excessive speed in relation to the planned 
speed - the reference speed - attempts should be made to reduce the speed 
with the aid of physical speed reducers. 

If accidents are due to changed or impaired sight conditions on a stretch of 
road or at a junction. it will be nece~sary to assess whether or not conditions 
can be brought into harmony with the reference speed or whether the 
referenc...'e speed should be reduced to correspond to the anainable sight 
condit~ns . 
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2. Design of road elements 

Once the categories of road user on a stretch, road class and speed class have 
been defined in the traffic plan, and when piJlot studies have determined the 
number of lanes, bus lanes, parking lanes. whether or not a cycle path should 
be laid, pedestrian areas, road equipment plan, speed reduction, etc., there is a 
basis on which to do the detailed design of the traffic areas .. ie alignment 
elements, cross-section elements, design of junctions and selection of types of 
speed reduction. 

Alignment Elements 
There are only limited degrees of freedom when choosing alignment elements 
- gradient, vertical curves and horizontal curves - in established urban areas. 
The surroundings have normally set a tixed framework. 

But one factor decisive for road safety is that sight is sutllcient to permit road 
users to stop if there are obstructions on the road .. or to carry out safe 
overtaking where there is oncoming traffic and overtaking is permitted. 

The condition for being able to determine the necessary free-sight area is that 
the underlying traffic parameters are known. 

This is a matter of: 

• vehicle height 
• eye height and location in the cross section 
• object height and location in the cross section 
• braking reaction times 
• coefficients of friction 
• cycle speeds 
• pedestrian speeds. 

It should be noted here that it is important to be able to ensure not only free 
sight for motorists .. but also for light road users. Many accidents between 
light road users occur because they cannot see each other in time to stop . 
And accidents involving light road users are often serious. 

Cross -section elements 
The width of the traftic area in established urban areas is often determined in 
advance .. ie the distance from facade to facade. Where it was common in the 
1960~ to demolish buildings out of consideration for free passage and 
accessibility to vehicles .. it has become more common in the 1990s to adapt 
the traffic to its surroundings. 

The art is theretore to tind the space tor the cross-section elements spel.itled 
in planning. 
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Cycle paths 

Pavements 

The width of the road depends partly on the prevailing speed and partly on 
the types of vehicle that will use the road. 

Speed Lanewidth 

Hioh b (70-80 kmIh) 3,5 m 
Middle (50-60 kmIh) 3,00-3,25 m 
Low (30-40 kmIh) 2,75 m 
Very Low (10-20 kmIh) 2,5 m 

Figure: Lanewidth 

If. under exceptional circumstances, cycles will use a medium-speed road 
(50-60 km/h), the lane width should be increased by at least 1.0 m and it 
should be marked with a cycle lane. 

If special vehicles will use the road, it is important from the standpoint of 
vision to maintain the road width shown in the figure and to ensure 
accessibility for the special vehicles by locating road equipment outside the 
free-area requirement and, possibly, by establishing special run over areas for 
these vehicles. 

The widths of cycle paths depend on the quantity of cycle tratlic and on 
whether the cycle path is one-way or whether it is part of a divided path. 

The minimum width detennined with a view to facilitating overtaking on a 
cycle path is 1.7 m. for a one-way cycle path. 

The width of a pavement depends on the quantity of pedestrian tramc. The 
minimum width is 1.5 m and is based on the width needed for a wheelchair 
and perambulator to pass each other. 

Middle islands 

Kerbstones 

Middle islands that are located on roads to separate the traffic travelling in 
opposite directions, and to ease crossing the road for light road users. should 
be broad enough for the longest of these road users. tor instance. a cyclist. to 
stand in the shelter of the island without extending into the traffic lanes. 

Kerbstones should be designed so that they do not comprise a signiticant risk 
in the event of a collision and so that light road users cannot suffer especially 
~erious injury by falling on a kerbstone. Faceted kerbstones are nonnally 
safer than kerbstones with sharp edges. 
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When using the minimum dimensions for the various cross-section elements .. 
it is important that they are not used simultaneously. It is also important that 
cross-section elements be designed so well that the specified width is 
maintained throughout the life cycle of the entire element. In other words, 
the specified area must not be reduced by cracks, unevenness, holes or pools 
of water. 

Intersections 

Road safety 
Consideration for road safety should be given top priority when deciding on 
the location of a new intersection, the choice of intersection type in general 
and the detailed design of intersections and their surroundings. 

Driving across intersections usually involves complex manoeuvres. during 
which drivers must continuously assess the positions .. speeds, etc .. of other 
road users. It is vital to road safety that drivers be given sut1icient time to 
perceive situations and to adjust their speeds accordingly. 

In established urban areas, and when reconstructing roads, the design of 
intersections will usually be decisive for the permissible speeds. It may 
therefore be necessary to support a desired speed with physical and optical 
measures at the intersections. 

Most importantly, road users approaching an intersection must become aware 
of the intersection early enough to prepare for the necessary changes in their 
driving patterns. Road users on the minor road need information on the 
prevailing priorities soon enough for them to give way. and road users on the 
major road must also be given a clear and timely idea of the priorities ahead. 

Visibility must be good for all road users. especially from the minor road to 
the major road, along the major road (for major-road users turning left) and 
to the rear, (for major-road users turning right). 

Drivers should be able to position themselves before reaching the intersection. 
and it should be easy to choose direction and the appropriate lane once in the 
intersection. 

Due respell should also be given to light road users, ie pedestrians, cyclists 
and moped riders. This is partly because these road users constitute a 
high-risk group and their injuries are often severe. and partly because their 
behaviour on the road is le~s orderly than that of vehkular trat1ic and because 
even small inconveniences. in the form of detours and suchlike. can cause 
inappropriate behaviour at intersections. 
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Location of intersections 
An intersection should be established in a dip and preferably in a concave 
vertical curve for both roads. If this is impossible, it should tirst and 
foremost apply to the minor road. 

Intersections are best constructed on straight stretches and under no 
circumstances in sharp horizontal curves. Joining a road on the inner side of 
a curve can result in poor visibility of other vehicles. Joining a road on the 
outside of a curve with superelevation can impede minor-road users' 
perception of an intersection and it also results in an inappropriate transverse 
inclination of turning vehicles. 

Intersections should be located so that the prevailing physical conditions 
permit the establishment of the visibility splays shown later in this paper. 

Indication of intersections 
Intersections should be designed to be visually differentiated from free 
stretches. This applies just as much to their surroundings. 

This is mainly achieved by suitable interruptions of the optical alignment, by 
the provision or discontinuation of plantings, by the judicious siting of posts .. 
etc., and by the erection of road signs and markings. 

The discontinuation of kerbstones~ the provision of traffic islands, staggering 
and~ possibly, narrowing, can all contribute to the visual indication of an 
intersection. 

Priority conditions should be unambiguous. The minor road should therefore 
follow an interrupted course and, in the case of "F" intersections (four -way 
intersections) ~ it is vital to avoid misleading road users with k:"erbstones .. 
plantings~ illuminators, etc. ~ that remain unchanged after the intersection. 
This is particularly important when the facades on both sides of an 
intersection look alike. 

When priority conditions at an intersection are changed. the alignment of the 
former major road should also be changed. so that the new priorities appear 
clearly. The continuation of the minor road can be concealed by plantings 
and an interrupted alignment can be emphasised by staggering the intersection 
and changing the lighting system . 

If a minor road swings to the right shortly before a junction. perception of the 
intersection can be ensured by locating a traftic i\'land that visuaJly obstructs 
the access lane. 
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Design of intersections 
When designing intersections, an architectural balance should be sought 
between the street space and the surroundings. and the different elements 
should be utilised. 

Based on the above requirements of orientation, visibility, etc .• certain other 
general requirements can be set on the design: 

- only a few, easily recognisable, elements should be used; 
- the junction between the minor and major roads should be as close to a 

right-angle as possible; 
- when halted, minor-road users should be waiting approximately at 

right-angles to the major road; 
- at all points in an intersection, road users should have adequate visibility 

ahead, so that they can choose the correct lane. 

In intersections where the flow of traftic turning between two of the branches 
is significantly greater than the through traffic or the traffic turning between 
the other branches. it may be desirable to give higher priority to this traffic 
flow. In such case, the intersection should be redesigned so that the road 
geometry clearly shows the direction of the main traffic flow. This would 
make the priority unambiguous. 

Where the design of an intersection is intended to reduce the speed of 
vehicular traffic, the following elements can be used: 

- narrowings 
- staggerings 
- central traffic islands 
- ramps and raised carriageways 
- humps 
- changed road surfaces 
- demand-actuated lights. 

