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SWEDISH ROAD AND TRAFFIC RESEARCH - MAIN PROBLEMS AND FUTURE DIRECTIONS

B. STRÖM, K.C.P.S., M.C.Eng., Head, National Road and Traffic Research Institute, Sweden

gsm/1CT

This paper presents a general view of'present road and trafyic research activities in Sweden
and discusses the future directions as they can be anticipated today. A brief summary is
given of the management structure for the research work with emphasis on the central research
authority, the National Road and Traffic Research Institute (VTI). Some research results
obtained in the fields of construction, maintenance, energy, environment and safety are given.
One of the main problems is that the economical resources available for road construction
have not increased at the same rate as the traffic thus forcing road authorities to spend
proportionally more on the maintenance, strengthening and operation of the existing road
network. Research must therefore consider not only the costs to the road authorities but
also to the road users and the society. The energy situation calls for studies involving the
energy consumed in transport-related areas such as the road surface, traffic control, vehicle
design, and the travelling habits and the driving behaviour of the road users. The basic
philosophy when discussing the need for future research is that road traffic is a man-machine-
environment system with man as the limiting link. One of the main safety problems seems to
be how the machine-environment should be modified to compensate for this limitation. Increasing
attention is paid to the fact that measures used to improve or amend, for example, road safety
programs often involve changes to other related areas. The need for serious analysis of the
consequences of decisions made is obvious.

SOME GENERAL FACTS ABOUT SWEDEN &?

GEOGRAPHY AND POPULATION

1. Sweden is located between latitudes
5° 20' and 69°4' north. With an area of
450 000 km2 it is the fourth largest country
in Europe. Because of its elongated form,
1 575 km, there are very great climatic l
differences between different parts of the
country.

2. The population is about 8.3 million
and the number of inhabitants/km2 is about , .
20. However, the density varies very much .3 V
between north and south - 90 per cent of the .
population lives in the southern half of
the country and 30 per cent in the three
largest cities. Fig. 1 shows the size of XI}?

Sweden in proportion to Australia.

Fig. 1 - Sweden in proportion to Australia

THE ROAD NETWORK AND ROAD TRAFFIC

30 000 km and private roads for about 275 000
3. Sweden's total road network amounts km. The state subsidises about 5500 km
to more than 400 000 km, of which national (18 per cent) of the municipal network and
highway accounts for 100 000 km, municipality about 65 000 km (24 per cent) of private
roads and streets for slightly more than roads.
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4. More than 50 per cent of the
national highways are surfaced. The
corresponding figure for the state-subsidised
municipal roads is 95 per cent and for
subsidised private roads 11 per cent. On
about 95 per cent of the state road network
the legal axle load is 10 t and the bogie
load 26 t. A total length of 24 m is

allowed.

5. There are 2.7 inhabitants per
passenger car. This is one of the highest
densities in Europe and means that about
80 per cent of all households have a car at
their disposal. Ninety-one per cent of all
passenger traffic, expressed in person-km,
utilises roads - about 82 per cent by private
car and about 9 per cent by bus.

6. Goods transport by road and railway
amounts to 40 000 - 50 000 Mt-km per year,
of which 50 per cent is carried by road.
Almost all goods transports with a trip
length below 100 km are performed by trucks.

7. Traffic forecasts show that both
passenger traffic and goods traffic on roads
will continue to increase in absolute
quantities. The increase will, however,
during 1978-90 amount to only 1.5 per cent
every year, compared with 5 per cent per
year during 1960-70 and 3.5 per cent per
year during 1970-78.

ROAD AND TRAFFIC POLICY

8. In 1979 the Swedish Parliament
adopted a new road and traffic policy based
on the following aims.

(a) Travelling speed between different
regions in the country must be
equalised.

(b) Travelling times for people who have
low accessibility to work and services
must be reduced.

(c) The accident rate must be reduced.

(d) Environmental disturbances caused by
road traffic, chiefly exhaust emission
and noise, must be reduced.

(e) Haulage costs must be reduced particu-
larly in areas where they have a
restrictive effect on economic
development.

(f) The standard of public transport must
be improved, bearing in mind especially
the situation of the disabled.

(g) Road maintenance must be carried out on
such a scale that safety and traffica
bility can be maintained, and the
proportion of the surfaced roads must
be increased.

LESS CONSTRUCTION - MORE MAINTENANCE

9 Two main problems dominate discussions
on the future of roads and traffic: the
economy and energy.

55!

10. Regarding the economy, Sweden is
highly dependent on the rest of the world.
During the last five years imports and
exports have accounted - on the average -
for 30 per cent of the gross national
product (GNP). Until the beginning of the
19705 export and import prices ran parallel.
However, price increases in raw materials
in 1973-74 raised import prices much more
quickly than export prices. Like many
other countries, Sweden suffers from the
increasing prices on the international oil
market, Since 1974 large and growing
deficits have been registered in foreign
trade. This means that during recent years
the budget proposals of the governmental
boards have been cut down drastically.
When deciding the distribution of available
public expenses the main interest has been
focused on social welfare and education.
Road problems are not of the same political
importance today. Accordingly, highway
funds on the whole have remained on the same
level for many years. Because of inflation
their real value has decreased.

11. The economic situation has forced
state and municipal road authorities to
allocate a greater proportion of highway
funds to maintenance and rehabilitation of
the existing road network. Accordingly,
the percentage distribution of the funds
available to the National Road Administration
has changed as follows during the last ten
years.

 

1970 1980
(%) (%)

Construction 56 42

Maintenance and operation 44 58

 

Maintenance measures are classified as
service work, road maintenance and improve-
ment work (see Fig 2).

THE NATIONAL ROAD AND
TRAFFIC RESEARCH INSTITUTE

12. The National Road and Traffic
Research Institute (VTI) is the central
Swedish research organisation in the field
of road and traffic. The Institute is
organised directly under the Ministry of
Transport and Communications.

13. The Institute was established in
1971 along the lines of the former Road
Research Institute. The idea was to broaden
competence from only purely technical road
and vehicle research to include more traffic
studies and also to move into behavioural
research. In order to cover this research
area the organisation includes three
research divisions (see Fig 3).

ARRB PROCEEDINGS



STROM SWEDISH ROAD AND TRAFFIC RESEARCH

 

Types of

Service

work

Road

mainten-

ance

lmprove-
ment
work 

maintenance

Basic

scope

Example
of measures
 

Measures to

ensure traffic

ability, safety
and, to a certain

extent, comfort

Road grading, dust
binding, repairoffrost
damage, traffic line
painting, traffic sign
work, operation of
ferries and moving
bridges, snow clear-
ance, sanding, refuse
coHechon.
 

Measures to
protect the road
against wear

Application of gravel
and clay to gravel
roads, replacement of
wearlayer on paved
roads and oilgravel
roads, road siderail
works, clearing, bush
clearance, mowing,
work with culverts
and ditches, work
on bridges and ferry
landing stages.
  Measures for

adaphngthe
road to the

traffic by
limited improve-
ment  Application of per

manent surfacing
and oil gravel
reinforcement
and improve-
ments.  
 

(a) The Road Division studies the
technical aspects of road construction
and maintenance. The aspects studied
here include earthworks, road founda-
tions, geology, pavement design and
construction and road materials.

(b) The Traffic Division studies the system
aspects of traffic. Examples of sectors
studied are transport planning, traffic
analysis, traffic accident analysis,
traffic economics and traffic
simulation.

(c) The Road User and Vehicle Division
studies the man-vehicle environment
system. The aspects studied include
road user behaviour, vehicle engineering,
ergonomics and biomechanics.

The total number of employees during
the fiscal year 1980 is 185.

14. Activities are financed partly
through commissions from various organisations
on a customer-contractor basis and partly
through a grant-in aid directly from the
Ministry of Transport and Communications.

VOLUME10,PART1,1980

Fig. 2 Types of road maintenance measures

The total expenditure for the fiscal year
1981 will be about 45 million SwCr
(A$9.3m).

