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(STATEN S VÄGIN STITUT)
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1 9 6 5  — 1 9 6 6

Board

T h e  B O A R D  OF  T H E  R O A D  R E S E A R C H  I N S T I T U T E  includes the Director 
of the National Swedish Road Board (Kungl. väg- och vattenbyggnadsstyrel
sen), Chairman, and the Chief Engineer and Director of the Institute. Further
more, the Government has appointed six experts as Members of the Board.

Organization



Staff

Chief Engineer and Director of the Institute: Nils G. Bruzelius.

D e p a r t m e n t

Staff engaged in

Special
General commis-

work sioned
work

Chief Engineer .............................................................................................  i
Administrative Office   7 4

Chief Secretary: Sune Lans
Technical Office ...........................................................................................  5

Chief: Carl Erik Brinck
Road Surfacings Department .................................................................... 7 11

Department Chief: Harry Arnfelt
Road Foundation Department .................................................................. 4 8

Department Chief: Olle Andersson
Geological Department   5 12

Department Chief: Folke Rengmark
Mechanical Department   12 28

Department Chief: Gösta Kullberg
Traffic Department   5 13

Department Chief: Stig Edholm

Number of persons 46 76

Total staff 122

Buildings

The National Swedish Road Research Institute has been housed in its own 
building, Drottning Kristinas väg 25, Stockholm, since 1939. In addition, the 
Institute has at its disposal about 5 000 m2 of floor area in a building in Bromma, 
a suburb of Stockholm. The latter space is utilised by the Mechanical De
partment, and its workshops, as well as by the Traffic Department.

Publications

The following proceedings and reports (in Swedish, unless otherwise specified) 
have been published by the National Swedish Road Research Institute, Stock
holm, in the financial year 1965 — 1966:



Proceedings:

92. Optimum Axle Loads, by C. E. B r in c k ...............................................  1966

Reports (Printed):

46 A. Annual Report of the National Swedish Road Research Insti
tute for the Financial Year 1964— 1965 .......................................... 1966

Special Reports (Mimeographed, in Swedish):

34. Cost of Lorries in 1964, by L.-Å. J ö n d e l l ........................................... 196̂ 5
35. Rechts oder Links im Strassenverkehr (Right or Left in Road 

Traffic), by Dr.-lng. Werner Lutter.—Swedish Summary, by
L. Bondestam ............................................................................................. 1965

36. Pedestrians in Traffic. Review of Literature, by S.-A. Elofsson 1965
37. Measurements of Lateral Positions of Road Vehicles in the County 

of Halland, Sweden, and on the Island of Zealand, Denmark, by
L. B ondestam ............................................................................................. 1965

38. Studded Tyres. Investigations in 1963 and 1964, by G. Kullberg
and E. O hlsson ..........................................................................................  1965

39. Gualöv Base Test Road, by B. Ö rb o m ...............................................  1965
40. Comparison between Right-Hand and Left-Hand Locations of

Steering Wheels in Right-Side Traffic, by L . Bondestam ...............  1966
41. Experiences Relating to Determinations of Strength and Particle

Shape of Aggegates for Use in Road Construction, by P. Höbeda 1966
42. Investigations of Frost Action on ö jeby 1958 Test Road, Road 

No. 96, County of Norrbotten, in the Period from 1958 to 1963,
by R. G a n d a h l..........................................................................................  1966

Moreover, papers by members of the staff of the Institute have been presented 
at international congresses, and have been published in the Swedish Road 
Association Journal as well as elsewhere. These papers are mentioned in the 
sections devoted to the respective departments.

Research and Investigation W ork at the Institute

During 1965 — 1966 the Institute has pursued general road engineering research 
on the same lines as before. Just as the previous years, the Institute was en
trusted by various State and local authorities as well as by private undertakings 
with a large number of commissions for research into current problems con
cerning roads and air fields. Moreover, the work of the Institute included 
consultation varying in scope.



Technical Office

Optimum Axle Loads

The investigation of optimum axle loads which had been started in the financial 
year 1963— 1964 has been completed. The results of this investigation have been 
published in Proceedings No. 92 of the Institute. The investigation in question 
has also been presented and discussed at a seminar organised by the Division 
of Road Construction, Royal Institute of Technology, Stockholm, on December 
8 th, 1965, which was attended by representatives of authorities as well as 
by those of commerce and industry, and institutes of technology.

The following papers (in Swedish) have been published in connection with 
the above-mentioned investigation:

Equivalence of Axle Loads, SV T  (Swedish Road Association Journal), No. 1, 
1966.

Axle Loads and Road Costs, SVT, No. 2, 1966.
Problem of Optimum Axle Loads, SVT, No. 4, 1966.
Why Are Tandem Axles Most Favourable?, Dansk Vejtidsskrift (Danish Road 

Journal), No. 6, 1966.

Technical Documentation Centre and Library

The Technical Documentation Centre has continued the preparation of abstract 
cards (standard size A  6) during the financial year 1965 — 1966. The Universal
Decimal Classification (UDC) was used for the documentation card index,
which comprises about 7 000 cards at the present time.

To draw up a system of documentation in the field of road and traffic 
research is one of the items that have been included in the programme of work 
of the European Organisation of Road Research Laboratories (E.O.R.R.L.), 
which had been formed on the initiative of the O.E.C.D. The international 
documentation work based on this system, which was started in January 1965, 
makes rapid progress. A  Coordinating Committee, which deals with certain 
questions concerning nomenclature and translation, has been appointed in 
addition to the three main centres, viz., at the Laboratoire Central des Ponts 
et Chaussées, Paris, France, at the Road Research Laboratory, Harmondsworth, 
England, and at the Forschungsgesellschaft fiir das Strassenwesen, Cologne, 
Federal Republic of Germany. The majority of the European road research labora
tories prepare abstracts selected from the periodicals, reports, etc., published in the 
respective countries, classify them, translate them into English, French, or 
German, and type them on special abstracts sheets (standard size A 4), which 
are sent, together with the original text, to one of the above-mentioned centres 
(the Institute mails its abstracts to the Road Research Laboratory, Flarmonds- 
worth).