The position of road equipment, signs and road markings should be an 
integral part of the geometric design of intersections. In conneCtion with this. 
care should be taken to check that: 

- road markings. road signs. direction signs and any traffic lights can be seen 
and understood in due time by the target road users: 

- road equipment (signs. shelters. lamp posts. plantings. etc.) does not impair 
visibility: 

- Clearance requirements Can be sati sned. 
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Types of intersections 
The general design of an intersection is determined by a large number of 
factors, such as: 

- the number of branches in the intersection; 
- the number of lanes on the intersecting roads:. 
- the existence of cycle paths or lanes on the roads; 
- provisions for pedestrians (pavements, zebra crossings, traftic islands): 
- priorities; 
- control by traffic lights. 

Categorisation of intersections into types .. on the basis of the full range of 
variation of all these factors .. would result in an extremely large number of 
types. For the sake of simplicity, the distinction is limited to a few ba'iic 
types, ie: 

- intersections controlled by traffic lights 
- priority-controlled four-way intersections, "F" 
- priority-controlled three-way intersections, I'T" 
- raised side-road junctions 
- roundabouts 
- uncontrolled intersections. 

Over the past 5 to 10 years. roundabouts have become extremely popular in 
Europe. Experience of capacity and road safety has been good (especially for 
hard road users) in countries where entering traftlc must give way to 
circulating traffic. In comparison with crossings controlled by traftic lights. 
there are no fewer accidents involving cyclists at roundabouts .. but the 
accidents that do occur tend to be less serious. 

Complete agreement has not been reached on the best approach to roundabout 
design from the standpoint of safety - probably because of differences in 
traftic culture. Especially in the case of cyclists. accident analyses show that, 
although similar types of accident occur. ditlerent safety approaches are taken 
by different countries. Typically .. accidents in which cyclists are involved 
occur between circulating cyclists and entering/exiting vehicles. 

However. there does appear to be a consensus that when cyclists U'ie 
roundabouts .. the roundahouts must be designed to have a speed -reducing 
effect. so that the speeds of vehicles are reduced to 15-20 km/h. At this 
speed. it is easier for motorists to notice circulating cyclists . At the same 
time. there should not be more than one lane enten'ng and one lane leaving 
the roundabout. for the reason mentioned above. ic so that motorists do not 
obscure each othe('s View. 
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Free sight at crossings 
Care must always be taken to ensure that road users who must give way can 
see the road users to whom they must yield. This applies equally to drivers 
of vehicles - including the drivers of trucks in their high seats .. cyclists and 
pedestrians. 

A visibility splay should therefore be established to ensure conflict-free 
passage of crossings. 

The size of visibility splays depends partly on the reference speed on the 
major road, the speed of cyclists on the cycle path and the speed of 
pedestrians, and partly on the conditions built into the model, such as eye 
height, location of objects, braking reaction times and the deceleration times 
of vehicles. 

Here, it is vital that turning vehicles have the necessary view to left and right. 
and ahead and to the rear towards cyclists. 

Where the necessary free sight cannot be attained because of obstructions 
within the free-sight area, it is necessary either to modify the geometry of the 
crossing , the crossing type or to reduce the reference speed on the major 
road . 

Speed reduction 
The relationship between speed, accident risk and degree of seriousnee~) of 
accidents is well known. If the traffic plan specifies a reference speed that is 
not respected by road users, it becomes nece'isary to use speed-reducing 
measure~. 

The are two main types of speed-reducing measure: 

>;< visual speed reducers 
>;< phY'iical speed reducers. 

Visual speed reducers include road markings. psychological aids. such ac;; 
closed road spaces (with trees. gates. buildings. etc.) and attractive dec;;ign of 
the street space (walls, noor and ceiling). 

Experience shows that the visual speed reducers generally have a limited 
~peed -reducing effect. Their effect is. of course . good in countrie'ii where 
c;;peed limits are observed by road users. 

Physical speed reducers im-iude rumble strips. narrowing of the road. 
'itaggering or humps. 

Of these measures. humps are the most effective. but also the mo<;;t unpopular 
among road users - e'iipecially bus drivers. 
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However, Danish experience shows that, if humps are designed so that road 
users do not feel that they are being punished as they pass them at the signed 
speed limit, bus drivers will also accept them. The tigure shows how humps 
can be designed so that they will be accepted. When passed at the set speed 
limit. the driver is exposed to a vertical acceleration of 0.7 G. 

Speed Chord length Bus speed 

20 kmIh 3.0 m 5 kmlh 
25 kmlh 3.5 m 10 kmlh 
30 kmlh 4.0 m 15 kmlh 
35 kmlh 5.0 m 20 kmlh 
40 kmlh 6.5 m 25 kmlh 
45 kmlh 8.0 m 30 kmlh 
50 kmlh 9.5 m 35 kmlh 

Figure: Design for humps 

When installing speed reducers, it is important from the standpoint of the 
environment (air and noise pollution), and for the acceptance of road users, to 
ensure a constant speed profile. Experience shows that too great a distance 
between speed reducers causes violent acceleration and deceleration on the 
stretches. 

Visual environment 
An attractively designed street space gives road users a pleasant experience 
and attitude to travelling along a street. Experience from most of the world 
shows that beautiful objects give rise to beautiful thoughts, and that 
vandalism and violence are rare in such places. 

Beautiful design need not be costly - indeed, it is oden merely a question of 
choosing the right materials. 
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Terminology 
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Road restrrint systems 
j I 

vehicle pedestrian 
i I I I arrester crash safety 

beds cushions barriers \ 

pedektrian p~de'ktrian 
guardrails parapets 

Arrester beds : decelerate and arrest errant vehicles 
(long downhill gradients) 

Crash cushions : energy absorbtion device 
(rigid object) 

Safety barriers : road vehicle restraint system 
(alongside of a road) 

Pedestrian 
guardrails 

Pedestrian 
parapets 

: restraint system for pedestrians 

: restraint system along the 
bridge/wall 



Design of safe verges 
• design obstacle free zone 

• single obstacles: 
o remove rigid obstacles 
ouse IIharmlessll obstacles 
o protect rigid obstacles 

.'!] crash barrier 
~ impact attenuator 

") design full protected zones 

design for 
o car occupants 
c ' IIthi rd l parties 
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Impact test acceptance 
criteria 

9 . ~ '. ' ~ . ~ J . ," ,' ,. ~. ~ ~ ~ ·'.h ...... . . ,.-. . .. ~, ...... .. . . ...... . .... ... ... ....... ... . . .. .' . ." . • 

• Safety barrier behaviour 
o contain and redirect the vehicle 

without breakage 
o no part shall become detached 
C1 no part shall penetrate 

passenger compartment 
~ Test vehicle behaviour 

C l not underride or override 
c · remain upright 
C : limited exit angle 

~ Severty index 
o· ASI and THIV below max. 

values 
.. ) Test vehicle deformation 

VCDI 
'-./ Safety barrier deformation 

;-. limited dynamic deflection 
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Containment levels 

Containment levefs Acceptance test 

Containment for temporary T1 TB 21 
safety barriers only T2 TB 22 

T3 TB41 + TB 21 

Normal N1 TB 31 
containment N2 TB32+TB11 

Highter H1 TB 42 + TB 11 
containment H2 TB S1 + TB 11 

H3 TB 61 +TB 11 

Very high H4a TB 71 + TB 11 
containment H4b TB 81 + TB 11 
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'Vehicle impact test 
criteria 

. . ..... .. .... _ ..... .L .. "_" _...... i .. .... . .. ... .... _. ... .. ..... . _..... . ... ........ '. .J. ... . ......... . ... .. . .. 

Test Impad Impad 
speed angle .~ 
(kmlhl \~~L 

TB 11 100 20 

TB 21 80 8 
TB 22 80 15 
TB 31 80 20 
T832 110 20 
TB41 70 8 
TB 42 70 15 
T851 70 20 
TB 61 . 80 20 
TB 71 65 20 
TB 81 65 . .. 20 

Tota] 
vehide 

mass (kg) 

900 

1300 
1300 . 
1500 
1500 
10000 
10000 
13000 
16000 
30000 
38000 
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Impact severity levels 
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I 
i Level 
I 

!. I 
I A ! ASI < 1.0 
I 

THIV < 9 
and i I 

I1 B I ASI < 1.4 PHD < 209 
I 

(CEN, 1994) 

ASI : Accident Severity Index 

THIV : Theoretical Head Impact Velocity 

PHD : Post-impact Head Deceleration 
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Deformation of the 
restrai nt system 

i Classes of working 11 Levels of working 
: width levels width (W) 

W1 
W2 
W3 
W4 
W5 
W6 
W7 
W8 

w < 0,6 
W < 0,8 
W < 1,0 
W ~ 1,3 
W ~ 1,7 
W ~ 2,1 
W < 2,5 
W < 3,5 
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Obstacle free zones 
(Dutch manual) 
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'I speed obStacle I1 

km/h free , 
I I zone (m) : 

I I 
,90 <V < 120 1 10,00 

I

· 60 < V < 90 . 6,00 I 

V < 60 4,50 , 
, I 

10.00 

• • • • • • • • • • 
t040 : to.OO 

• • I 
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Impact attenuator 
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Impact attenuator 
RIMOB 
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. Impact attenuator 
RIMOB 
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1 . Box segments 

2. Aluminium crumpling tubes 

3. Posts with wheels 

4. Foundation support 

5. Foundation guide 

6. Guardrail elements 
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Working zones 
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~ Mini-guard 

'; ~ario-gUardi. ~~~~~~~_~~_I~~~~'~ 
I. 0,70 .. I 
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~ Safe-guard 

~ RWS-barrier 
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Aim of black spot analysis 

The aim of a black spot analysis can be described as: 

To find indications for improving the layout of an accident prone 
location, by studying similarities between features of the accidents 
occurring on that location. 