15. Activities are almost completely
directed towards applied research and the
results are implemented by the following
bodies.

(a)

(b)

The Government and Ministries who
require the collection of basic material
for the formulation of traffic policy.

The administrative authority boards (e.g.
the National Road Administration, the
National Road Safety Office).

Contractors, transportation organisa-
tions, manufacturers, designers,
professional groups, trade unions and
similar bodies who are concerned with
human and technical matters in the field
of practical road transportation and
construction.

The Institute is the Swedish centre

within the International Road Research
Documentation Scheme (IRRD).
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(Director and head
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Road user and

Vehicle Division    
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Head  Head

mmm Proiect group

Fig. 3 Organisation of the National Swedish Road and Traffic Research Institute

(d)

The trends which are of interest in

future research work can be summarised as

follows.

(a)

6C)

Road and traffic planning is gradually
being connected with regional community
planning. This stresses the need for
studies concerning transport systems
with measure-effects analysis, models
for the description of transport
standards and methods for forecasting
traffic.

The special urban transport problems
connected with large and medium-sized
built-up areas have become more important
during recent years. This concerns, for
example, goods distribution, terminals,
public transport systems and the

environment.

(f)

As the economic resources available for
highway funds do not increase at the
same rate as the traffic, the road
authorities are forced to develop
operation and maintenance methods in
order to use the existing systems in a
more efficient way. This means also
an increased need for knowledge regarding
the effect of different maintenance

strategies.

 

Traffic Division

      
Head

 

Secretariat  

     
  

  
  

 

Administrative

DIV/Sion

 

   

 

  
Head

PersonnelSection

  

  

 

  

 

Financ1a/ Section

  
Information and

Documentation Section

  

  

  

Technical Services

ADP Section  

The energy situation calls for various
studies concerning the relationship
between energy consumption and the road
construction process, vehicle charac-
teristics, travelling habits and the
driving behaviour of the road user.

Increased work concerning traffic safety
calls for increased knowledge of the
correlation between accidents and
various factors that explain accidents
such as the design of both road and
vehicle with their different components,
e.g. the flow and regulation of traffic,
and the condition of roads.

Road quality is of great importance to
traffic safety and to road user costs.
Research and development work must
primarily deal with how safety, and
also comfort and vehicle costs, depend
on road surface characteristics, e.g.
friction, evenness and lighting
conditions.

In an effort to improve traffic safety,
the limitations of the human being are
being given a more central part. The
capacity of road users to collect and
process information under different
conditions in traffic as well as to make
decisions on control and steering
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manoeuvres is of great importance with
respect to traffic safety. This means
that increased knowledge is required
concerning the characteristics of man
as a road user. Special consideration
must be devoted to those problems which
concern interaction between driver,
vehicle and road.

(h) More attention is being paid to the
problems of un protected road users
(pedestrians, cyclists, moped drivers,
etc.). These road users consist largely
of children, older persons and disabled
persons which accentuates the need for
increased measures to improve the
situation for these groups.

(i) Increased complexity and an increased
rate of change in regulations, signs,
signals and techniques also increase
the demands for the education of, and
information to, road users.

(j) Increased observance of environmental
problems has heightened interest partly
in the effects road and traffic cause
upon the surrounding environment (e.g.
noise) and partly in economising on
raw materials, i.e. the decreased
possibility to use certain natural
materials for the construction of roads.

17. In conclusion, Sweden's development
has been the same as in many other countries.
Research and development activities were
originally closely concerned with basic road
construction problems but now include the
planning process and traffic engineering.
In order to co-ordinate research in the whole
field of road and traffic activities the
problems of human behaviour and the road
user's situation ought to be considered in
close co operation with the technical

problems.

18. The development is also illustrated
by the following Table showing how funds
available to VTI are distributed to the four
main programs in 1975 and 1980 respectively.
The last two programs should in this respect
be considered as one unit, relating to the
man machine system.

 

 

 

1975 1980

(%) (%)

Traffic system 26 24

Road construction and 49 40

maintenance

Vehicle 16) 23)
)25 )36

Road user 9) 13)

PROJECT EXAMPLES

19. Some of the research projects in
progress or completed within the framework
of these trends are as follows.

VOLUME10,PART1,1980

A comprehensive traffic simulation model.

Speed economy.

Stabilising methods for strengthening
existing roads.

Use of waste products in road building.

Choice of materials to achieve good road
surface friction, drainage, brightness
and durability.

Counter-measures against frost heave.

Accident risks for various road user
categories.

Accident risks for various road and

traffic conditions.

Accident risks for various road types and
geometries.

Road and tyre wear as a function of
various characteristics of the two
components.

Anti-lock brakes for heavy vehicles.

Dynamics of heavy vehicle combinations.

Effect of vehicle wear on safety.

Noise as a function of various tyre and
road characteristics

Effectiveness of various types of spray
protectors.

Friction and road wear from various new
tyre studs.

Standard requirements on energy-absorbing
lighting columns

Optimum night traffic visual guidance
along the road.

Design of good bicycles for children.

Child restraint systems in cars.

Traffic education in schools and pre-
schools.

Effectiveness of driver training in
critical situations (e.g. skidding).

Design of good warning systems for
road construction work.

Requirements on pedestrian retro
flextorisation.

Training and education of handicapped
road users.

Training of professional drivers.

Driver behaviour and traffic rules.

Work environment for professional drivers
(bus, truck, taxi).
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- Road user and vehicle reactions to uneven

roads.

The following are a number of details
regarding various problems and projects.

TRAFFIC SYSTEM 

A COMPREHENSIVE TRAFFIC SIMULATION MODEL

20. There is a growing understanding
among decision makers and planners that in
the complex community of today, different
measures not only have an influence on
factors for which they are primarily
intended but also on secondary problems.

21. This means that there is a need for
a broader and deeper decision process than
before and also a need for tools making it
possible to compare alternative courses of
action in an objective manner.

22. In order to be able to study the
traffic process in the rural road network
and to make the traffic process work as well
as possible an integrated road traffic
simulation model has been developed at the
Institute (see Fig 4).

23. The aim is to quantify relevant
factors - measures of effectiveness for
the description of the functioning of traffic
and to investigate how these factors depend
on:

(a) changes in road design;

(b) changes in driver-behaviour;

(c) changes in vehicle characteristics; and

(d) changes in current traffic regulations
such as speed limits and overtaking
restrictions.

MEASURES BY AUTHORITIES

OPERATIONAL

STRATEGIC

ROAD FACTORS

 

NEEDOF  
  

TA ON

 

CROSS SECTION

AUXILIARY LANE

RESOURCES

  

  

  
~ TRANSPOR

TRANSPOR

24. The functional factors describing

traffic are relevant for road user costs and
a broadened 'level of service' concept such
as:

(a) travel time/travel delay;

(b) comfort and convenience;

(c) safety aspects such as risk exposure
measures and conflict situations; and

(d) fuel consumption.

SPEED ECONOMY

25. The most important road user costs
are travel time, accident and vehicle costs.
The size of these costs depends on the road
and traffic environment, vehicle type,
purpose of travel, number of travellers in
the vehicle, speed and the monetary assess
ment of travel times and accidents. The
total road user cost reaches its lowest value
at a certain speed, the optimal speed.

26. In order to elucidate the problem
regarding optimal speed, rough calculations
have been made at VTI of road user costs as
a function of average travel speeds. The
result has been related to the speeds at which
motorists drive where the various speed
limits are imposed.