The abstracts are classified by coordinate indexing with the help of standard 
glossaries of terms (thesauri) in the three principal languages referred to in



the above, as well as by means of a systematic assignment of concepts to predeter
mined main groups and to corresponding sub-groups (the total number of de
scriptors is about 2 ooo). The documents have been tentatively registered and 
filed by using a punched card equipment in accordance with the recommendations 
made by O.E.C.D. Furthermore, the change-over to a more highly mechanised 
method of storage and retrieval is being put to the proof. On June 30th, 
1966, the total number of abstract sheets was about 5 000.

The glossaries of terms are prepared and revised in close co-operation with 
the Swedish National Committee on Documentation, and other bodies.

The collection of publications in the library has been considerably increased 
during the financial year under review. Books are catalogued in conformity 
with the Universal Decimal Classification.

Road Surfacings Department

Rheological Properties of Bituminous Mixtures

Rheological properties of bituminous mixtures have been studied by recording 
various relations between stress, strain, and time. Thus, these studies comprised 
the determination of the effect produced by the preceding rate of deformation on 
the relaxation process. The rate of compression was varied from 0.5 mm per min 
to 16 mm per min. After conversion of the relaxation curves to a logarithmic 
time basis, these curves showed an inflection point whose position with reference 
to the time axis was found to vary with the preceding rate of compression. 
An analogous observation has been made on other viscoelastic materials as well. 
These experiments showed that compacted mixtures also exhibit viscous after
effects in connection with comparatively high rates of short-time deformation, 
i.e. processes of the same duration as those which take place in a pavement 
under the action of traffic. Similar studies dealing with the effect of the 
rate of application of pressure have likewise been carried out. The object of 
all these investigations was to explore the behaviour of bituminous road 
surfacings under traffic. The mixtures studied were moulded into standard 
Marshall test specimens.

The particular deformation process due to traffic was examined by recording 
pressure-time diagrams in the pavement of a trunk road near Stockholm 
during normal traffic. Similar studies were also performed in the experimental 
road machine of the Institute. In the latter case, it was possible to vary the 
wheel speed and the axle load systematically. The compression of the wearing 
course was measured with the help of an asphalt concrete slab, which was 
embedded as an integral part of the wearing course, and a displacement- 
measuring device based on wire strain gauges, which was inserted in a shallow 
cavity in this slab.

In a wearing course, 25 mm thick, these measurements showed compression 
rates up to 50 mm per sec, which varied with the experimental conditions.



During each pass of the wheel, the compression started quite suddenly, and in
creased first linearly with the time, and then at a lower rate. After that, the com
pression-time curve flattened out, and became almost parallel to the time axis. 
This process was followed by an abrupt decrease in compression, which eventu
ally led to complete compression recovery. The time of recovery was several 
times as long as the duration of the pressure pulse. An increase in the wheel speed 
caused an increase in the rate of compression, whereas an increase in the axle 
load had no significant influence on the rate of compression.

Studies of Compaction of Bituminous Surfacings

In the summer of 1965, the compaction of asphaltic concrete surfacings by 
rolling has been studied under different conditions on a number of test road 
sections. These tests were carried out strictly in accordance with a predetermined 
programme, and were then repeated in exactly the same manner in the autumn 
of 1965. Use was made of a conventional steel-wheel roller weighing 10 
metric tons and a vibratory steel-wheel roller weighing 4 metric tons. The 
rolling of a newly spread bituminous mixture was begun at a temper
ature prescribed in the test programme. The decrease in temperature of the 
surfacing was observed during a rolling period. Specimens for the determination 
of the voids content were taken after the completion of compaction. It is 
intended to take specimens from the surfacings on these test road sections at 
regular intervals in order to study the compaction caused by traffic.

Road Tests on Road Oils and Binders Whose Viscosity Comes between That 
of Road Oils and That of Penetration-Grade Asphaltic Cement

Tests have been made on road oils whose equiviscous temperature, i.e. temper
ature at 500 cSt, is higher than that of the oils used at present. It has been found 
that a road oil having an equiviscous temperature of 6o°C had performed well as 
a binder for oiled gravel. It is highly probable that this type of road oil will be 
substituted for that which is generally used, and which has an equiviscous 
temperature of 47°C. On secondary roads which have to handle comparatively 
large traffic, but which have a moderate bearing capacity, tests have been made 
on a type of bituminous binder whose properties come between those of a road 
oil and a penetration-grade soft bitumen. So far, this binder has proved to be 
satisfactory.

Road Foundation Department

Bearing Capacity and Methods of Design and Construction of Roads and 
Runways

Optimum Axle Loads in Road Transportation

In order to provide a basis for estimating the economic effects produced on 
road transportation by the use of vehicles of various types, the Road Foundation



Department presented in i960 a method of calculating the optimum axle load 
in a simple case, e.g. where a given quantity of goods, say, ore, is to be trans
ported over a given length of road. This method of calculation was subsequently 
extended in 1961 so that it might also be applicable to the solution of 
more general problems which relate to transportation of different quantities of 
goods over a road system. The above-mentioned methods of calculation have 
been further developed during the financial year 1965— 1966 so that they might 
be used for even more general applications. The methods in question will be
published in the Proceedings of the Institute.