Analysis is primarily based on accident data, together with data on traffic, 
infrastructure and road environment. No consideration of near accidents, 
conflicts, fear for accidents or subjective feelings. 

The analysis is to be followed by treatment of the black spot, generally 
consisting of trqffic engineering measures (constructional or operational), not 
of educational measures, advertising campaigns, intensified enforcement, etc. 

Motivation 

A single cause of a specific accident can seldom be indicated. One can 
mostly distinguish many circumstances and/or events that have contributed to 
the occurence of the accident. These may all be regarded as a 'cause' of the 
accident. How do we know which one we should eliminate as the cause of 
future accidents? 

The best approach is to combat combinations of circumstances and/or events 
that apparently often lead to accidents or often occur at accidents. But the 
circumstances and/or events vary from place to place. So, the necessary 
analyses must be repeted. 

Registration 

To be able to study accidents (not necessarily on black spots) it is necessary 
that accidents are registered. Normally, this is done by the police. Registered 
are: 

accident data, like exact time and location, information on colliding 
vehicles, drivers, manoeuvres, collision type, damage, injuries, etc. 
data on road and circumstances, like detailed situation (with drawing), 
light, weather, road surface conditions, etc. 

But subsequent analysis of these data is hindered by the following cir­
cumstances: 
1) Not all accidents are registered: 

in Western Europe only the fatalities for almost 100%; 

2 



the lesser the injury the lower the proportion registered; 
light injuries around 10% only; 
material damage only accidents probably even less. 

2) The underregistration is not equally distributed: the percentage is lower 
for accidents where no motor vehicle occupant was injured. 

3) Parts of the registration may be erroneous if the accident was compli­
cated. 

4) Not all relevant data are registered, p.e. 
driving speeds before the accident; 
driving experience of persons involved; 
safety belt use. 

When analysing the accident data problems can partly be reduced by 
collecting data from several years together. 

Accident data are filed in national databases from which every information 
can be drawn by road administrators (sometimes also by private researchers). 
You usually have to pay for this. There are a number of standard output 
formats which can be further processed by using computer software. 

Also available are digital files of (parts of) the road networJ:. Accidents may 
be plotted on such a part of the network. 

Selection of black spots 

Black spots on a road network are locations with high accident records; these 
topographical accident concentrations may be junctions (usually), but also 
short road sections, p.e. bends. 

Black spots may efficiently and effectively be identified by retrieval from the 
systematic accident registration in the database. A usual output is a list of 
hazardous locations in a jurisdiction, in the order of decreasing number of 
accidents. There is usually an arbitrarily chosen threshold, p.e. 10 to 12 
accidents in total, or 6 to 8 accidents of the same type, all within a period of 
3 to 5 years. 

The accidents may be weighed, p.e.: 
fatality 10 
hospital admission 5 
other injuries 3 
material damage only 1 
This is only a help to make differences more pronounced; the threshold 
values change accordingly. 
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Sometimes locations are selected on the basis of a specific accident feature 
often occurring; p.e. young children as victims, heavy vehicles involved, 
alcohol usage, etc. (N.B. In the subsequent analysis, all accidents must be 
included!). This is especially the case when spearheads of attention have 
been formulated by the local government. 

To be able to make such selections, average figures must have been calcula­
ted as a reference to compare with. 

All activities up to this point can be done by people having no specific 
knowledge of traffic engineering. 

Black spot analysis method 

Once the black spots have been selected, analyses of the black spots can be 
made. The description here is mainly based on the method that has been used 
for 15 years in the Netherlands. This method is not essentially different from 
that in other Western European countries, p.e. the United Kingdom and 
France. 

The analysis does not necessarily start with the black spot having the worst 
record. 

The entire method consist of 7 steps. 

1. Data collection 

a. Accident data - 3 to 5 years 

b. Traffic data: volumes, composition, speed(?} 

c. Data on the situation: large scale map (1:200 to 500); reconstructions?, 
changes in circulation? 

From a+c: collision diagram: grouping accidents according to place and 
type 

Accident table; see example 

2. Data analysis 

Search for dominant types of accidents, p.e. 5 or more accidents of the same 
type? 
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Within dominant types, search for dominant accident features 

Examples: 
a. many accidents when road surface wet 
b. priority rule often neglected by drivers from one particular eg 
c. all drivers involved drove straight ahead 
d. no accident concentration according to time 

3. Formulating hypotheses 

Difficult! But: 
lists exist of possible hypotheses going with the most occurring accident 
types. 

Examples: 
a. longer braking distance: road surface o.k.? 
b. junction poorly visible from this leg 
c. too high approach speeds 
d. traffic volumes not important 

4. Hypothesis testing 

supposed shortcomings in layout, construction or use 
on location (N. B. Do not visit the location before! Up to this point in the 
process, the information should only be derived from accident 
registration) 
as a driver under relevant conditions 

5. Additional investigation 

if necessary 

P.e. in-depth collection of accident data: 
- by looking into original police records 
- by interviewing persons involved 
- by interviewing frequent passers-by 
- by adequate monitoring traffic behaviour 

6. Establishing accident causes 

Probable accident causes! 
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7. Proposing countermeasures 

(N.B. Do not jump to this point from step 21) 
- must take away probable causes 
- take care of adverse side-effects! 

(p.e. no speed reducing humps on 70 km/h roads with the aim of 
improving priority behaviour) 

- mostly choice out of two or more possibilities 
- various countermeasures must match 
- changing the layout (or regulations) if shortcomings have 

been discovered 
- only if this is not possible or excessively expensive, then 

other countermeasures are more likely: education, information, 
enforcement (no part of the method) 

Evaluation 

-> to be better able to estimate the effect of future countermeasures 

Before/after study: at least 3 years before, 3 years after. 

Problems (the most important of which will be dealt with by G Maycock): 
I) Accidents occur at random; the real effect of the countermeasure is to be 

distinguished from the random variation. 
2) Regression to the mean. 
3) Possible change in registration level before/after. 
4) Correction for general development in figures - > control group needed. 
5) Possible change in the road functions. 
6) Possible changes in accident types as a result of the countermeasure (p.e. 

after installing traffic lights) 
7) Accident migration. 
8) Habituation period. 

Nevertheless: monitoring must start immediately after the countermeasure 
being taken: unexpected adverse side effects are possible - > additional 
measures or even back to original layout! 

Several possibilities: 

Countermeasures 
Locations 
Accident types 

1 >1 1 >1 
1 1 >1 > 1 
~ ~1 1 >1 
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Average reductions: 
France: accidents 50% 

casualties: 50-65 % 

Recent trends 

The Netherlands: 
casualties: 55 % 

About 20% of all accidents occur on black spots. So, even if all accidents on 
all black spots could be prevented, the total number of accidents would only 
be reduced by 20%. In reality, not all accidents on black spots are prevented 
by treating the black spots. Therefore, the benefit is lower. 
If, moreover, the policy target is a reduction of more than 20%, it is clear 
that the black spot approach only is not sufficient. 

For this reason, complementary methods were recently developed in the 
Netherlands, which no longer require a topographical concentration of 
accidents. But, to carry out a statistical analysis, some way of bundling the 
accidents is always necessary. 
In one method, this bundling is accomplished by taking the accidents in a 
limited area or on a route together, so larger numbers of accidents and also 
more types of accidents can be investigated. The subsequent analysis is quite 
different from the black spot approach. Instead of starting by collecting the 
accident data the emphasis is laid on the discrepancies between the intended 
functions of the area or route, and the actual functions. 
Another method looks for a bundling of accidents that show one or more 
common characteristics, p.e. a specific collision type. In this case, the 
accidents may have happened in a large area. 