27. The calculations are based on
empirical relationships partly between
accident rates and speeds and partly between
speeds and speed limits. Accidents and
travel times have been assessed in the same
way as in planning road investments. The
assessments are expressed in 1976 prices,
which are 125 000 SwCr (A$26 000) per accident
and the travel time cost 16.50 SwCr (A$3.4)
per car hour. Vehicle costs (fuel, etc.)
are considered in the same way as in road
planning. The calculations have been made

 

   

 

MEASURES OF EFFECTIVENESS

 

OPERATING

CONDITIONS e g

CONSUMPTION OF TIME

TIME DELAYS

   
   TAUON

DEMAND      

 

 

 

  
ALIGNMENT _ RISK EXPOSURE

SGHTINSTANCE TRAFFK3VOLUME MEASURES
TRAFFKSCOMPOSHMDN CONFUCT

TRAFFKDREGULAHON _ SWUAWONS

COMFORTAND
va CLE CONVENENCE

pmven CONSUMPTKNIOF
FUEL

_ TRAFFIC PROCESS
(VEHICLE WEAR)      

Fig. 4 - A comprehensive traffic model
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for passenger cars only and for three
different types of paved two-lane rural roads:

Road width 6.0 7.5 m
Road width 7.6-10.0 m
Road width 12.0-13.0 m

Road type I
Road type II
Road type III

According to the present system of speed
limits road type I generally has a limit of
70 or 90 km/h, road type II 90 km/h and road

type III 90 or 110 km/h.

28. Fig. 5 shows how road user costs
depend on average travelling speed for the
three road types. The Figure also shows
the total travel time costs plus vehicle
costs, both of which have in this connection
been assumed to be independent of road type
for simplification. The measured speeds of
passenger cars at respected speed limits are
marked with unbroken lines and the predicted
speeds at ignored speed limits with broken
lines.

29. It may be considered that the
differences in road user costs for different
speed limits seen in relation to total road
user costs are so small that they become in
significant. However, it should be observed
that even relatively comprehensive road
building schemes usually reduce road user
costs only by a small degree, as can be
clearly seen by comparing curves I, II and
III.

30. The empirical basis for these
calcualtions is limited and the degree of
uncertainty of the above-mentioned conclusions
is relatively large. However, it is not so
great that it counteracts the conclusion that,
on the basis of valid assessments of
accidents, travel times and vehicle costs, the

 
 
 

COST
SKR/CAR KM

ROAD TYPE

TRAVEL TIME COST +
0 60 VEHlCLE COST +

ACCIDENT COST

0'58 "

0.56 q w

MEASURED TRAVELLING
SPEED AT SPEED LIMIT:

0,54 "

| IO KM/H

90 KM/H

0,52 - PREDICTED TRAVELLING
SPEED AT SPEED LIMIT:

7o KM/H

0,50 "

0.48 d TRAVEL TIME COST F

0 47 + VEHICLE COST
9

J

D F I I l I l

60 70 80 90 100 I TO KM/H
TRAVELLING SPEED

Fig. 5 - Road user cost (1976) v. average
travelling speed on different road
types and at different speed limits
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optimal speed may be considerably lower than
the speeds at which motorists drive on roads
limited to 110 km/h. Even the 90 km/h limit
results in rather high speed.

CONSTRUCTION AND MAINTENANCE

SOME SWEDISH PROBLEM AREAS

31. As in many other northern countries
the problem Of frost heave and frost
 

settlement has been one Of the key questions
for many years. Many studies have been
performed within this field. During the last
decade considerable attention has been drawn
to the use of different insulation materials,
especially polystyrene foam. Trials in the
field and the laboratory have turned out
well, but the energy situation has affected
material costs considerably.

32. The effect of cement stabilised
layers on the bearing capacity of pavements
has been studied since the early 19605. The
studies comprise repeated measurements of
parameters such as deflection under a test
load, rut depth and present serviceability
index (PSI) on test roads. Initially,
interest was concentrated on the use of
cement-stabilised bases in new constructions
of flexible pavements. In recent years the
possibility of using the method for
strengthening unpaved roads with low bearing
capacity has been studied in the same way.
Usually the cement was mixed directly in the
reshaped top layer which was then provided
with an Oil gravel wearing course. In
spite of the good quality of the stabilised
base and a corresponding rise in the bearing
capacity, as determined with the Falling
Weight Deflectometer (FWD), the tendency
has in most cases been a decreasing bearing
capacity as shown by repeated FWD tests.
The tendency was less marked in cases where
a plant mixed layer of stabilised material
was placed on top of the existing unpaved
road as an alternative to the mix in-place
method. The results showed that the thick-
ness of the existing base and sub-base are
usually so small that the strengthening
effect of a mix-in-place stabilisation will
be insufficient. This may be especially
true where the subgrade material is highly
frost susceptable. The heavy traffic then
causes a slow break-down of the stabilised
base and the increased bearing capacity will
revert to its original low value in a few
years.

 

 

33. It is increasingly important to try
to establish suitably balanced function
demands for_pavements on different types
of roads with reference to, e.g. friction,
evenness, light, reflection, wear properties
and noise. If functional claims replace the
present rigid specifications this gives an
incentive for developing better and cheaper
types Of surface dressings with the aid of
new materials and methods. Therefore,
during the five-year period 1981-85,
attention will be directed towards function
demands for dressings, new dressing types
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and methods for measuring function qualities
of dressings.

34. One of the pavement programs in
progress deals with the use of bitumen
emulsions. The reasons for the interest in
uSing more emulsions are:

(a) to decrease energy consumption;

(b) to decrease air pollution;

(c) to minimise bleeding in surface dressing;
and

(d) that catonic agents give good adhesion
and a rapid setting with the most
common aggregates in Sweden.

THE TREND TOWARDS MAINTENANCE PROBLEMS

35. During the 19505 and most of the 19605
most Swedish road research was devoted to
problems regarding construction of new roads.
When planning research, maintenance problems
were paid only very scant attention. This
was characteristic not only of road research
but also of all research regarding the
infrastructure. This fact was possibly a
consequence of growing welfare and confidence
in economic growth. However, the situation
today is completely changed and authorities
are aware of the importance of basing their
decisions regarding maintenance on objective,
scientifically supported facts. From their
point of view researchers have learned to
apply their knowledge of methodology to
operation and maintenance problems.

36. In order to recover any ground that
may have been lost the Institute and the Road
Administration have drawn up a five year
program regarding major maintenance problems
to be effected by the Institute. The main
points deal with surface problems and winter
maintenance. The surface problem includes,
among other things, the following items.

(a) Type of surface - condition of the
surface (unevenness, ruts) - accidents.

(b) Surface conditions - travel time.

(c) Surface type and condition - car costs
(fuel consumption, tyre wear,
vehicle wear).

(d) Surface type noise.

(e) Consequences of various surface
maintenance strategies.

(f) Optimal gravel road standard.

37. During winter a great deal of the
road network is covered with snow. Thus
efforts to develop effective operating
methods for winter maintenance forms a central
task for the road authorities. How important
the problem is may be illustrated by the
results of a pilot study of fuel consumption
under various conditions regarding the
thickness of snow. The measurements recorded

64-
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Fig. 6 Fuel consumption rates of a
passenger car for various ice
and snow conditions

with the aid of a passenger car have shown
(see Fig 6) that a layer of loose snow which

is 30 mm thick increases fuel consumption by
approximately 20 per cent in comparison with
the consumption on a dry, clear road. With
a layer of loose snow measuring 100 mm, the
increase in fuel consumption is round 50 per
cent. The winter maintenance program
includes among other things the following
items.

(a) Weather condition road condition
accidents on salted or sanded roads.

(b) Standard of winter maintenance
friction - speeds - fuel consumption.

(c) Car driver's ability to estimate road
slipperiness.

(d) Information to drivers regarding road
condition.

(e) Environment effects of salt (vegetation
and ground water).

PAVEMENT MAINTENANCE

38. Fifty per cent of the state road
network is constructed with some kind of
flexible pavement. Maintenance problems
have increased because of the use of studded

ARRB PROCEEDINGS
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tyres during the winter season. This use
ranges from 90 per cent in the north to 50
per cent in the south. Another reason for
the increasing need of pavement maintenance
is, of course, the increasing traffic and
the increasing number of lorries with 10-16 t
axle/bogie load.