Dynamic Testing Methods for Determination of Bearing Capacity

During the financial year under review, the Department has continued the 
development work on the method of determining the bearing capacity of roads 
by generating deformation wave motions of a known frequency and a known 
amplitude in the various layers which constitute the pavement, and by measur
ing the velocity of propagation of the resultant waves, which is a function of the 
mechanical properties of each individual layer. On the basis of the experiences 
gained in the application of this testing method, the equipment which had been 
briefly described in Institute Report No. 46 A has been extended by new com
ponents designed for frequencies up to 5 000 cycles per second.

Measurements have been made by means of this equipment on test roads, on a
motorway under construction etc.

Design and Construction of Pavements

On request, the Road Foundation Department has submitted proposals for design 
and construction of various pavements for axle loads up to 50 metric tons.

Just as in the past few years, the Department has taken part in the discussions 
conducted by the Forest Road Committee of the Royal Swedish Academy of 
Agriculture and Forestry concerning low-cost forest roads and programmes for 
future forest road research.

C H LO E Profilometer

During the warm seasons of the years 1963 and 1964, measurements have been 
made with the CFILOE Profilometer, i.e. the equipment for determining the 
longitudinal profile and the Present Serviceability Index (PSI) of roads, which 
had been purchased in the United States. Brief descriptions of this equipment, 
the associated theory of measurements, and the procedure in measurements, 
together with some results of measurements, have been published in Institute 
Reports Nos. 43 A, 45 A, and 46 A.

In these measurements, the Profilometer, which is about 7 m m  length and 
small in height, and which is towed by a motor vehicle, had to be hauled at 
a low speed, not above 10 km per h, along with regular road traffic. As early 
as at the beginning of the 1965 season, in spite of the rigorous measures which



12

Fig. i. Load test vehicle used by the National Swedish Road Research Institute for pulsating 
loads up to 15 metric tons and for static loads up to 20 metric tons. This vehicle is equipped 
with an oil-operated hydraulic jack, an oil pump, an electric generating set, as well as with

control and safety devices.

had been taken for its protection, the Profilometer was so heavily damaged 
by an overtaking and passing vehicle during measurements on a test road that it 
remained unfit for use until May 1966 owing to extensive repairs as well as 
to time-wasting purchase of some new parts.

Load Tests on Roads

In 1963, the Road Foundation Department began to use a load test equipment 
which can be employed for pulsating loads up to 14 metric tons and for static 
loads up to 20 metric tons on steel plates of different size, usually 28, 40, 56, 
and 80 cm in diameter. This equipment is utilised for testing the bearing 
capacity of road pavement structures of various types. The equipment in 
question comprises an oil-operated hydraulic jack, a pump unit, an electric 
generating set, as well as control and safety devices, and is mounted in a two-axle 
trailer, which has a wheel base of 5.74 m, see Fig. 1. The requisite counter
pressure is produced by two heavy I beams, two concrete cubes and five water 
tanks, which rest on the frame of the trailer. Furthermore, this equipment 
includes a reference beam, about 4.8 m in length, and instruments for measuring 
the movements of the road surface in relation to the reference beam at different 
distances from the centre of the bearing plate when the plate is subjected to a 
load.

The experience in using this equipment is still very limited, particularly as 
regards the electric generating set, but also in respect of the hydraulic com
ponents, which are submitted to heavy stresses during long periods and at close 
intervals. For this reason, in order to test the equipment in question, the De
partment has carried out load tests in 1963 and 1964 on courses made of various



road construction materials, which were spread on the floor of the laboratory. 
These tests have successively led to some modifications and alterations of the 
equipment.

During the warm season of the year 1965, pulsating load tests were made 
at a number of test points on one of the smaller runways in the Bromma 
Air Port, Stockholm. In these tests, the minimum number of load applications 
to the 80-cm bearing plate was 2 020, and the maximum number was 19 275, 
while the minimum number of load applications to the 40-cm bearing plate 
was 5 600, and the maximum number was 10750 . The maximum load was 14 
metric tons. During the load tests, the movements at the points of support of the 
reference beam were observed by means of precision levelling and with the 
aid of measurements with a Benkelman beam. The tests were performed day 
and night. The wind and weather conditions were logged, and the temperatures 
of the air and the pavement were measured and recorded with a thermograph. 
Disturbances occurred in the electric power supply as well as in the hydraulic 
system and in the safety system. The observations made in these tests have 
served as a basis for some alterations of the equipment, which were carried out 
during the cold season of the years 1965 — 1966.

At the request of the City of Stockholm Highway Authority, the Department 
has made load tests on two man-hole structures and two gulley-hole structures 
which had been built by the Highway Authority in a test area. The covers of 
these structures rested on thick layers of asphaltic concrete and hard asphaltic 
concrete, which differed in thickness. The load tests were carried out, first, 
when the surface temperature of the asphaltic concrete was equal to the temper
ature of the air, and secondly, when the surface temperature of the asphaltic 
concrete had been raised to about + 5 0 °C  by radiation from electric heating 
elements. These structures were submitted to static loads up to 5 metric tons. The 
duration of maximum load application was 9 min for the man-hole structures 
and 29 min for the gulley-hole structures.

During the financial year 1964— 1965, the Department started measurements 
with a view to a comparison between the plate bearing test method and the 
wheel loading test method in order to study the applicability of the latter 
method, which is the simpler of the two, to the determination of the bearing 
capacity of roads. The deformation measurements included in the application 
of the wheel loading test method were made by means of a Benkelman beam, 
and various procedures in measurements which had been evolved in the United 
States, Canada, and Denmark were studied in this connection. The Benkelman 
beam and the associated measuring procedure have been described, and the 
results obtained from the measurements with this beam have in part been 
presented in Institute Report No. 46 A. The comparative measurements have 
been continued in the course of the financial year under review, and other 
procedures in measurements have also been tested. The relation between the 
values of the modulus of subgrade reaction obtained by means of the two 
methods under consideration was found to be on the whole in agreement with 
that which is shown in Fig. 3 in Institute Report No. 46 A.