Routes are also investigated in France and Spain. As 'black routes' are 
regarded routes along which the accident rate is more than 2 to 2.5 x the 
average for that type of route. If so, an overall diagnosis of that route is 
made, a.o. on consistency. 

----""'-- -
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Priority rating during a black spot analysis 

It may be necessary to set priorities in various stages of a black spo t 
analysis: 

in the selection phase: if many black spots are discovered 
if a choice must be made between various possible countermeasures on 
a location 
if the total cost of the countermeasures on all locations that have been 
investigated exceeds the available budget 

Some usual rating methods: 

1) Simply choose the countermeasures that are expected to reduce at most 
the number of accidents or injuries. 

But: these are usually also the most expensive! 

2) Express the expected accident reduction in terms of money (per year): 
benefit. 
Then calculate the difference between this benefit and the cost of the 
countermeasures (per year, i.e. the investment divided ov~r 30 or 40 
years + interest, depending on the rate). 
Finally, choose the countermeasures that show the largest positive 
difference. 

But: expressing the accident reduction in money is arbitrary: only 
the costs of material damage and medical care? Or also the costs 
for society, also an equivalent for immaterial damage, etc? 

3) Use the same basic values as in 2), but calculate the ratio, by dividing 
the benefit by the cost: this is what you get back for your investment 
each year. 

4) Calculate the number of injuries to be saved by a countermeasure, per 
unit of money that is needed for this countermeasure: cost­
effectiveness. 

Tendency to use last method. A high cost-effectiveness (= low cost, high 
effectiveness) means that you get most safety for your money. This generally 
leads to the implementation of low-cost measures. 
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'Low-cost' is arbitrary, but following measures could be regarded as 
examples of low-cost safety measures: 

Problem 

N arrow lanes and/or shoulders 

Roadside obstacles or 
steep sideslopes 

N arrow bridge 

Sharp horizontal curve 

Poor sight distance at crest 

Various hazards at intersections 

m = marking 
s = signing and signalling 
a = additional constructions 
c = road constructions 

Measures 

Pavement edge lines (m) 
Raised pavement markers (m) 
Post delineators (s) 

Roadside hazard marking (m) 
Guardrail (a) 

Hazard marking (m) 
Pavement markers (m) 
Right of way control (s) 
Approach guardrail (a) 
Speed reducers (c) 

Post delineators (s) 
Obstacle removal (a) 
Pavement anti skid treatment (a) 
Obstacle shielding (a) 
Speed reducers (c) 
Shoulder widening (c) 
Appropriate superelevation (c) 
Gradual sideslopes (c) 

Post delineators to pre-show 
vertical alignment behind crest (s) 

Priority control (s) 
Signal control (s) 
Pavement antiskid treatment (a) 
Public lighting (a) 
Speed reducers (c) 

N.B. (Horizontal) marking (on the spot!) has usually more psychological impact 
than (vertical) signing before you reach the dangerous spot. 
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Presented in this order, it is suggested that, generally, the upper measures are 
cheaper, each time. But, conditions may be different in every concrete situation. 
Moreover, not all hw-cost measures will yield a high cost-effectiveness! At some 
places, low-cost measures won't work, while measures that are a bit more 
expensive will work excellently. 

There is a need for not only a list, but a catalogue of all measures that can 
possibly serve, depending on the conditions in each situation, as a low-cost safety 
measure. This catalogue need not be identical for all countries, but could be 
concentrated on specific aspects of each country. 

This catalogue should clearly present the various solutions. This may be done by 
drawings on which the essential elements of the measure are made clear by 
showing the before and the after situation. The drawings could be situation plans, 
as usual in traffic engineering, but designed in such a way that they can be 
understood by non-technical persons. This can be of benefit in trying to get 
sufficient base of support. Perspective drawings can be even better in this respect, 
but photographs of solutions applied in reality have disadvantages. 

Books with examples of successful low-cost safety measures exist. But often you 
will experience that they show something different from what you are looking for. 

For each measure, the following matters should also be systematically indicated: 
the possible fields of application 
dimensions with possible relaxations 
details of the construction 
recommended combinations with other measures 
positive and negative aspects (+ cost?) 
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Low-cost engineering measures may also be c Jassified according to their degree of 
coerCIon: 

A. measures of an informative nature: road users are alerted to the fact that a 
particular kind of behaviour is expected from them; 

B. measures of a suggestive nature: road users are subconsciously urged to 
adopt a certain kind of behaviour; 

C. measures of a persuasive nature: the road user is clearly persuaded to behave 
in a certain manner; 

D. measures of an obliging nature: road users are legally obliged to behave in a 
certain manner; 

E. measures of an obstructive nature: specific traffic behaviour is physically 
forced on the driver. 

Examples: 
A: warning signs, directional signposting 
B: most markings and delineators 
C: uneven road paving causing discomfort 
D: priority signs and other compulsory signs 
E: kerbstones preventing certain movements 

In this order, increasing level of coercion. 

A most important principle to avoid accidents and to reduce their seriousness is 
speed reduction. Application of the above classification on the implementation 
possibilities in the case of 30 km/h zoning: 

A: Signs 'Please reduce speed' or advisory speed limit signs; their effect is 
expected to be too limited if applied alone. 

B: Narrowing a lane or carriageway, either visually or physically. 
C: Humps and other 'bumpy shapes'. 
D. Compulsory speed limit signs; their effect is depending on compliance by the 

road users: no overwhelming effect to be expected without supporting measu­
res B, C or E. 

E. Forcing the driver to follow a specific course. 
Creating a blocking mechanism caused by oncoming traffic (effect depending 
on traffic volume). 

Effect may be reinforced by repetition or comb·1llation of measures. 

5 





OECD Workshop B3 on 

INFRASTRUCTURE DESIGN AND ROAD SAFETY 

Prague, Czech Republik, 15-18 November 1994 

Vulnerable road users 

Marinus (Pim) Slop 

Prague, Czech Republik, 18 November 1994 

SWay Institute for Road Safety Research, 

The Netherlands 



Vulnerable road users 

Improving their safety is part of road safety policy in many countries. 

Who are vulnerable road users? 

- those 'weaker' in accidents, influenced by differences in mass and degree 
of protection; 

- those having a lower degree of physical resistance resulting in a higher 
risk of (serious) injury or fatality, p.e. elderly road users; 

- those having poor abilities to behave correctly in traffic, because of 
lacking knowledge of traffic regulations, experience in traffic, speed of 
response, etc., p.e. children; 

- those who cannot strictly be regarded as traffic participants, but who can 
nevertheless be a road victim, e.g. playing children or shoppers. 

Other aspects: never to be blamed; not in a position to 'buy' more protec­
tion, etc. 

Practical yardsticks for vulnerability: 
- groups showing high accident risk per km travelled; 
- party which is usually the injured one in a certain type of accident, e.g 

the bicyclist in a car /bicycle accident. 

This leads to the identification of pedestrians (compared to vehicles), 
bicyclists (compared to motor vehicles) and motorized two-wheelers 
(compared to other motorized vehicles) as vulnerable road users, and within 
these groups particularly the young and elderly. 

How are these groups incorporated in traffic? What can be done to improve 
their safety? 

General principle: measures preventing the occurrance of accidents have 
preference over measures with a curative character. 

Pedestrians compared to vehicles 

Classic integration 

The basic situation: all public space for all road users. 
This is still the case on most rural roads, in small villages and in city centres 
with limited space. In principle, this is not a safe situation. 
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Segregation 

Hazards call for segregation: vehicles on the carriageway, pedestrians on 
roadside pavements, protected by raised kerbs. Both categories use still the 
same road network. 
This is the usual situation in towns nowadays. 

Much safer, but still problems where pedestrians cross. There, the segrega­
tion ends each time. 

Crossing pedestrians may occur: 
- on links 
- at junctions 

Pedestrians don't have rights when they cross links, away from junctions. 
At junctions, pedestrians have no rights in relation to vehicles approaching 
crosswise, but they have right of way over turning vehicles (= vehicles that 
have turned). Priority signs have no influence. 

The legal position of the pedestrians can be improved by: 
- installing a zebra crossing 
- signal control 

On a zebra, pedestrians have right of way over all vehicles. 
It should be noted that right of way is not identical to safety. In many cases, 
the situation may get worse. In general, a zebra could be favourable for 
pedestrian safety if it is: 
- installed on a logical place 
- clearly recognizable from a distance 
- frequented by pedestrians and 
- not located on a high volume road. 

At a signal controlled crossing, possible conflicts between pedestrians and 
crosswise approaching vehicles are usually eliminated by red and green 
phases. (Variations: pelicans, toucans etc.) 