39. Increasing wear, together with
economic problems, has forced the road
authorities to put into practice a new
maintenance strategy. Thus it has become
more frequent that maintenance is cut down
to only reshaping of the worn pavement
without continuing with a new wearing course
using, for example, rolled asphalt. On
several rural roads maintenance with a
wearing course of only a single surface
treatment with mineral aggregates coated on
the rolled asphalt has become a general
procedure.

40. The strategy has developed as a
result of business economic considerations
from the point of view of the road authori-
ties, acting under the constraint of
decreasing highway funds. There is, however,
today a growing opinion that this attitude
is very likely to lead to unfavourable
consequences from the standpoint of the
national economy. What is being saved by
the road authorities will probably have to
be paid back by the road users in the form
of increased costs for fuel, wear of tyres
and vehicles, lost travel time and lower
safety. Optimising total maintenance costs
must also include these factors. A few
pilot tests have been carried out by VTI in
order to elucidate the Swedish conditions.

41. Thus, measurements of fuel consumption
 

on different motorway sections has shown that
on a very good asphalt pavement consumption
is 5 to 10 per cent lower than on sections
with somewhat inferior - but far from bad -
pavements. It should be pointed out,
however, that the measurements have been
made on one car only and that the differences
indicated apply to a constant speed of 90
km/h. Other types of cars and speeds will
probably give other values - both over and
under those given here.

42. Another parameter that influences
fuel consumption is the surface structure.
The rougher the structure, the higher the
fuel consumption. In 1979 fuel consumption
measurements were made on various road
sections before and after a single surface
treatment had been laid. The chippings
were 12-16 and 20 mm in size. The results
proved that the surface treatment increased
fuel consumption by 2-5 per cent.

43. Another matter in connection with
surface treatment is to ascertain how such
a type of pavement influences tyre wear.
A pilot investigation showed that after 6000
km of driving, tyre wear was 50-80 per cent
greater for the surface treatment than for
the asphalt concrete.

44. The investigations have been made on
a newly applied surface treatment with

VOLUME1CLPART1,198O

chippings 12-20 mm in size. In order to
gain a complete picture of the influence of
the surface treatment on fuel consumption
and tyre wear, further investigations are
planned, among other things to determine
the effect of ageing on the treatment and
the size of the chippings.

45. The pavement standard is of great
importance for road safety, Much attention
has been drawn in recent years to the risks
of aquaplaning arising when ruts in the
pavements are filled with rain or melted
water. These give rise to other difficulties
as well.

 

(a) Accumulations of water may cause
formation of ice and reduced skid-

resistance.

(b) Ice and snow remain in the ruts at
ploughing.

(c) The wheels of the car tend to follow
the ruts, which may lead to steering
difficulties, e.g. when overtaking.

(d) Water and mud from the ruts splash
other vehicles and users and cause
reduced visibility and other
difficulties.

46. It is well known that the skid-
resisting qualities of the pavement rapidly
deteriorate when there is water on the
surface. One way of reducing this incon-
venience is to make the pavement comparatively
rough and ensure that the water can run off
the surface rapidly. Comparatively rough
asphalt concrete - maximum particle size
16-20 mm has turned out to have a good
skid resistance quality. Still better in
this respect is the surface treatment.
However, this pavement causes, as mentioned
above, an increase in fuel consumption as
well as tyre wear.

47. Summing up the pavement maintenance
problems, investigations have shown that a
deterioration of the pavement standard will
involve increasing costs for car users, at
the same time as reducing safety. There
is in Sweden today a growing interest for
further investigations - some of them
already planned - in order to obtain more
valuable information for use in calculating
optimal pavement maintenance costs, including
those affecting road users.

ROAD SURFACE TESTER (RST)
 

48. In order to obtain an objective
basis when allocating the funds available
for pavement maintenance the VTI, the
National Road Administration and the Swedish
car and aircraft manufacturer Saab-Scania
have been collaborating for some years in
order to develop integrated equipment (see
Fig 7) for measuring longitudinal unevenness,
the coefficient of friction, the cross
profile and crossfall and possibly the
rolling resistance. In addition to these
objective measurements there is a remote
control panel to record in the computer
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Fig. 7 - Road surface tester

memory subjective observations such as
cracks, wear and patching. The work is
based on ideas and knowledge gained at the
Institute in the course of developing
various kinds of equipment for the measure-
ment of certain road surface characteristics.

49. Two vehicles of the prototype version
have been tested in a pavement survey in
1980 covering about 30 per cent of the paved
roads in Sweden. A further pavement survey
covering all paved roads in Sweden will
be performed in 1983 with the aid of about
ten Road Surface Testers.

SURFACE TREATMENT OF GRAVEL ROADS

50. About 50 per cent of the state road
network still consists of gravel roads.
Many of them, however, carry low traffic and
only 10 per cent of the total traffic uses
these roads. Thus almost 55 per cent of
the road network has an annual average daily
traffic (ADT) of less than 125 vehicles.
Due to the economic situation it is not
considered realistic for many years yet to

count upon a full class permanent surfacing
on those roads including the required
strengthening of the roadbase and sub-base.
Because of this, the Road Administration has
developed a very simple type of surface
dressing named YlG, which is a surface
treatment with one layer of gravel. A number
of test sections have been surfaced and have
generally turned out to be advantageous.

51. To be economic in comparison with
an ordinary gravel road, a YlG coated road
should be able to last for four to five
years with a minimum of maintenance before
the surface must be renewed.

52. Y1G is used as a wearing course on
those roads with ADT 100-500, which are
practically free from frost damage. The
composition of the basic gravel should
normally be the same as that of gravel used
for the maintenance of gravel roads. Before
the surface dressing is carried out, the
road must be corrected by grading so that
a smooth and stable foundation may be
obtained.

53. Chippings for surface dressings must
comply with specifications for aggregates
in oil gravel and normally consists of the

(56

0-18 mm particle size fraction. Road oil,
cut-back or bitumen emulsion can be used as
a binder. Adhesion agents are added to the
binder except when this consists of bitumen
emulsion.

54. Y1G must not be applied at a lower
air temperature than +5°C or in rainy weather.
The binder is spread with a binder distrib-
utor so that the quantity required can be
spread all over the surface. The chippings
are then spread and rolled to such an extent
that good contact with the roadbed is
secured. Rolling is carried out by using a
tyre roller or smooth roller in conjunction
with aggregate spreading.

55. The treatment is mostly applied
without improving cross-section and alignment.
Because of this, an interesting question was
raised regarding safety. One did not know
if road users, when driving on a black
surface', got an impression that the safety
standard was higher than it was before the
treatment and what it used to be on many old
gravel roads. On behalf of the Road
Administration the Institute carried out
investigations regarding speeds and friction
before and after the treatment. The
investigations showed that safety had not
decreased. Passenger cars decreased their
speed only by about 2 km/h and the friction
of the road increased by such a degree that
the braking distance decreased and the drivers
made less use of available side friction in
the curves.

SAFETY

STATE OF-THE-ART

56. Highway safety in Sweden compares
favourably with the international situation.
The number of deaths per 100 000 vehicles
is about 35.

57. In continuous research work different
measurements for road accidents are tested
in order to find the most appropriate
measures to be used in decision procedures.
One of the main problems is the fact that
the official traffic accident statistics are
incomplete. The Swedish accident statistics
are based on the accidents reported by the
police. It is known, however, that only
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about 55 per cent of those injured in
traffic and who are treated at hospital
are mentioned in police reports. This means
that when discussing the figures they should
be regarded as reflecting only the trend
from year to year.

58. Injuries or deaths per million
person km are estimated at 1.15 for cyclists,
0.51 for pedestrians and 0.15 for vehicle
drivers and passengers. The numbers injured
per accident in various collisions are
estimated as follows.