Surveys of Existing Roads and Proposals for Their Strengthening 
for Transport of Heavy Equipment

As may be seen from previous Annual Reports of the Institute, the Road 
Foundation Department is often requested to investigate the necessary conditions 
which must be fulfilled in order that given roads may be used for transporting 
exceptionally heavy loads in which the total weight of the carriage and the 
pay load can exceed 300 metric tons. In particular, in urban districts, towns, 
and cities, the transportation of such loads can involve considerable risks of 
damage to the water supply mains, sewers, and surface water drains, and this 
damage can have very far-reaching consequences. At the request of the Syd
svenska Kraftaktiebolaget (South Swedish Power Co., Ltd.), the Department 
has previously carried out an investigation in order to find out to what extent 
measures would have to be taken for strengthening the road from the Mörrum 
Railway Station to the Hemsjö Transformer Station so as to render possible 
the transportation of a total weight of 320 metric tons. In the financial year 
1965 — 1966, this investigation was supplemented with additional studies, which 
comprised an estimate of the risk of damage to the underground conduit 
system in the streets to be used for carrying this load in the urban district of 
Mörrum, as well as the preparation of a proposal for appropriate measures to 
be taken in this connection.

Determination of Compaction Properties and Bearing Capacity 
Characteristics of Various Soils

In addition to the tests which have been made in order to determine the bearing 
capacity of various soil materials at different values of the weight per unit 
volume and the moisture content by means of the Institute apparatus for 
measuring the modulus of elasticity, the Road Foundation Department has 
also continued the tests carried out by the aid of the pulsating load test appa
ratus for a maximum load of 100 kg on plates, 20 cm2 in area, which had 
been designed and provisionally constructed in the Mechanical Department of 
the Institute. The tests performed with the help of the latter apparatus were 
made on compacted samples of morainic soil, sand, and base gravel1. Some 
samples used in these tests were subjected to more than 50 000 load cycles. The 
apparatus in question has been partly altered and improved in the course of the 
financial year under review. At the present time, this equipment comprises not 
only an electro-hydraulic pressure device, a loading unit, and a programmer, 
but also an electric pressure transducer, a displacement transducer of the differ
ential transformer type, and recording devices. The load range of the apparatus 
is at present 20 to 100 kg.

1 The term “ base gravel” is used to designate a gravel which has such a composition and
properties that it complies with the requirements for unstabilised gravel bases specified in the 
recommendations of the National Swedish Road Board.



During the financial year 1965 — 1966, the Department continued the labora
tory tests mentioned in Institute Report No. 46 A  which were made with 
a view to determining the maximum unit weight and the optimum moisture 
content of soil materials by compacting the sample with a vibratory tamper in 
a cylindrical mould clamped in an anvil whose weight can be varied.

A series of load tests were carried out on mineral wool slabs which differed 
in thickness, hardness, and make. These slabs were tested at different loads, 
overloads, and moisture contents. The test equipment included the Institute 
apparatus for measuring the modulus of elasticity, among others.

Soil Stabilisation with Bitumen, Cement, or Lime

The measurements which the Road Foundation Department had made during 
the past few years on base test roads in order to find out whether any changes 
in the roughness and the bearing capacity of these roads had taken place have 
been repeated in the course of the financial year 1965 — 1966. The roughness 
was measured in a longitudinal direction, with a Type M/47 roughness tester 
of the Institute, as well as in a transverse direction, with the CHLOE Pro
filometer or with a straightedge and a dial gauge. On Brista Base Test Road, 
the roughness in a longitudinal direction was also measured with the CHLOE 
Profilometer. Just as in the preceding years, the bearing capacity was determined 
by means of load tests, which were made up to a maximum load of 5 metric 
tons on four of the base test roads during the financial year 1965 — 1966.

On Nykroppa Test Road, which forms part of Road No. 64, and which had 
been planned in the past financial year, see Institute Report No. 46 A, the 
course placed immediately beneath the sub-base has been stabilised with lime, 
and test road sections, which differed in the thickness of the sub-base, were then 
constructed on this course. The roughness and the bearing capacity, as well as 
the frost heave, will be determined by repeated measurements on this test road. 
Since the autumn of 1965, the moisture content has been recorded at different 
levels throughout the thickness of the road structure. This test road has primarily 
been constructed in order to find out whether the improving effect produced on 
the bearing capacity by soil stabilisation with lime is so great that the thickness 
of the pavement structure on a subgrade of that type can be reduced.

For the same purpose, the construction of a small lime stabilisation test road 
on Road No. 619 was started in October 1965. The measurements on this test 
road will begin as soon as it is completed. In order to study the development 
of the binding effect with the time in soil stabilisation with lime, undisturbed 
samples have been taken from those surface courses immediately beneath the 
sub-base which had deen stabilised with lime, as well as from those which were 
not stabilised. These samples were stored for different periods of time during 
which they were either buried in the surface courses directly below the sub-base 
or kept in moist air at a temperature of + 2 0 °C , and were then used for the 
determination of the modulus of elasticity in the laboratory apparatus of the 
Road Foundation Department. Furthermore, with a view to studying the de



velopment of the binding effect, full-scale load tests were also made directly 
on the lime-stabilised courses beneath the sub-base i to 7 days after the com
pletion of stabilisation.

An article by B. örbom, Cement-Stabilised Bases— Experiences Concerning a 
German Test Road, has been published in the reviev Gullkornet, in April 1966.