Elimination of conflicts may also be the case in relation to turning vehicles if 
these have got a phase separate from the pedestrian phase. This requires a 
separate streaming lane for the turning vehicles. Especially in urban 
situations, this is often not effectuated, the reason being lack of space or the 
drop in junction capacity connected with this practice. Then, there is a 
common green phase for crossing pedestrians and turning vehicles, and the 
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right of way situation between them is the same as at non-signalized 
junctions. 

Not mentioned until now: the possibility of grade separated crossing. 
This is, in principle, extremely safe; but very expensive, and effect may be 
disappointing if the facility is poorly used. 

Zebras and traffic lights are facilities of a curative character; their safety 
effect is entirely depending on the compliance with the rules governing them. 
This goes for the pedestrians as well as for the drivers. 

Additional safety measures of a more constructional character may be more 
effective, p.e.: 
- pedestrian refuges 

-> a safe island between vehicles streams, and much shorter crossing 
times 

- raised zebra 
-> forced speed reduction to vehicles 

Segregation in advance 

Separate networks for pedestrians and for vehicles. 

3 basic forms: 
- small-scale solutions, where the networks are topographically separated, 

p.e. pedestrian shopping areas in city centres, footways along short 
dwelling blocks; both with backside approach for vehicles; 
medium-scale solutions, where both networks overlap, but are constructed 
on different levels; otherwise, the level crossing problem remains; 
examples in larger city centres; 
large-scale solutions with overlapping networks at the same level, where 
only the crossings are grade separated; some examples in modem city 
quarters. 

Modem integration 

'Woonerf - > back to original situation (no pavements), but with very low 
vehicle speeds only: 'walking pace'; equal rights for all road users · 
Successful introduction in the Netherlands starting in the 70s; implementation 
has decreased because of some practical problems and high cost. 

4 



Non-motorized compared to motorized vehicles 

In practice predominantly: Cyclists compared to cars. 

Although the number of cyclists may still be small in most CEE countries at 
this moment, there is reason to pay attention to these conflicts because a 
promotion of bicycle traffic is a matter of growing interest. 

Classic integration 

Again, the basic situation: all vehicles share the same road space. And again, 
the situation that is most found on our roads. Not safe. 

Segregation 

Cycle tracks, separated from carriageway. 
Usual separation: 
- in NL by separating verge > 1.5 m 
- in OK by kerb. 

Usual implementation: 
- inside built-up areas: one-way track at both sides 
- outside built-up areas: two-way track at one side. 

On medium volume roads inside built-up areas also: cycle lanes (one-way). 

Combined cyclist/pedestrian tracks along links not recommended. 

Again, the situation on the links is usually safer, after tracks have been built. 
There is an exception for the places where cyclists cross links. This is 
particularly the case on rural roads with one-sided track, where cyclists 
want to reach the other side. (fhere is almost no good solution to this 
problem: signal control is not suitable, since signals are often being 
neglected under these conditions. - > Try to combine the cyclist crossing 
with another discontinuity or create it on a conspicuous spot.) 

At the junctions (where segregation ends!), the safety situation is often worse 
after tracks have been built along the links. 

- One-way track at both sides (usual on urban roads)·. 
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The right of way regulations are more complicated for the cyclists than for 
the pedestrians: cyclists have to do with other vehicles and also with pedes­
trians; and if priority signs are present another behaviour is obliged. 

A major problem is the possible conflict between a straight on going cyclist 
and a turning motor vehicle from the same or the opposite direction. 
Motorists don't notice the cyclist on his own track. This is the main reason 
for the Danish practice of applying only a kerb between carriageway and 
cycle track. Sometimes, this kerb (or the verge) is even omitted over the last 
20 or 30 m before a junction (a 'truncated' cycle track). The cyclist is better 
being noticed and the two road users can weave. 

A similar proplem occurs between a left turning cyclist and a straight on 
going motor vehicle from the same direction. The truncated track enables the 
cyclist to weave towards the left in time. 

At signal controlled junctions, the cycle tracks are usual 0/ continued across 
the side road: 
- separate signal heads 
- preferable position of signals (protecting part 0/ against nght turning cars) 
- separate phasing possible (but: capacity drop and longer waiting times 

causing disobedience!) 
- indirect left turning for cyclists is safer 

Here, a general problem arises: design must be accepted by cyclists! 

With bicycle lanes, other ideas: 
- advanced bicycle stopping line 
- recessed stopping line for motor vehicles 

- Two-way track at one side (usual on rural roads): 

Main hazard at junctions is caused by cyclists coming from the 'wrong' 
direction who have priority. Possibility: bending out the cycle track, while 
obliging the cyclists to give way to the traffic from the side road. 

Segregation in advance 

Separate networks for cyclists and motor vehicles, with grade separated 
mutual crossings. 
May be accomplished in new quarters. 
In existing situations, this ideal can be replaced with a system using minor 
residential streets, away from traffic arteries, for the creation of a bicycle 
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network or, at least, as parallel routes. The problem of crossing the arteries 
remains by then. 

Modem integration 

This is aimed at in the concept of 30 km/h zoning. In such zones, motor 
vehicle s ~eds are low enough to allow cyclists to share the road space with 
them. At 30 km/h, there is usually enough time for reaction in case of an 
imminent collision; and if a collision occurs the consequences are mostly not 
serious. 30 km/h zones are popular nowadays. 

Motorized two-wheelers compared to other motor vehicles 

In practice predominantly: Mopeds compared to cars. 

No 'classic' situation here. Mopeds were initially seen as bicycles with 
auxiliary motor, and treated accordingly, also 1egally, p.e. obliged to follow 
the cycle track if present. 
But mopeds look and behave more and more like motorcycles. In many 
urban situations, their speed is equal to that of the cars, sometimes even 
higher. They started to become a nuisance and a hazard on the bicycle facili ­
ties. And accidents involving mopeds occurred relatively often at the 
junctions where the cycle tracks end. 
In recent years, there have been succussful experiments where mopeds were 
relegated from the cycle track to the carriageway. 
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Road silms, markings and working zones 
by Kenneth Kjemtrup, The Danish Road Directorate 

Background This memorandum reviews the fundamental principles of planning, 
establishing and maintaining road signs, so that they can be seen and 
understood at all times by road users. 

These principles are treated in such a way that they apply across the 
entire spectrum of traffic culture and national borders. No position 
has been adopted on the use and design of road markings other than 
that which is necessary for road users to be able to read and 
understand the information given. 

This paper treats vertical signs, road markings and the marking of 
road work zones. 

1. Vertical signs 

Purpose The purpose of erecting directional signs is to guide road users or to 
control traffic. One condition for attaining this goal is that road users 
can find the directional signs and that they can read the information 
on them. 

The purpose of erecting traffic signs is to prohibit, warn, command or 
guide road users. There can be a risk of fatalities if road users cannot 
see "give way" signs sufficiently early or if they cannot read or 
understand pictograms and symbo1k. 

It is vital that signs can be seen and read throughout their life cycles. 
The conditions for this are descnbed in the following. 

1.1 Read and understand information when travelling in daylight and by 
headlight illumination 

As far as the reading and understanding of information is concerned .. 
road uc;ers ' needs can be divided into four phases'. 

a. observation of information 
b. selection of information 
c. reading and processing of information 
d. braklitg distance. 



Observation of information 

The observability of a sign depends on its location, the prevailing 
lighting conditions and the size of the sign. 

Location. e:eneral 

We know that the tield of vision is narrow at high speeds and that it 
is broader at low speeds. However, this does not mean that. where 
speeds are low, we can locate information far from the roadside, 
within the tield of vision. Where speeds are low there is usually a 
traffic situation that also demands the attention of road users. 

Information shall be located uniformly in the cross section of the roa d 
so that road users do not need to search for it. 

Location of directional sie:ns 

Arrow directional sie:ns shall be located in the most remote left-hand 
corner for road users turning left. and in the nearest right-hand corner 
for road users turning right. These choices of location are due to the 
fact that vehicles that must give way must not obscure this 
information. 

When there are several items of information. the most imponant 
information must be located closest to the junction. 

It is vital to locate signs as close to junctions as possible. so that road 
users can see the information without stopping. It is often the case 
that directional signs are located altogether too late in the phase of 
designing a junction, so that the location of signs. instead of be'lOg 
optimum. becomes more an exercise that stretches to the limits of 
human ingenuity. It is imponant to perceive directional signs as 
integrated parts of road projects. If a directional c;ign cannot be seen 
we might just as well not erect it. Although accident statistics do not 
suppon it. there appears to be no doubt that signs that only become 
visible at the last minute do entail a great ris~ of accident for road 
users . As early as the pilot project. the rule.,,- governing the dec;ign of 
roads should give consideration to the information gh 'en on ~igns. and 
their optimum location for timely vi~ibility. 