Type of Accident _&§g;
 

Car Pedestrian
Car Bicycle
Car-Car (head-on)
Car-single
Car Car (overtaking)
Car-Car (crossing
Car (turn-off)
Car Animal C

D
C
D

C
D

C
D
C
D

C
D

C
D

C
D

C
h

C
D

59. The accident rate (number of
accidents per million vehicle km) varies
with regard to time of day and day of week
(see Fig 8). The accident rate varies
considerably with region, state of the road
and light conditions (see Fig 9). The
accident rate varies with the speed limit
and road width as shown in the following
table.

 

Speed limit (km/h)
 

 

 

  
 

Road width

(m) 70 90 110

6 0-7.5 0.48 0.60 0.84
7.5-10.0 0.40 0.50 0.70
10.0 13.0 0.32 0.40 0.56
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Fig. 8 - Variation of accident risk over
week and time and day
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ACCIDENT RATE
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Light CODdlthnS: daylight dark dayllght dark

Fig. 9 Accident rate with regard to
region, road condition and
light conditions

ASSESSMENT OF ROAD SAFETY MEASURES

60. Owing to the complexity of the
traffic system it is in most cases not
possible to quantify the effects of a
separate measure. There is in Sweden a
general opinion that no individual measure
has drastically changed the road safety
situation during the last ten years. However,
among those general measures that have had an
effect are purely technical developments
such as the building of new roads in rural
areas, environmental traffic improvement in
urban areas, and vehicle improvement,
including tyres and brakes. Other measures
of importance in Sweden are the speed limit
regulations, the compulsory use of seat
belts and the laws regarding alcohol and
driving. During recent years the compulsory
use of running lights during daytime has
contributed positively.

61. Many investigations show that the
number of accidents is increasing with
increasing traffic and is proportional to
the traffic volume. Thus, if no measures
had been taken the number of accidents would
have increased with the traffic volume. On
this basis it is estimated that in Sweden
the number of accidents would today have
been about 30 per cent higher than in 1968.
This means a reduction of 7000 accidents with
400 deaths.

SAFETY RESEARCH PHILOSOPHY*

62. When planning research activities to
improve safety the basic philosophy is that

 

*This section has been written by Kare Rumar,

Research Director, VTI.
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Fig. 10 - Man-machine interaction in the
traffic system

road traffic is a man-machine system (see
Fig 10). The driver receives information
from his own car (e.g. instruments, mirrors,
lighting, movements, tyres) and the road
environment (e.g. road geometry, traffic
signals and other road users). All this
information is collected, processed and
acted upon by the driver, thus influencing
both the driver's own car and the other
road users. Thus the system is in continuous
activity. In this system there are basically
three possibilities for improvement.

(a) Selection of drivers. By restricting
those individuals unable to meet today's
requirements, the traffic system is
improved.

(b) Education and training. By influencing
the road users so that their performance
is improved, the system's safety is
improved.

(c) Change of environment. By changing the
rules, the roads, the signs and signals
or the vehicle in such a way that they
better meet the requirements and charac
teristics of man, the system's safety is
improved.

These three methods are complementary
and much remains to be improved in all three
of them.

63. The main problems seem to be: What
would be the criteria for selection? What
selection proportion should be accepted?
What should we train? How should training,
education and information campaigns be
designed to obtain optimum effect?

64. Man today has developed during a
period of millions of years and the main
environmental problems seem to be: What are
the most important limiting characteristics
of man? How should the environment be
modified to compensate for and meet these
limitations?
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SPEED LIMITS

65. Since Sweden changed to right-hand
traffic in 1967 the Institute has studied
the effect on accidents and speeds of differ-
ent changes in the speed limits. The limits
tested on motorways are 130 and 110 km/h and
on two lane rural roads 110, 90 and 70 km/h.

66. One of the main methods applied was
to study the accident trends of roads before
and after the speed limit was altered. Thus
the results are affected by other measures
designed to improve safety and the changes
obtained are not entirely an effect deriving
from changes in speed limits. Because of
this, accident trends were also studied
during the corresponding periods on a number
of roads of equal standard where the speed
limit remained unchanged.

67. Some results of the investigations
regarding the number of accidents and
different speed limits can be summarised
as in Table I.

68. Each reduction in the speed limit was
found to be associated with a reduction in
the total number of accidents. The opposite
effect was obtained when speed limits were
increased.

69. Of course, it is of great interest
to take into account increases in traffic
volume occurring between the periods before
and after. Using available traffic data,
the effect upon the accident rate has also
been calculated (figures in brackets).

70. Table I also shows the changes in
per cent in the number of accidents according
to injuries and damage in relation to changes
in speed limits during different investiga
tion periods 1968-72.

71. These speed and accident investiga
tions were supplemented by new investigations
in 1978-79 when, in order to save energy,
the Government decided that the maximum
speed limit during four months in 1979
should be reduced to 90 km/h. The investi-
gations were restricted on economic grounds
and did not include damage to property.

TABLE I

SPEED TRIALS: CHANGES (%) IN NUMBER OF
ACCIDENTS ( ) CHANGES IN ACCIDENT RATES

 

  
 

Change 1) 2) 3)
in US 90 90 90 70 130

ResuLtant speed to to un- to un to
damage 90 110 chunged 70 huuged 110

Total acc1dents - 9 +52 + 6 18 +1. 16
( 16) (+ 40) (+11) ( 22) (1 0) ( 30)

Property damage - 7 + 55 +11 15 +1. 16

Personal anUI IES -10 + 35 i O 29 1 10

Fatalities 30 +175 14 1.2 2 12         
1) US:Unrestncted speed

2) Roads With equal standard as 90 to 110"

3) Roads Wlth equal standard as "90 to 70"
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TABLE II

CHANGES (%) IN NUMBER OF ACCIDENTS 1978 79

 

Change in 110 to 90 un 70 un

Resul- speed 90 Changed changed

tant damage % % %

 

Total no. of

accidents with

personal in

     
 

juries 25 -13 -6

Fatal and severe
personal injuries -34 -16 -5

Fatalities 52 -13 12

72. Table II shows the changes in per cent
in the number of accidents according to
injuries in relation to changes in speed
limits during four corresponding months in
1978 and 1979. As the traffic flow was
unchanged during the two periods 1978 and
1979, the changes in the number of accidents
presented correspond to the changes in
accident rates on the national road network
between the two periods.

73. It is important to notice that the
analyses for 1978-79 are limited to describing
the change in the number of accidents
between the two periods. It has not been
possible to investigate to what extent
different factors have affected the accident
situation or, in other words, what the
accident situation would have been if the
speed limits had been unchanged or if the
reason for saving fuel had not existed.

Infringements of Speed Limits

74. Speed measurements carried out in
connection with various trials show that on
roads where the speed limit was reduced from
110 km/h to 90 km/h the frequency of infringe-
ments increased by about 15 per cent, whereas
a reduction of the 90 km/h limit to 70 km/h
gave rise to an increased frequency of
infringements of about 40 per cent. At the
same time, however, it is important to note
that at the 70 km/h speed limit about 25 per
cent of drivers drove faster than 80 km/h
and at the 90 km/h speed limit about 10 per
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Fig. 11 - Frequency of infringements of
speed limits as a function of
speed limit (SL) and the speed
limit plus 10 km/h (SL + 10)

cent of the drivers drove faster than 100
km/h (see Fig 11}.

CHILD RESTRAINT SYSTEM

75. One of the most important criteria
on which to judge the efficiency of a
restraint system is its performance in
simulated crash tests. In the mid 19705 VTI
studied the performance aspects of 25
different child restraint systems during
frontal impacts, using the crash track and
three-year-old and six-year-old child
anthropometric dummies. The impact speed
was 50 km/h and a constant speed was
maintained. There was no braking before
the impact was simulated. Head and torso
decelerations were measured. Head displace-
ments were recorded by high-speed photography.
Brain internal forces were measured by an
accelerometer.

76. The most important difference
between the various types of child restraint
systems tested was that the resultant head
acceleration and hyperflexion of the neck
were considerably lower for rearward facing
seats as compared with forward facing seats
and shields (see Fig 12). Using a forward-
facing seat the child's head is whipped
forward. The shield type seat causes the
child's head and body to be whipped forward,
whereas the head is cushioned by the seat
when using the rearward facing seat.