Geological Department

Frost Research 

Longitudinal Frost Cracks

Öjebyn 1958 Test Road and Räktfors 1958 Test Road , County or Norrbotten, 
have been designed and constructed for the purpose of studying longitudinal 
frost cracks in roads. Both these roads are provided with plano-convex peat 
courses, see Fig. 2. In conformity with the design, the thicknesses of the peat 
courses at the centre of the road were to be 15, 25, and 35 cm on öjebyn Test 
Road, and 20, 30, and 40 cm on Räktfors Test Road. The subgrade of öjebyn 
Test Road consists of a clayey silt to fine mo sediment, and that of Räktfors 
Test Road comprises a sediment of the same type, as well as a layer of old road 
materials.

Field observations on these two test roads have been made during the years 
1958 to 1963.

No longitudinal frost cracks have been formed on öjebyn Test Road. I f 
the change in camber is assumed to be a sensitive measure of the liability to 
frost crack formation— an assumption which has proved to be correct in other 
tests—, then it may be stated that on this test road, which rests on thick strata 
of clayey silt to fine mo sediments, the pavement structures which do not 
include any peat courses, or those which comprise only thin plano-convex peat 
courses (about 15 cm in thickness at the centre of the road), were found to be 
slightly liable to frost crack formation, whereas those pavement structures 
which include thicker plano-convex peat course (25 to 35 cm at the centre of 
the road) were not liable to frost cracking.

On Räktfors 1958 Test Road, all road sections, that is, even those which 
were provided with peat courses, exhibited longitudinal frost cracks. In other 
words, the peat courses, which were intended to counteract the development of 
frost cracks, did not prove to be fully effective. This may be due to the two 
causes which are stated in what follows.

1) The actual peat courses did not have the perfect plano-convex shape which 
they should have in accordance with the design. See Fig. 2.

2) The old road on which this test road was constructed had already a longi
tudinal frost crack along the centre line, which had primarily been caused 
by he fact that the road structure was heterogeneous in a transverse direction 
since the subgrade comprises a soil material which is highly liable to frost



Fig. 2. Soil profiles, öjebyn 
1958 Test Road (top). Räktfors 
1958 Test Road (bottom).

heave, and which forms a longitudinal ridge along the centre line of the 
road. Moreover, the subgrade itself consists of sediments which are markedly 
liable to give rise to formation of frost cracks.

Non-Uniform Frost Fleave

Field investigations have been started on some road sections which are sus
ceptible to non-uniform frost heave, viz., Bye—Fröland, E 4 Road, and Sunnan- 
sjö—Sörgissjö, Road No. 352. The road sections under test have been provided 
with instruments for the observation of frost conditions and ground water con
ditions, and measurements are in progress.

Test Roads and Other Field Tests

Field investigations which comprised observations of the frost conditions and 
ground water conditions, measurements of road surface profiles, and sampling 
by boring have been continued in conformity with the respective test programmes 
on Broängen 1961 Test Road, County of Norrbotten, which is provided with a 
gravel course varying in thickness, on Nordmaling A 1961 Test Road, County 
of Västerbotten, which is equipped with an insulating bark course varying in 
thickness, on Nordmaling B 19 6 1 Test Road, County of Västerbotten, which 
comprises a morainic soil sub-base varying in thickness, on Sad 1962 Test Road,

>. • jr . j Crushed gravel 

G rave lly  sand 

O ld road material

1

A A

Silty fine mo to fine-moey silt

C layey silty fine mo to clayey fine- 
moey silt

Sandy morainic soil 

Peat



County of Jämtland, which is provided with an insulating mineral wool layer 
differing in thickness, and on a test road section at ] ärvsö, County of Gävle
borg, which is likewise equipped with an insulating mineral wool layer.

Laboratory Investigations

During the financial year 1965 — 1966, about 2 800 samples have been tested 
for particle size distribution, moisture content, clay content, etc., in the Soil 
Laboratory of the Geological Department. These routine test procedure most 
frequently afford a sufficient basis for an indirect evaluation of the frost sus
ceptibility of a soil. In certain cases, however, it is necessary to study directly 
the relation between the load, the pore water pressure, and the rate of frost 
heave in order to form a sufficiently accurate picture of the frost characteristics 
of a soil. The equipment used for the tests in question has in part been altered 
during the financial year under review. The new features include, among other 
things, fully automatic recording of the relevant quantities. Furthermore, a 
special device has been designed and constructed for preparation of specimens 
having a low moisture content and a high degree of compaction, which are to 
be employed for freezing tests.

An instrument which is intended to be put down in the protective tubes 
used for conventional frost depth indicators has been designed for measuring 
soil temperatures. This instrument consists of five thermistors, which are 
attached to a nylon rod, 2.5 m in length, and are uniformly distributed over 
the length of this rod. Tempearture equilibrium is reached about 30 min after 
the rod has been inserted in a hole made for a frost depth indicator, and the 
accuracy in readings under these conditions is about ±  o .i°C .

Soil Surveys by Means of Aerial Photograph Interpretation

In order to demonstrate the possibilities of route selection which takes into 
account the types of soils, a geological soil map has been prepared by the 
Geological Survey of Sweden on the basis of aerial photograph interpretation 
and field surveys carried out along a strip of terrain around the Varuträsk— 
Strömfors section of Road No. 94, County of Västerbotten. Fig. 3 reproduces 
a part of this map, and shows the irregular distribution of the frost-susceptible 
silt sediment. As is seen from Fig. 3, the above-mentioned road is built on this 
widely varied frost-susceptible subgrade, and is therefore predisposed to damage, 
such as non-uniform frost heave and formation of frost cracks. So far as the 
subgrade is concerned, it would have been better to locate this road in the area 
which consists of morainic soil alone.