Out of consideration for grass and ~now. the lower edge c;hould be at 
leac;t 0.5 m above the ground and. where there i~ a tree-sight area. the 
height of the upper edge should be not more than 0.9 m. including the 
scaffold. a~' measured from the road 'iurface. 
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If directional signs must be erected in the free-sight area to ensure that 
they can be seen, and if there are several items of information that 
cannot be placed on a single line. consideration should be given to 
replacing the arrow directional signs by a stack direction sign. If this 
proves impossible arrow directional signs can. under exceptional 
circumstances, be erected on a high post .. so that the height of the 
lower edge 's a minimum of 1.25 m and a maximum of 2.80 m. A 
check must be made to ensure that truck drivers (eye height: about 2.5 
m) can either see over or under the sign. 

Stack direction si!ms shall be located to the right of the road, normally 
about 25 to 50 m before the junction. Their height shall be the same 
as that of high arrow directional signs. 

Gantrv silms shall be erected so that there is no doubt as to where 
road users shall positio n themselves in order to continue in the desired 
direction. They should normally be located before the junction. 

Other advance direction si!!ns shall always be erected to the right.. 
between 100 and 150 m before the junction outside densely populated 
areas, and at least 50 m before the junction in densely populated 
areas. 

The distance from the lower edge to the edge of the road 'ihall be a 
minimum of 1.0 m and a maximum of 2.8 m:. in all other respects as 
for high arrow directional signs . The distance from the edge of the 
road to the closest edge of the sign is normally 1.5 m. 

Location of traftic si!!ns 

In the road cross section. the distance from the neare!)l edge of a ~ign 
to the edge of the road shall be greater than 0.5m and the distance 
from the edge of the lane to sign posts shall be le 'is than 4.5 m. 

Signs are normally erected so that the lower edge of the primary si~n 
is 2.2 m above the edge of the road sUIface. The height of the lower 
edge mu!)t not be more than 28 m and .. out of consideration for ~ms'i 
and snow. not les.,' than 05 m. 

Signs mu~t not be erected so that they are ob~tured by parked 
vehicle!)' or :-.uchlik."e . so that road safety i,' impaired. 

~either must the view of other road u~en; be ob~cured by 'iigns . 'iuch 
a~' signs locclted in the central ~trip at junction'i . ~b that left -turning 
road users' View of on-coming traftic is obscured . 
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The following signs can be erected at heights of below 1.5 m: 
(The sign numbers refer to the ECE European Road Traffic Rules.) 

On motorways: 
- none 

On heavily-trafficked roads: 
D.2, E,<f1 and E,9b 

On other roads: 
A.29 and A,6 

All prohibition signs except: 
C.?, C,8, C.6 .. C..13 .. C,14 and C..1? 

All mandatory signs except: 
D.I, D,? and D,8 

All advisory signs except: 
E,113 .. E,15. E,16 .. E,I? and E.18 

In the case of signs used at road works .. the height of the lower edge 
must not be less than I m. 

Traffic signs are normally located on the right-hand side of the road .. 
and are occasionally supplemented with signs on the left-hand side or 
over the road. 

However. the following signs are normally located on the left-hand 
side or at the tips of middle islands in the road: 

C,? C..1Ia, Cl2 
D,lu .. D.2 
E . .13 

Signs are normally erected along the road in their order of prelcdence. 
as follows. 

.;. Warnin!! "i!!n~' - normally 150 to 250 m before the ~"ite of the 
hazard. depending on driving ~:peed 

Give-wa\ ' 'I!!ns - a ma.\.lmum of 20 m from the point at whilh 
they .lppl\: unle~s they are u~t!d .l~- a \\ arning. 

ProhibItIon ,i!!ns - trom the point at \\hich they apply. unle'i'i 
otherwise stated on a ~;qJplement.try ~-ign. 
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Mandatory silms - from the point at which they apply. 

Advisory Siens - from the point at which their content applies. 

At junctions, traffic signs shall be located so that turn ing road users 
can see them sufficiently early to abort a turn without inconveniencing 
other road users. This often means that a sign must be supplemented, 
rotated (by up to 15°) or angled. 

Liehtine conditions 

Davlight: there is normally no difficulty in viewing correctly-located 
directional signs or traffic signs. A arrow directional sign with a 
height of 33 cm can be seen at a distance of 220 m and at a c;;peed of 
80 km/h, this corresponds to a period of visibility of about 10 seconds 
for the road user. 

HeadUght illumination: when the headlights are dipped the 
observation distance also depends on signs' reflection of the 
headlights and their location in the road cross section. The location of 
reflecting signs is of great importance to their visibility. 

We distinguish between three types of reflecting sign material: 

type 2: diffusely retlecting 
type 3: retro-reflecting 
type 4: strongly retro-reflecting. 

Tvpe 2 retlects only an insigniticant part of headlight illumination and 
therefore appears to be black. 

Tvpes 3 and 4 retlect headlight illumination more concentratedly. so 
that signs are bright and colours can be recognised. 

Type 4 retlects at a considerable distance. more strongly than type 3 .. 
and can therefore be seen at a greater distance . 

When performing extensive illumination calculationc;;, which are 
checked by observations in the tie Id. studies in Denmark have been 
conducted to determine which type of retro-retlection is necec;;sary for 
observation of the various directional signs and tfamC ..;'ignc;;. when 
they are located at the most unfavourable location in the cross c;;ection . 

A 33 cm hieh arrow directional si!!n erected 100v on the left can be - -
obscured at a di~lance of about 100 m tor a type 3 sign. and about 
130 m for type 4. This corresponds to J period of visibility of 5 and 
6 seconds. respectively. at a ~'peed ot: 80 km/h. 
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Observation Entrance White Yel- Orange Red Green Blue 
angle, a angle, B low 

0.33° 5° 180 122 65 25 21 14 

2° 30° 2.5 1.5 0.8 0.4 0.3 0.1 

Table 1. Minimum values for retro-retlectance, expressed as (cd/lx)/m1 for type 4 sign 
material. 

Observation Entrance White Yel- Orange Red Green Blue 
angle. a angle, B low 

0.33° 5° 50 35 20 10 7 2 

2° 30° 2.5 1.5 0.8 0.4 0.3 0.1 

Table 2. Minimum values for retro-retlectance, expressed as (cdllx)/m2 for type 3 sign 
material. 

All traffic signs of reduced size (about 40 cm) can be seen at a distance of 
about 150 m, when using the weakest type 3 retro-retlectionsheet. 

Obviously, it is vital that the signs be as nearly perpendicular to the direction 
of travel as possible. 

However. considerations of specularity dictate that they should be rotated 3 -5 ° 
away from the normal to the direction of driving. 

Selegtion 0 f infqmlaRon 

To reduce the reading time. it is important to organise the information in 
logical groups which, with a simple code. indicate the type of intormation on 
each sign. The simplest types of code available are colour coding or form 
coding. 

In the case of directional si~m;. colour Coding according to the following 
~cheme is often used: 

'" directional signs on motorway!) (green or blue ground) 
>< directional ~i~ns in the ordinarv road network - . - to towns or terminals (national colour) 

- to service destinations (national colour) 
- tourist information (brown ground) 

'" directional ~igns for path users (national colour) 
'" temporary directional signs (yellow or orange) . 

6 



When we speak of observation of a traffic sien. it is the tigure - a triangle .. a 
circle with red edge, a blue circle or a square - that is observed. Because of 
the predominantly white background of most signs, there is little to be gained 
from the standpoint of the form-observability distance by using type 4 
retroret1ectionsheet. The sign will merely show up as a bright spot. 

Signs with differing forms should not be erected back-to-back. When .. under 
exceptional circumstance .. this must be done, the significance of the front of 
the sign shall be absolutely apparent. 

By organising the information in accordance with a simple code. a road user 
can distinguish the desired information before it is possible .. or necessary .. to be 
able to read the information. Therefore, it is important that the highway 
authorities maintain strict discipline from the standpoints of coding and 
information type. If this is not done .. road users will either be confused or will 
spend precious time on reading information for which they have no use. 

Reading and processing of information 

First and foremost .. there must not be more informat.nn than a road user can 
read at the prevailing speed. The reading of information distracts the driver's 
attention from driving and from other road users, for which reason the time 
required must not be longer than is absolutely necessary. Traffic psychologists 
all over the world agree that road users should not be presented with more 
than 4 items of information (words of average length) during the 2-3 seconds 
for which it is permissible to distract their attention. At a driving speed of 80 
kmlh .. this corresponds to a driving distance of between 50 and 70 m. 

In the second place, the information must be legible .. ie it must be possible to 
read the text over the entire reading distance. Once again. the luminance of 
the sign .. speed of the vehicle and location of the c;ign in the cro $ section are 
all of signiticance. 