REARWARD FACING SEAT

1 MFTFR
7'

HEAD DISPLACFMFNT BRAIN INFRTIAL FORCFH

 

Fig. 12 - Head displacement and brain
internal forces at different
types of child seats
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Fig. 13 Typical Swedish child seat

77. Thus the most efficient child protec-
tion in Sweden today is supposed to be a
restraint system firmly anchored to the car,
with hard non recoiling paddings, which
places the child in a rearward facing
direction, and which supports the entire body
surface of the child (see Fig 13).

ALCOHOL AND DRIVING

78. According to Swedish law it is a
punishable offence to drive a vehicle if the
blood alcohol content exceeds 0.05 per cent.
In order to provide the Road Safety Office
with significant facts as a basis for an
information campaign the Institute performed
a study regarding the manner in which driver
performance is affected by low amounts of
alcohol in the body. Twenty six male drivers
between the ages of 16 and 31 drove at a
speed of 50 km/h through an arrangement of
traffic cones on three different driving
lanes (see Fig 14). The driver was instruc-
ted to drive into the closest lane without
striking any cone when a red signal appeared
(see Fig 15).

79. The result showed that driving
capacity was decreased by an average of 32
per cent at an average blood alcohol content
of 0.042 per cent.

ENERGY

GENERAL ASPECTS

80. In terms of population Sweden is
one of the countries most dependent on oil.

'70

 

Thus about 70 per cent of the total energy
consumption is based on oil and furthermore
it is necessary to import all of it.

81. The transportation sector is the one
in which energy consumption has increased
the most rapidly, by an average of about 2
per cent every year during the period 1973-79.
There are, however, signs of a lower
acceleration during the current year.

82. Transportation is estimated to
consume about 20 per cent of all energy
resources. Considering fuel consumption
alone the percentage distribution in domestic
traffic is as follows.

Transport Mode_ Percentage

Passenger cars 68.0
Trucks 22.2
Buses 3.3
Coastal shipping 3.5
Aircraft 2.2
Miscellaneous 0.8

83. The measure needed to save fuel are
the same as for the international scene, e.g.
increased car pooling, improving public
tranSport, technical improvements in the
car (e.g. reduction of weight, more efficient
engines, alternative fuels, reduced drag),
restriction of mileage, fuel rationing,
using price as a regulator, lower speed,
more economical driving and the operation
of traffic signals.

84. Measures regarding the infrastructure
as well as those for improving car engine
performance are effective only in the long
run and will do little to alleviate an oil
shortage in the mid-19805. Because of this,
much of the research interest during the
last years has been focused on, for instance,
car pooling, traffic signals, speed, driving
behaviour and fuel saving accessories. As
examples of these activities two investiga-
tions will be mentioned, both with the aim of
influencing the driver to save fuel.

SPEED LIMIT FUEL CONSUMPTION

85. As mentioned in the section regarding
speed limits and accidents,the maximum speed
limit during four months in 1979 was 90 km/h.
This meant that on 6000 km of roads the
speed limit of 110 km/h was changed to 90
km/h.

86. The average speed for passenger cars
decreased on motorways from about 107 km/h
the month before changing to about 95 km/h
in the first two months after the change.
By the third month, however, the average
speed had increased to 100 km/h. 0n two lane
roads the average speed decreased from about
97 km/h to about 90 km/h. No measurements
were made in the third month. In order to
obtain reference figures, speeds on roads
with an unchanged speed limit of 90 km/h

ARRB PROCEEDINGS



STROM _SWEDISH ROAD AND TRAFFIC RESEARCH

 

emergency
/Open|ng0

.
0
0
.
0
0
.
.
.

~
0
0
0
0
0
0
0
0

! 
130m     

0
0
.
0
0
.
0
0
0
0

*
. |__ v 0 0

 

pomt of

entry

 
 

 

Specmcatlons of pylon arrangement

o
f j

1,72m 1,72m

+
5

0

u m 3 m

Tnggmg pomt

tor stoppang sugnal

for next openingg
;> 3 ;> 3v_

v
,

*

_
q 3  

  

 
c

s
r

|l|
|||

III
I||

|II
||\

\\\
\\

Fig. 14 - Pylon arrangement for testing driving capacity at different blood alcohol contents

were studied. The corresponding figures
were 89 km/h before and 87 km/h after the
change.

87. When estimating the fuel saving it
was necessary to begin with certain
assumptions; for example, earlier studies
regarding the connection between fuel
consumption and speeds of cars generally
used in Sweden. From these it was estimated
that the annual saving would be 1-2 per cent
of the total fuel consumption. The alterna
tive figures depend on the unanswered question
as to whether drivers can be influenced to
drive slower on the 90 and 70 km/h roads
during periods of decreased speeds on the
110 km/h roads.

VOLUME10,PART1,1980

CHANGES IN DRIVER HABITS

88. A number of pilot tests regarding
driver habits were performed. A route of
64 km was composed of 9 km with a speed
limit of 50 km/h, 43 km with 70 km/h and
12 km with 90 km/h. In order to increase
the feature of urban driving ten compulsory
stops were included. The route was covered
four times. The traffic flow on the road
section in question was low during the

trials, for which reason the interruptions
due to interaction with other road users
were few. The car was a Saab 99, Model 1973,
and the fuel consumption about 0.8 L/10 km.
The fuel consumption and travel time in
relation to driving at normal pace were as
follows.
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Fuel Travel
Consumption Time

Driver Habit (%) (%)

Normal pace 100 100

As low fuel consumption
as possible
without aids 92 103

- with the aid of
instruction, vacuum-

 

meter and fuel-flow meter 86 112

As fast as possible without
violating the speed limits 115 90

89. It should be emphasised that the
results cannot be generalised. They have,
however, indicated that further tests are
of interest and therefore new investigations
are planned in order to obtain firm knowledge
for future information campaigns.

 
Fig. 15 Alcohol driving test

ENVIRONMENT

GENERAL ASPECTS

90. Only 15 years ago people were asking:
Whyckn1 tyou build the road outside my door?
Today the reaction often is: Of course we
need roads, but why outside our house? The
situation is confusing - people speak about
the environment and the need for public
transport but everybody wants to drive his
own car up to his own door.

91. Of course road planners have to
accept that the demands on living standards
change. That they really do so may be
illustrated by the fact that the first
conclusion at the conference-discussion
regarding 'Roads within the environment at
the Vienna PIARC-congress in 1979 stated
that 'road planning is environmental
planning'. There is a problem, however, at
least in Sweden, in the fact that the
assessments of different kinds of disadvan
tages are changing so fast. Standards
accepted and adopted only a few years ago
are often discussed again as soon as they
have come into effect.
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92. Discussion on roads and traffic in
Sweden is to a great extent focused on
air pollution and noise problems. The
ecological effects of road building and
improvements have also been a main interest.

93. Starting with the last problem, the
increasing interest in protection of the
natural environment and the growing shortage
of natural gravel will intensify the use of
production waste and refuse as construction
materials. The Institute s investigations
cover, among other things, granulated blast
furnace slag. Investigations of slag
obtained by incinerating household waste
have also started.

94. Regarding air pollution, legislation
has so far been confined to a few consti-
tuents that are known to be harmful, primarily
carbon monoxide (CO), uncombusted hydrocarbon
(HC) and oxides of nitrogen (NO). The
emission limits are similar to the U.S.
federal standards of 1973, i.e. 24.2 g/km CO,
2.1 g/km HC and 1.9 g/km N0.

95. The most controversial question today
centres on the claims regarding lead. The
limit allowed today is 0.4 g/L. There are
proposals to decrease the limit to 0.15 g/L
or to use fuels entirely without lead.

96. Noise disadvantages are often met
with walls or other construction methods,
for instance three-glass windows in buildings.
The discussion is, however, to a great extent
concentrated on the emission sources.
Accordingly, the Institute is, among others,
engaged in various projects, for instance,
regarding tyre road noise.