Furthermore, the Geological Survey of Sweden has been entrusted with aerial 
photograph interpretation and preparation of a soil map of an area along the 
valley of the Utterån River, around the road section Gottne— Gålberget, County 
of Västernorrland, in an early phase of design of this road. The road project



in question affords good possibilities of determining the route so as to take 
account of the soil and terrain conditions. This map furnished valuable infor
mation, e.g. on the presence of an esker which extends continuously or with 
small interruptions along the river valley, and which either constitutes an 
excellent subgrade for road construction or can provide a first-class road con
struction material. The detection of thin strata of frost-susceptible sediments 
overlying a morainic soil is of special importance in this connection because 
this soil structure often gives rise to longitudinal frost cracks as well as to non- 
uniform frost heave.

Soil maps of the above-mentioned type afford a reliable basis for estimating 
the most appropriate road location with reference to the soil types which are 
met with in the region under consideration. Moreover, these maps give an 
accurate picture of the areas which involve the risks of formation of longitudinal 
frost cracks in roads (e.g. areas where thin strata of silt are deposited on 
morainic soil) and non-uniform frost heave (e.g. areas of abrupt transition 
between different frost-susceptible soils). In addition, the results of soil mapping 
can also be used to find out where the morainic soil cover is thin, and thus to 
locate terrain areas where the bedrock protruding through the soil may be 
expected to appear in cuts. The petrographic characteristics of the morainic soil 
which occurs in a given area can sometimes serve as a guide in ascertaining 
whether the boulders which are met with on the surface are also to be found 
in the interior of the morainic soil. Soil maps can moreover draw attention to 
the areas which can give rise to problems associated with soil mechanics, and 
can indicate the occurrence of deposits of sand and gravel for road pavement 
construction. Furthermore, in final soil exploration, which is carried out after 
the route has been determined, the soil map provides useful information which 
shows where accurate soil exploration may possibly be required, and where, on 
the other hand, the sampling points can be spaced less closely. The borings, 
which are relatively expensive, can thus be reduced to a minimum.

Investigations of Aggregates 

Strength

The results of several investigations which deal with the determination of the 
strength of aggregates by means of the aggregate impact test and the Los Angeles 
abrasion test, as well as with the particle shape of aggregates, have been sum
marised in Special Report No. 41 of the Institute. It is primarily the various 
factors involved in the test procedures that have been studied in this connection. 
The aggregate impact test is used in road research laboratories in all Scandinavian 
countries, but the construction and the set-up of the test equipment can vary 
considerably. This is probably the reason why the reproducibility of the results 
obtained in different road research laboratories has not always been satisfactory. 
An investigation has therefore been started with a view to standardisation of 
the equipment employed for the aggregate impact test. Several designs of the 
falling weight and the plunger, as well as various set-ups, have been tested up



to the present time, and the test results have proved to be in a high degree 
dependent on these factors.

Other investigations comprised, for example, comparisons between the values 
of the strength of aggregates under dynamic and static stresses. It has been 
found that the aggregate impact test as well as the Los Angeles abrasion test, 
which both provide an expression of the impact strength of the aggregate, can 
give misleading results in some cases. Both these tests should therefore be 
supplemented with a petrographic analysis.

Polishing of Roadstones

Owing to growth of traffic, the aggregates in the wearing surfaces are exposed 
to ever increasing stresses. During the past few years, in countries other than 
Sweden, great attention has been given to the polishing effect of the motor 
vehicles on aggregates. It has been found that the wearing and polishing action 
of motor vehicle tyres on the surfaces of aggregates in the summer-time is one 
of the causes of a great reduction in the friction between the tyre and the 
pavement surface in the wet condition. The investigations made by means of the 
British Accelerated Polishing Machine and the Skid Resistance Tester which 
had previously been begun at the Institute were continued in the financial year 
1965 — 1966. These investigations dealt with the petrographic factors that de
termine the polishing characteristics of aggregates and those changes in the 
“ topography” , i.e. texture, of the aggregate surfaces which take place after these 
surfaces have been submitted to the traffic action of rubber-tyred wheels. Some 
modifications of the above-mentioned British laboratory methods have been 
tested. It was found that the observed values and the sequence of samples 
arranged in a series according to their polishing characteristics are in a high 
degree dependent on the procedure used in the polishing test, and that the 
results obtained by means of different methods in different laboratories are 
not directly comparable. Usually, it was the fraction 8 to 11 .3  mm of the 
aggregates that was studied, but subsequent investigations have also covered sand 
fractions of natural and synthetic materials, with epoxy resin used as a binder.

In the winter-time, the aggregates are subjected to particularly heavy stresses, 
especially those due to motor vehicles which are provided with studded tyres, 
but also those which are caused by freezing and thawing, as well as by the use 
of salts and abrasives for treatment of icy pavements. It seems to be probable 
that the polish of the aggregates which may possibly have been produced in the 
summer is rapidly dulled in the winter. Therefore, the results of investigations 
made in other countries, which were obtained under different climatic conditions, 
are not directly applicable in Sweden. Investigations have been started for 
the purpose of determining the changes of aggregates under actual road con
ditions. For instance, studies have been made of cores which had been drilled 
from road pavements before and after they were subjected to traffic tests in 
the experimental road machine of the Institute.



Other Investigations

Soil explorations have been carried out on the road sections Morjärv— Räktfors 
and V arutr äsk—Ström for s. They included mapping of soil conditions in the 
surroundings of these road sections, as well as an investigation of the structure 
of the road pavement and its subgrade. A  report which discusses the causes of 
the frost cracks and the non-uniform frost heave that occur on these roads has 
been drawn up, and a proposal for remedial measures has been prepared.