In the case of directional signs .. the style and size of the text are signiticant. 
In the case of traffic signs. the size of the symbol and the luminance of t m 
sign's surroundings are signiticant. 

In urban areas. there is a pronounced degree ofluminance competition 
between traffic signs. on the one hand. and. in particular . advertise men ~. on 
the other. Tratlic sign~' cannot win thi~· competition by ,,"witching tram type 3 
retroretlection to type 4. This problem can only be ,oh ed through .1 

prohibition against illuminated advertisements that can m.lke diffcult the 
perception of the relatively small trdftic signs. Trattic ~igns could pOSSIbly be 
illuminated and enlarged. but this would be detrimental to the urban 
environment. 
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Against the background of T. W. Forbes' legibility formula - the only dynamic 
legibility formula in existence - the relationships can be calculated between 
text size/symbol size, location of information in the cross section, reflector 
type (3, 4 or illuminated) and driving speed. 

Djrectional signs 

The situation under headlight illumination determines the choice of text size. 
The heights and sizes are as follows: 

'" On roads with speed limits of below 80 kmlh and at T-junctions: 

H < 2.2 m to lower edge of text: 

H ~ 2.2 m to lower edge of text: 

143 mm height of capitals. with type 
3 reflector 

l70 mm height of capitals. with type 
3 reflector 

* On roads with speed limits greater than or equal to 80 kmlh. but less than 
or equal to 100 kmlh: 

H < 2.2 m to lower edge of text: 

H ~ 2.2 m to lower edge of text: 

* On gantry signs outside motorways: 

170 mm height of capitals, with type 
3 reflector 

202 mm height of capitals .. with type 
3 reflector .. 
or 
170 mm height of capitals. with type 
4 reflector. 

240 mm height of capitals with type 4 reflector, regardle'is of illumination. 

* On motorways: 

285 mm minimum height of l1lpitals with type 4 retlector . 

x On directional signs on path~: 

60 mm maximum height of capitals with type 1 retlector. 

The b~'is for usin!! T. W. Forbe~ • le!!ibllitv formula is the "Helvetic.t" - - . typeface. In the case of traftic s'Igns carrying symbols. it is therefore 
nece'isary in calculations to equate symbol si~es with text sizes . 



Because of the risk of confusion in stores, it is necessary to specify a 
minimum type of retlector for each type of traffic sign. 

A table has been produced in Denmark. showing as a function of driving 
speed the symbol size (and therefore the sign size) that should be used. for a 
given type of ret1ector and its location in the cross section of the road. 

In the case of VMS signs, it can often be difticult for the tields of light points 
to display pictograms and characters that are suftlciently similar to the 
pictograms and characters of conventional signs. Research into thi~' problem -
which is especially conspicuous in matrix signs - is being conducted all over 
the world. and great care should be taken in the use of this technology until 
there is a satisfactory solution. 

Braking distance 

Directional shms 

There shall be sufticient space for braking from the point at which drivers' 
processing of information ceases. It is normal to expect braking down to 20 
krnfh before turning at junctions. 

At junctions on ordinary roads where the prevailing speed is 80 krnfh or 
above. where there are only arrow directional signs and no advance direction 
signs or stack direction signs. it can be difticult to attain a sufficiently long 
reading distance + braking distance for traffic turning left. This problem can 
be solved by: 

1. reducing the amount of information. which reduces the reading 
distance needed~ 

2. increasing the height of characters to 202 mm: 

3. establishing local ~peed limits at junctions. eg 70 kmlh: 

4. warning drivers with an advance direction sign: 

5. using stack direction s'lgns . 

Traftc si!!ns 

Obviou~lv. there must be sufft:ient room tor brakin!Z betore arrivin!! at . --
~ign~' that prohibit road users from continuing or that comm.md them to 
give way or change direction . 

9 



1.2 Operation and maintenance of signs 

Signs shall be legible throughout their life cycles. 

Any grass shall be clipped, snow shall be removed to prevent it from 
drifting over the sign. and signs shall be replaced or renovated when they 
become illegible. 

When is a sign illegible? 

- when its retro-reflectance has dropped to less than 70% of its required 
value when new (see Tables 1 and 2) 

- when the relation between the greatest and least retro-ret1ectance within 
the same area has dropped to less than 0.5 

- when its colours are no longer within the colour limits specitied in the 
colour triangle 

- when there is signiticant damage to the sheet 

- when the colours have become faded. 

1.3 Design of vertical signs 

Vertical signs shall be dimensioned for relevant dynamic load~' (wind anli 
snow) and for static loads (weight of sign. etc.). This dimens'ioning can be 
performed by calculation. 

Road signs. eg with tube dimensions of greater than 80 mm. should either 
be protected by guard rails or be equipped with break-away safety device~'. 
where driving c;;peeds exceed 50 km/h. Accident ~tati~tics from all over the 
world ~how that drivers run a grave risk of being killed if they collide with 
robust sign posts. 

2. Road markings 

Purg:),,,e The purpO'ie of marking road'i i,' to guide .• ld\ he .md regul.l ~ tratfi<..: with 
.1 vie\v to increasing road safety and the effective now of trattic. Road 
mark.-ings 'ihall therefore be visible under .lll conditions ot ' illumination and. 
to the e\.'tent possible. under all weather condition~' . Obviou'ily. mark:ing-s 
cannot be seen it' the road surface is covered with snow or din to any 
signitic.lnt ex'tent . and they can be ditlicult to recognise in wet weathe r. 
However. some types of mark,ing are more visible than others I'n wet 
weather. Their vililbility also depend'i on their length .lnd width. Finally . 
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the visibility of markings also varies according to the season in regions 
where dew occurs. 

Types of road marking 

There are the following three types: 

* tlat markings 
* proflled markings 
* studs 

Flat markings: all markings on roads where no special structuring of the 
surface has been carried out. Flat markings can comprise painted 
markings. thermoplastic. cold plastic or tapes. 

Profiled markings: all markings on roads where there is special structuring 
of the surface to ensure that rain water drains away. Promed markings can 
comprise thermoplastic, cold plastic or tapes. 

Studs: special devices attached to the road surface. They are titted with 
especially powerful retlectors. 

Visibilitv under varying conditions of illumination and weather 

Davlight. drY road surface 

\1arkings are sufficiently visible in dry weather and under daylight If their 
retlectance is higher than that of the road surface. Ret1ectance in daylight 
is specitled at the average luminance coefficient, Q.. The road's Q is 
normally not greater than 0.09 cdlm2/1ux 

There is normally no difficulty in attaining a greater average lumin.ln te 
coefficient for road markings. 

Their ret1ecting capability when backlit (ie when trattle is' driving towards 
the sun) is called the "~pecular factor". S:. Their ""pelular taetor Sh,lll be 
greater that 0.3. and. as no protiled marking can .main thiS' figure. ~uch 

markings appear dark when backlit. 

Street Iightillg. drv road surface 

The same conditions apply here as apply in daylight . except that 
backlighting causes no problem . 
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Headlight illumination. drv road surface 

The visibility of road markings when illuminated by headlights can be 
signiticantly improved by mixing reflecting beads in the paint or mass used 
for road markings. If positioning of the beads is optimum. with the largest 
possible free glass surface towards the motorist and the greatest possible 
mass background away from the motorist, headlight retlection will also be 
optimum. This reflection is known as the "specitic luminance", S .. and is 
measured in mcdlm2/lux. 

Road users can see markings at a sufficient distance if SL > 80 mcdlm2lIux. 

Tests with road markings have shown that. on the average, the reflecting 
capability of protiled markings is better than that of tlat markings when 
both types are new and after 4 years. This is due to the retlection 
contribution of the beads on the vertical surface. Thus, they function as 
the reflecting beads on sign sheets. 

Tests have also shown that the retlecting capability drops sharply during 
the first year - to about half . after which the value becomes stable for as 
long as there is any remaining marking mass. 

This sharp drop is probably due to the fact that the drop on beads 
disappear during the tirst year, after which the less densely-distributed 
beads mixed in the mass come to the front. 

The luminance of new tlat white markings should be greater than 160 
mcdlm~/lux and. for white profiled markings. greater that 200 mcdlm2/lux. 

DavlighT and street lighting. wet road surface 

The retlection of a marking becomes more diffuse when the road !)'urface is 
wet. but not as much as that of the road surface itself. Thi~' means that the 
contrast increases and markings become more vh'ible in most ca..,es. 
However. this does not apply in condition!)' of backlighting. In ~uch 
conditions there is a risk that markings will retlect more th.l.t the road 
surface when wet. in which case they can become almost invisible. 
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Headlight illuminatioll. wet road surface 

A tlat markinl! cannot normally be seen by headlight illumination on a wet 
road surface because a mm of water covers the marking. The light from 
the headlights is not renected back to the driver. 