TYRE-ROAD NOISE 

97. Tyre-road interactions are responsible
for most of the emitted traffic noise at
speeds above approximately 40-50 km/h. Ideas
regarding noise reduction methods, involving
both tyres and surfacing, are being discussed
at the Institute. One of the projects
carried out in co operation with the consult-
ing firm Akustikbyrgn AB deals with the
problem of how to reduce tyre noise emission
from a truck by enclosing the tyres completely
except for a clearance near the road surface.

98 A two-axle truck (six wheels) was
used for the tests. The tested alternatives
were (see Fig 16):

(a) truck with standard mudguards;

(b) enclosures on the rear wheel only with
clearance 200 and 100 mm; and

(c) enclosures on all wheels with clearance
150 and 100 mm.

The lower clearances were attained
by vertically adjustable rubber curtains.
No sound absorber was used but the steel
sheet housing was covered by vibration
absorbing material.

ARRB PROCEEDINGS



STROM SWEDISH ROAD AND TRAFFIC RESEARCH

 
with (b) Rear wheels enclosed by steel

sheet housing: clearance to road
surface 200 mm

(a) Test truck equipped
standard mudguards

 
(c) All wheels enclosed: clearance (d) Tread print of tyres. Firestone
200 mm. For lower clearance a steel radial 9.00-20. Front tyre
flexible rubber curtain was used (top): Transport 1000. Rear tyre
as bottom (bottom): SAT 1000.

.es 
(f) Road surface: surface treat
ment, chippings 12-16 mm

(e) Road surface: rolled asphalt,
chippings <12 mm

Fig. 16 - Testing tyre road noise
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99. The front tyres were rib-type and the
rear tyres were block/rib-type - all steel
radials. Tests were made at speeds of 50 and
70 km/h on:

(a) rolled asphalt, medium smooth with
chippings < 12 mm both dry and artifi-
cially wetted (water depth 0.3 mm); and

(b) surface treatment, relatively rough with
chippings 12-16 mm and dry.

100. Using the vehicle equipped with
standard mudguards as a reference the results
at a speed of 70 km/h indicate that a
reduction of 3-4 dB(A) can be attained on a
dry normal textured surface, either with
enclosures on all wheels down to 200 mm from
the road or enclosures only on the rear
wheels down to 100 mm from the road.

101. It should be emphasised that these
are pilot tests. There are still many
practical difficulties to overcome. The
greatest problems seem to be the clearance
to road and obstacle, tyre and brake tempera-
ture and snow obstruction. It is obvious
that not every vehicle type can be equipped
with enclosures, e.g. vehicles for temporary
use in rough terrain or construction areas.

THE FUTURE: ADVANCED RESEARCH
METHODS AND CONSEQUENCE ANALYSIS

ACCELERATED SIMULATING METHODS

102. When planning road and traffic
research there are, after the economic
problems, a number of key factors, e.g.
reliability, safety and time consumption.
Two examples may illustrate the problems.

(a) Many test sections have been constructed
within the framework of routine road
building. Of course, much valuable
data have been collected from these
tests. The results, however, cannot
in many cases be used for many years
and then, when working with the measured
data, it is often found, for example
that climate changes, traffic flow and
axle loads have varied in such a way
that it is impossible to render a
systematic and statistically satisfact-
ory account of the tests.

(b) When problems in the man-machine system
are studied it is of course not
practicable to carry the tests through
to such an extent that hazardous
situations occur; for example to
stressed or fatigued drivers.

103. In order to overcome the problems in
question it is essential to develop acceler
ated simulating methods. Efforts in this
area are being made in many countries and
also at VTI various more or less advanced
simulating methods have been built up or are
under construction.
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(a) Simulators for

(i) reproducing the lighting conditions
of rural night driving,

(ii) testing the attentional and
manoeuvring tasks of driving, and

(iii) reproducing the vibrations caused
by uneven roads of various
quality.

(b) A simulator (still under construction,
to be completed 1982-83, see Fig 17a)
with two alternative TV wide screen
visual systems (computer and model
landscape) and full motion systems. The
role and performance of the driver
interaction with the vehicle can be
studied by changing the various vehicle
and road computer programs.

(c) Vehicle dynamics computer programs to
study vehicle behaviour in standardised
manoeuvres.

(d) An indoor crash track (see Fig 17b)
allowing collision speeds up to 100
km/h with cars or sleds.

(e) A small outdoor test track (see Fig 170)
for studies and testing of lighting
columns, road sign poles and crash
barriers.

(f) A large-scale tyre characteristics test
track (still under construction, to be
completed 1981, see Fig 17d).

(9) A conventional road simulator with six
wheels for studies of tyre surface
interaction (see Fig 17e).

(h) Test pits with a length of 15 m for
full-scale simulation of road pavements
(see Fig 17f) equipped with various
measuring devices and adjustable
temperature from 20° to +30°C.

(i) A traffic simulation model describing
the behaviour of a traffic flow on a
two lane inter-urban road.

104. These kinds of methods and equipment,
in addition to field studies, will in the
future undoubtedly be used to a greater
extent than today, thus improving the control
of all relevant independent variables and
making it possible to carry out certain
projects without safety risks.

THE NEED OF CONSEQUENCE ANALYSES

105. It is nowadays generally accepted
that road planning is an integrated part of
comprehensive community planning. This means
that in the modern society it is seldom
possible to realise measures without influenc-
ing not only primary problem but also

secondary factors. Road and traffic research
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(a) Model of driving simulator (b) Indoor crash track
(under construction)

 
(c) Outdoor crash track with a (d)
specially-built deformable crash
vehicle

Model of tyre characteristics
test tracks (under construction)
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(e) Road simulator for studies of (f) Test pits for full-scaletyre-surface interaction simulation of road pavements

Fig. 17 - Equipment for accelerating and
simulating methods
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has, however, at least in Sweden, been
focused until recently on what may be
characterised as component research. The
reason for this is very often that decision-
makers are forced to take steps immediately
under influence of public opinion or pressure
groups. Consequently they need some basic
facts 'tomorrow' and there is no time to
elucidate the secondary consequences.

106. Today, however, there is a growing
understanding of the risk of sub optimising
if the problems are not considered in the
relevant perspective. In this paper a
practical example has been given in the form
of pavement maintenance. Another example is
the contradictory desire to restrict private
car use and improve public transport at the

same time as people want to live in their
own houses, thus necessitating wide-spread
settlement patterns. Again, car manufact-
urers offer designs with all glass fronts,
the driver sitting just behind this front,
giving himself and his passengers a wide
view, but how about safety considering both
vision and crashworthiness?

107. To sum up, researchers must accept
their responsibility for sound development
by making it clear to politicians and other
decision-makers that the consequences of
many measures cannot be estimated to their
whole extent if time and other resources
necessary to make a systematic, comprehensive
approach are not allocated to researchers
when they are asked to attack the problems.

 

DISCUSSION

SWEDISH ROAD AND TRAFFIC RESEARCH - MAIN PROBLEMS
AND FUTURE DIRECTIONS

B. STRÖM, K.C.P.S., M.C.Eng., Head, National
Road and Traffic Research Institute, Sweden

A. QIZILBASH,
Senior Lecturer,
Capricornia Institute
of Advanced Education

The author mentioned alcohol as a factor contributing to accidents,
especially for young drivers in Sweden. If I remember correctly,
only about 15 per cent of the road fatalities in Sweden are connected
with alcohol while we in Australia have over 50 per cent.

The preventive measures in this area in Sweden I understand are :

(a) education right from the Primary School level;

(b) regulations and enforcement; and

(c) penalties.

I would like the author to comment on :

(
(
(1 imprisonment).

1) the effectiveness of various measures;

2) resistance from the public on random breath testing; and

3) the type of penalties (I believe even the first offence results
n

In Australia there is a strong lobby against the introduction of random
breath tests in many States on the grounds that it violates individual
freedom, is expensive and is not effective in the long run.