Soil explorations have also been made on the road section Näskott— Trångs- 
viken. The results obtained from these explorations are intended to serve as a 
basis for estimating the protective measures required for prevention of frost 
cracks and non-uniform frost heave.

An investigation of the road structure has been made at Hushagen, Road No. 
49 , Skara—Skövde, which had been heavily damaged during the thawing period 
in 1965. The results of this investigation, showed that the causes of this damage 
may primarily be assumed to be a consequence of severe disintegration by 
weathering of the shale that enters into the gravel which is used in the sub-base. 
Accordingly, the fines content of this gravel has greatly increased, with the result 
that the gravel has become frost-susceptible.

Investigations of sand- and graveldeposits have been carried out in order to 
evaluate the probable total quantities of aggregates which may be produced from 
these sources. The investigations in question were to a large extent made by 
means of the earth resistivity method. They took place at Danbyholm , County 
of Södermanland, at Bälingeberget, County of Norrbotten, at Åkerby , City of 
Enköping, and at Snörom, County of Uppsala.

Mechanical Department

Ice Melting by Means of Water Vapour

As a rule, the skidding resistance of road pavements which are slippery in the 
winter-time on account of ice formation is improved by treatment with sand 
or with some agent which depresses the freezing point, primarily sodium chloride. 
Since these procedures involve certain drawbacks, other de-icing methods should 
also be investigated.

If heat is supplied to an ice layer 011 a road, then the ice will melt. The most 
natural method of heat supply would seem to be to force a current of hot 
combustion gases on the ice surface. However, the coefficient of heat trans
mission for gases is low (5 to 100 kcal per m2 per h per °C). Consequently, 
since the area of heat transfer is given, a long time of contact, or a great temper
ature difference between the gases and the ice, would be required in order to 
transmit a certain definite quantity of heat to the ice. On the other hand, the 
coefficient of heat transmission for condensing water vapour is high (5 000 to



i o ooo kcal per m2 per h per °C), and it can therefore be more appropriate to 
generate steam by means of the combustion gases, and then to melt the ice 
with this steam.

In the ice melting tests which have been carried out by means of this method, 
use was made of a sheet metal box which was open at the bottom. Dry, saturated 
steam was admitted to this box, and was distributed through a set of nozzles. 
The box was moved in the longitudinal direction of the road at a constant 
speed. The water vapour was supplied from a movable steam cleaner, which 
was equipped with a device for generation of dry, saturated steam. This ex
perimental set-up had an ice-melting capacity of about i ooo m2 of ice at o°C, 
i mm in thickness, per hour. For practical use, however, an equipment having a 
considerably higher capacity would be required.

The water produced by the melting of the ice must be prevented from freezing 
again on the road surface. Work is in progress on the design of a device for 
removing this water from the pavement surface.

Friction Investigations

Friction Measurements at High Speeds

The speeds of private cars and light lorries have been progressively increasing. 
For example, the spot speed measurements which had been made on some 
sections of E 4 Road, see Institute Report No. 43 A, pp. 72 and 73, showed that 
the speeds of vehicles of these two types had increased on an average by about 
1 km per h per year during a period of five years, and that the speeds of about 
75 per cent of the total number of private cars and light lorries on the road 
sections under observation were higher than 80 km per h at the end of this 
five-year period.

Up to the present time, routine measurements of friction at speeds exceeding 
80 km per h in Sweden have been carried out in exceptional cases only. How
ever, it seems to be necessary that such measurements should also be performed 
at considerably higher speeds, on some roads perhaps up to 150 km per h.

The Mechanical Department has made a series of friction tests on a section 
of E 4 road, which was blocked to traffic. The surfacing, which consisted of 
newly spread Type Ab 12 t dense asphaltic concrete that had not yet been 
exposed to traffic, was sprinkled with water by means of a stationary sprinkler 
equipment during the tests. The friction measurements were carried out with a 
Type BV 8 Skiddometer, which has been described in Institute Reports No. 41 A, 
p. 49, and No. 43 A, pp. 46 to 48. By using a series of different outer wheels in 
successive order, the friction was measured at several values of the slip, which 
ranged from 6 to 25 per cent. Moreover, the friction measurements were also 
made in the locked-wheel condition. The tyres employed in these tests were 
of two types, viz., an ASTM  Pavement Test Standard Tyre and a type of tyre 
for use in ordinary traffic.



Relation between Frictional Characteristics of Pavement Surfaces 
and Braking Ability of Motor Vehicles

As an introduction to a series of investigations dealing with the relation between 
the frictional characteristics of pavement surfaces and the braking ability of 
motor vehicles, friction measurements by means of a Type BV 8 Skiddometer 
have been made in the winter of 1965 — 1966 at the same time as braking tests 
including deceleration measurements were carried out with the Type DF 1 
dynamic test vehicle of the Department, see a brief description of this vehicle 
in Institute Report No. 45 A, pp. 31 and 32. These measurements were per
formed in an air field, where an ice-covered take-off runway was available.

The friction measurements with the Type BV 8 Skiddometer were made at the 
optimum slip and in the locked-wheel condition. The travel speeds of the 
Skiddometer were equal to the initial speeds in the braking tests, viz., 30, 40, 60, 
and 90 km per h.

The braking tests carried out with the Type DF 1 dynamic test vehicle were 
of two types, viz., first, tests made during one to two seconds, with all four 
wheels locked, and second, tests continued to a stop, with only the front wheels 
locked and the rear wheels freely rolling. Two Tapley meters, which are simple 
maximum-indicating decelerometers of the pendulum type, were used in these 
tests, in addition to the accelerometers which enter into the equipment of the 
dynamic test vehicle itself.