A protiled markinl! can usually be seen because of the "vertical" beads and 
because the water from the road does not now across the mass of the 
marking, but in between. If a protiled marking is to be seen as clearly in 
wet weather as in dry, the SL must be at least 50 mcd/m~/lux. 

Studs are usually visible in wet weather. provided that they are not 
completely covered by water. The requirement on renection is known as 
the coefticient of luminous intensity, R. which is measured in the same 
way as for traffic signs. R shall be greater than 5 mcd/lux. 

Willter visibilirv bv headlight illumination. drv road sUliace 

lv1easurements on the Northern European test stretches show a sharp drop 
in the SL value in the winter period, from October to February. after which 
the SL value rises again during March-April. but not to the same level as 
the value when new - for the reasons explained above. 

This drop is not due to the temperature or to dirt. but probably to dew. 
Dew drops are smaller than the retlecting beads and therefore give a 
diffuse retlection. 

Visibility distance 

"The necessary visibility distance is internationally defined as the time that 
enables the road user to drive a vehicle in an efficient and fore~ighted 
manner." 

For !!ive-wav road markines. the rule is that the liign ~hall be visible from 
the ..;topping distance at the prevailing c;pecd. Thc ~topping dbtanCe at ~O 
kmJh is 120 m and. at 50 km/h, it i~ 55 m. At XO knvh . tnmsycro;,'e road 
markings cannot be seen at the required dbt.lncc. tor which rea~'on they arc 
always supplemented with vertical ..;igns . On the other hand. it ic; poso;ible 
to :::ee !!ive-wav lines at a distance of 55 m. 

For longitudinal road marb:ings. road user~ should ha\ 'e a vic;ibility dist.lnce 
that Correspond~ to about 3 seconds. Thi ... corre..:ponds to about 65 m. at a 
"'-peed of 80 kl1lJh. and about 45 m. at 50 ~m'h. 

The visibility di!\tance of an individual road marking depends on it\; 
location . width and prevailing light conditions. 
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In davli!rht and under street li!!hting, there is normally no difficulty in 
attaining a sufficient visibility distance, geometric parameters permitting. 

In headli!!ht illumination, conditions are otherwise. 

A ed!!e line that shall be visible at a distance of 65 m. and that has a 
specitic luminance of 100 mcdlm21lux shall, according to Fig. 1. be 30 cm 
wide if road users are to see it in time. 
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Fig. 2. Connection between visibi~ity distance of a road 
scrioe and ~cs retroreflec~ion. 
a: ~!lnirnurn specific lurn~nance '.:0 oocain vlsibill­

tv discance of 50 m w~en '.:~e s~rloe i s olaced 
in the ~lddle of the road. . -

b: Interval of spec~fic lUl'llnance in GI'iC January 
1983. 

If it is necessary to follow a centre line on a road where the prevailing 
~peed is' 80 km/h. the SL of a single line should be about 400 mcd/m~ !lux. 
or about 250 mcdlm~l1ux. for a double line. 

No known types of line can satisfy these requirements for very long .. but 
neither is that necessary. German and American behaviour .... tudies have 
shown that road users use the edge line when tlriving after dark - for very 
sound reasons. cf Figs. 1 and 2. 

Colours of road markings 

The tollowing colours are u~ed : 

- white . tor permanent m()l1king~' 

- yellow. for tcmpOrJIY mark:ings or for marking kerbstones that extend a 
prohibition. 

As- yellow markings arc more importan t than white. and take precedence 
over white lines. it is vital that the yellow colour should appear as yellow . 
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The colour coordinates of road markings are specitied in the forthcoming 
European Standard, "Performance requirements for road marklng 
materials" . 

Optimum use of the various types of marking 

Road marking with and without reflectors 

Renecting beads should be used with yellow road markings for temporary 
traffic regulation and for all markings on unlit roads. 

" White markings with renecting beads should be used on unlit roads and 
roads where the lighting is reduced. 

All other markings can be used with or without reflecting beads. 

Flat and profiled markings 

Promed markings, which are accompanied by audible noise. can be used 
for edge lines and painted islands~ for yellow markings for temporary 
regulation and for yellow markings concerning stopping and parking. 

In the case of these types of marking." the audible noise generated by a 
vehicle's wheels is advantageous to the driver of the vehicle. Drivers that 
have fallen asleep are awakened when they drive over such markings. 

All other road markings, including edge lines along stretches where 
dwellings are located nearby, should be implemented as nat markings or 
profiled markings that are not accompanied by irritating audible noise. 

Flat road marlangs shall otter suft1l.'t"ent friction out of consideration for 
two-wheeled vehicles. The coet1h-ien t of frictt"on should be greater than 55 
SRT units as measured with an SRT tester. 

Road markings of" short-term and long-term durahilitv 

Road markings of short-term durabirt\' l.lm be u";ed l"n phK'eS where they 
are not eX'posed to significant wear from \'ehiculM tr.tinc and tor yellow 
markings for temporary regUlation. eg at road \\brk: zones· 

Studs. are often used in road work zones. but they can also be used to 
... upplement permanent road markings. In ... ·uch l.ao,es. i t is vital that the 
d.t"stance between the ~tuds be chosen ~b that the line type (continuous or 
broken) is ab"olutcly apparent . 
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Renewal of road markings 

Road markings should be repaired or renewed when they no longer 
function satisfactorily. 

- Road markings shall be hnctionally whole. 
- The SL value must not be less than 4O'k of the value when new and 

should be at least 80 mcdlm1llux. 

3. Road work zones 

Road work zones disturb the free passage of traftic and will therefore 
always be considered an inconvenience by road user'ii. 

A road work zone often comprises an obstruction of the road (a road 
worker, a road block, a hole or suchlike), with which there can easily be a 
collision if it is overlooked by road users. 

And, last but not least, the formation of queues in connection with road 
work zones also comprises an accident risk. 

It is therefore vital that road work zones be planned thoroughly and with 
the greatest possible consideration for the safety of road users. for 
passability and, obviously, with consideration for the people working on 
the road. 

A plan that describes the potential for disturbance of traffic through a 
reduction in speed. and the probability of queue tormation. should be 
drafted for every road work zone. A marking plan should also be dratted, 
'iihowing clearly how disturbance potential can be minimised during the 
various phases of the work in progress. the marking material~ to be used 
and the order in which they should be u'iied. with a view to making the 
working area 'iihow up clearly and to inform road u:;ers of what lies ahead 
and how they should behave. 

The deci'iiive tilctor is reduction of speed to the level thJt is deemed 
."uitable for the road users. them'iiclves. and for the people working on the 
road. In places where road use~ do not re~pect .,;peed limit"'· . 
.,;peed-reducing bump'" ~,U1 be laid out to give the de .... ·ired .. peed redulttion. 
For example. if road u~en; arc to ~lOp ,u a rcd light. l'arc .. hall be taken to 
en~ure that they are informed of thi~ in time and that thc~ ' under .... tand that 
they must .... lOp. 

If road u~'cro,; mu .... l l'han~c direllion. thcv .,;hall b~ ~i\'en timelv w,lminl! imd - .. - . ..... 

understand wh,lt b' expected of them. 
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Therefore, markings shall be observable, easily understood and 
unambiguous. 

Although there are many ditferent ways of marking road work zones in 
Europe. they have one thing in common - that the order in which traffic 
signs are set up follows the pattern "what to do" .. "why" and with speed 
reduction before information on changes of direction. 

Apart from traftic and information signs .. t1ashing yellow lights are often 
used. either as an attention t1ash or in a line, to form a guiding line. 

It is well to remember here that attention nash lights can be glaring in the 
dark .. for which reason it is appropriate to use equipment that reduces the 
illumination at night. A luminous intensity of over 500 cd entails a rbk of 
disability glare in dark surroundings. 

Traftlc signs and other road equipment shall be located with consideration 
for cyclists - ie not on cycle paths - and shall be stable tnder all normal 
dynamic loads. 

If temporary markings are laid out on the road. care must be taken to 
ensure that they are visible in all weather and lighting conditions and that 
they are signiticantly more visible than any permanent markings. In the 
case of road works of long duration, the permanent road markings should 
be removed. 

In the case of diversions. the permanent direction.ll ~igns that no longer 
apply shall be crossed out and replaced on the ~ame !)Ign with the 
temporary directional signs. 

Finally .. road equipment uc;ed at road work zones ml1~t not comprise a 
hazard to road users or others travelling on the roaJ in the event of a 
collision. 

Road markings at road work zones !lhall be removed when the work hac; 
been completed or when they no longer -;erve any purpose. 
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