I personally believe that a breathalyser is to alcoholism what an
X-ray is to TB. Detection can cure or arrest the disease.
Prevention is better than punishment. Punishment appears to be a
deterrent for responsible drivers only. One in four drivers in
Australia whose driving licence has been suspended after a drink
driving conviction has been known to come back on the road and repeat
the same offence (often within the suspension period).

I would appreciate the author's comments on the subject.
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The author referred to the contractor/customer relationship with
regard to research - in the U.K. this relationship resulted from the
Rothschild recommendations. One effect of this reduced the amount of
long term research in TRRL and led to the transfer of research
(and other kinds) to the Universities.

Do the Universities in Sweden carry out research work for VTI?

Community attitudes on safety and the rights of pedestrians and
residents play a large role in decision making in Sweden. Has this
helped to make Government more interested in your program?

Many of the issues that Mr Strom has mentioned have a striking
similarity to our own.

When I visited Mr Ström's Institute in Sweden, I was struck by both
the quality of the Laboratories and by their much greater emphasis on
the driver-vehicle-road interaction. Is much of this vehicle-oriented
work conducted in association with the vehicle industry and if so on
what basis is the association organised?

Several useful reports were published by Swedish researchers on
traffic signals. Is there much current research in this area, in
particular on the fuel consumption aspect of traffic signals?

One of the slides showed reference to Oil Gravel Restoration.
Could Mr Ström please explain what 'Oil Gravel' is? Under what
circumstances is it used? How much oil is applied, and is it
mixed to any depth? Is it a temporary expedient or useful over
extended periods for light traffic?

(1) Is the increased percentage of expenditure on maintenance of
roads in recent years in Sweden due to an overall shortage of funds
for roads and therefore reduced ability to do capital works?

(2) Could Mr Ström explain in more detail the customer/contract
basis of the financing of research at VTI?

(3) With respect to the test car, what is the maximum speed of the
vehicle with the 'Rut Rollers' in position on the road?

(1) Short-term prison sentences have become the most common type of
punishment for high promille levels. Institutional treatment and
probation are less common. At the same time, unconditional withdrawal
of the driving licence for longer or shorter periods has become the
normal practice also as regards the lower alcohol levels. Various
opinion polls have shown that these measures have a wide support from
the public who have reacted strongly against the losses of life and
property caused by alcohol on the roads. People have felt that the
strictness of the law has had a beneficial impact on the attitudes and
general behaviour of motorists.

The proportions of fatal road accidents caused by drunken drivers are
considerably lower in Sweden and Norway than in comparable countries
with more liberal rules pertaining to drunken driving.

The possible deterrent effects of the strict laws has been studied
by Prof. H. Votey who has concluded that Scandinavians respond to law
enforcement. In the Swedish case, the data also suggest that it is
law enforcement rather than control of beverage sales that has the
greater influence on accidents.

(2) There has been very little resistance from the public to the
random breath testing. Only a small number of drivers have expressed
their disapproval over the years they usually claim lack of time.

Out of 1 182 482 breath tests only 233 drivers refused to co-operate.
Out of these only 14 had a blood alcohol concentration below the legal
limit of 50 mg per cent.
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(3) Criminal liability applies to drivers of automobiles, motorcycles,
mopeds and certain other motor vehicles. There are two classes of
offences: first-degree drunken driving, the more serious, and second-
degree drunken driving, the less serious.

The offence is labelled first degree drunken driving if the driver was
under the influence of alcohol or other intoxicants to the extent that
he could be assumed to be incapable of safe driving. If the driver's
blood alcohol content was 1.5 promille or more, he is always assumed to
be incapable of safe driving. The penalty for this offence is usually

imprisonment for one or two months.

First-degree driving of a moped, on the other hand, is usually
punished by fines.

Liability for second-degree drunken driving is incurred if the blood
alcohol level is 0.5 promille but less than 1.5 promille. In general,
these offenders are fined.

Withdrawal of the driving licence is the rule in cases of drunken
driving of the first and second degree. If the concentration of
alcohol in the driver's blood is less than 0.8 promille and the
circumstances are otherwise extenuating, withdrawal is not obligatory
and the culprit may get away with a warning.

The law prescribes a blocking period of at least one month and at the
most three years. For first-degree drunken driving the shortest
blocking period is one year.

The Universities do not carry out research work for VTI neither on the
same basis nor to the same extent as they do for TRRL. When rational,
however, their competence is made use of on a contractor basis.

The total grant-in aid from the Government Bill regarding the new
traffic policy, was approved in 1978 by Parliament. The Government,
however, state that the Institute is well qualified to deal with many
questions of current interest regarding the problems in built-up areas.
The Bill also calls attention to the fact that the Institute's program
work in this area ought to be of interest to presumptive customers.

The work is carried out in co-operation with both the vehicle industry
and other interested parties as the Swedish Board for Technical
Development and the National Road Safety Office. Additionally we make
use of our own funds, not at least to stimulate discussion regarding
safety problems.

The joint projects with the vehicle industry deal largely with
different kinds of components problems, for example child restraint
systems, coach seats and rims. The projects are organised on a
customer-contractor basis as described in my answer to Mr Russell.

Another kind of joint project is the work in the framework of various
international organisations, for example the International
Standardization Organization, where Sweden has taken the responsibility
to draw up a proposal for a standard by means of which the driving
characteristics of a passenger car can be assessed. The costs for
those types of work are financed by own funds.

There is research in progress regarding traffic signals both at VTI
and the Universities. At VTI a current project deals with energy
saving through traffic control. Another project in the same area is
carried out at the Royal Institute of Technology.

Due to shortage of highway funds a rather large part of gravel roads
cannot be strengthened enough to permit the use of asphalt surfacings.
In order to facilitate the maintenance of those roads and make it less
costly the 'oiled gravel' was developed during the 19505 and 19605.

Oil and gravel are mixed in a plant. The requirements on the gravel
is in broad terms the same as on gravel used for the maintenance of
gravel roads, except for its low content of fine material. The oil
used, for example P0 60, must comply to certain specifications.
Fatty amins are added to the oil as adhesion agents. The oil content
is kept at 3.5 per cent. The road to be surfaced is reinforced in
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its weakest parts by the replacement of weak material by regular
basecourse gravel.

For new construction the oiled gravel is spread as a single layer at
a rate of 80-100 kg/m3. Small asphalt pavers travelling on wheels are
used. The layer is compacted by a steel-wheeled roller.

The method must primarily be considered as a temporary measure developed
during the 19605 to a normal maintenance method. Today, however,
it is more common with the surface dressing YIG, described in my paper.

(1) Yes

(2) The grant in-aid from the Ministry is used to build up and
maintain basic resources and scientific knowhow, especially in those
areas where we can count upon an interest from presumptive customers.
A limited part of the money is also used to question existing
conditions and put the problem under discussion.

Most research projects, however, are initiated by the customers.
In principle, this means that the Institute is acting in the same
manner as a consulting firm. The government authorities and other
state or private bodies working in the field of roads and traffic
ask us to tender for a project with the aim of solving or elucidating
a problem. After discussions, not at least regarding the level of
ambition, the Institute delivers a scientific background paper, very
often worked out in close co-operation with the presumptive customer,
a time-table and an estimation of cost. The price must be calculated
in order to cover all costs.

In the continuous co-Operation with, for example, the National Road
Administration, a rolling' planning and follow-up process is
established. This means that each year the Road Administration's
total VTI program for the following year is discussed and approved
as a parcel including also those projects which are running over
many years. To this, a comprehensive five-year program has been
drawn up between the Institute and the Road Administration in order
to give guidelines for the future discussions.

Finally, the Government has stated that the percentage of incomes
based on the customer-contractor basis should be increased. This means
that the Institute is forced to work with a very flexible planning
procedure.

(3) Today the recommended maximum speed is 70 km/h. It is, however,
possible to operate up to 90 km/h.
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