In the braking tests of the first type, when the coefficient of friction is low 
and when the speed is moderate, the resistance to vehicular motion, e.g. the air 
resistance, may be regarded as constant in each individual test. Accordingly, 
the deceleration is also constant, and the utilized coefficient of friction can 
therefore be calculated after applying relatively simple corrections. In the 
braking tests of the second type, on the other hand, the calculation of the 
utilized coefficient of friction is considerably more complicated because the 
resistance to motion and the front axle load vary substantially in the course of 
braking. However, braking tests which start from a high initial speed, and 
which are made so as to maintain the vehicle in the same path, can scarcely be 
performed by means of any other method.

Studded Tyres

The results obtained from the investigations of studded tyres which had been 
carried out by the Department in the winter of 1962— 1963, in the summer of 
1963, and in the winter of 1963 — 1964 have been worked up during the fi
nancial year under review, and were published by the Institute in its Special 
Report No. 38, “ Studded Tyres” .

Driving and Braking Characteristics of Vehicle Combinations

The investigation of private cars with caravan trailers, see Institute Reports 
Nos. 45 A, p. 29, and 46 A, p. 42, which dealt with the dynamic driving charac-



teristics, the braking ability, and the steering stability during braking of these 
light vehicle combinations, as well as the study of the space of heavy vehicle 
combinations on curves, have been completed during the financial year 1965 — 
1966. Their results will be presented in a Swedish State Public Report and in 
one of the serial publications issued by the Institute.

Measurements of Tyre Characteristics

In order to be able to transmit forces in a lateral direction, a wheel of a motor 
vehicle must roll so as to form an angle with the direction of travel. This 
angle, which is dependent on the magnitude of the force to be transmitted, is 
called the slip angle. The relation between the lateral force and the slip angle 
is dependent on the type of tyre, the size of tyre, the inflation pressure, the 
wheel load, etc. To make it possible to determine the lateral force as a function 
of the slip angle, a measuring device has been designed and constructed in the 
Mechanical Department, and has been fitted on a Type BV 9 Skiddometer. This 
measuring device has so far been used to collect data on the tyres which were 
employed in the tests dealing with the dynamic driving characteristics of private 
cars with caravan trailers. These measurements were made at speeds up to 70 
km per h on outdoor tracks (air field runways) which were provided with 
bituminous surfacings.

Design and Construction of Equipment 

Processing Equipment for Results of Measurements

An equipment for processing records obtained from graphic instruments has 
been designed and assembled in the Department. This equipment, see Fig. 4, 
comprises a trace reader, an analogue-to-digital converter unit, both supplied 
by Southern Instruments, England, and two alternative read-out units.

The trace reader makes it possible to evaluate x and y  co-ordinates in an area 
50 by 30 cm in size to an accuracy that is better than 3 per mil. A  cursor sight 
with a reticle, which slides along guideways, can be moved over the whole 
working area. The reticle is adjusted so as to coincide with the point of meas
urement, and then its co-ordinates are sensed by two precision potentiometers, 
which are incorporated in the guideways. The trace reader can be used for paper 
strip charts having a maximum size of 60 m by 30 cm. In evaluating photo
graphs, graphs, and diagrams, they can be fixed on the trace reader by means 
of magnetic edge strips. The trace reader can be utilized in combination with a 
projector unit for evaluating film records. The guideway member can be 
automatically moved in the x direction in steps of 2.5, 5, 10, 25, and 50 mm 
each.

The analogue-to-digital converter unit transforms the analogue measuring 
signals emitted from the x and y potentiometers of the trace reader into numer
ical values, which are fed into the read-out units. In addition, the converter unit 
comprises a programmer, which is used for selecting the desired number of



Fig. 4. Equipment for processing results of measurements. From left to right: Trace reader, 
paper tape punch, keyboard, analogue-to-digital converter unit, with classifier unit, electric

typewriter.

channels, the range of measurements, and the place of the decimal point. This 
equipment is designed for a maximum number of 12 channels, and the range of 
measurements can be individually divided into 1 000, 2 000, or 4 000 units. 
The channel No. 1 is reserved for the x co-ordinate, so that 1 1  channels are 
available for the evaluation of the y co-ordinates.

The two alternative read-out units are an IBM 16 "  electric typewriter and a 
Friden Model SP 2 paper tape punch. The typewriter can be tabulated so as to 
produce tables which give the x co-ordinate in the column on the extreme left 
and a number of corresponding y co-ordinates in the same line. The tape punch 
is used together with a keyboard for punching the input data, e.g. date, iden
tification number, etc., on the paper tape.

The paper tape obtained from the punch can be passed through a tape reader, 
with an associated electronic sorter unit, which selects any one of the y co
ordinate channels as desired. The tape reader presents the results either by 
means of the electric typewriter or with the help of an adding machine, which 
gives the sum of the values of all y co-ordinates in the channel in question. To 
find the mean value of the y co-ordinates, this sum is divided by the number 
of values measured in the channels concerned.



A special classifier unit, which can be connected to any y co-ordinate channel 
as required, has been designed and constructed for use with the analogue-to- 
digital converter unit. This classifier unit groups the measured values in 21 
classes by means of 21 counters. The classifier unit makes possible a rapid 
presentation of measured values in the form of histograms or an approximate 
calculation of mean values and standard deviations.

Calibrating Device for Skiddometers

A  new calibrating device has been designed and constructed for Type BV 8 
Skiddometers. This device is simple to fit on the Skiddometer, and renders 
possible rapid and accurate moment calibration of the measuring system of the 
Skiddometer. For calibration, the test wheel is lifted, the clutches are held in 
engagement, and an abutment is provided for the drawbar of the Skiddometer. 
The moment lever has a radius of 320 mm, which is a close approximation to 
the height above ground of the centre of an ASTM Pavement Test Standard 
Tyre under normal test conditions at a speed of 60 km per h. In accurate meas
urements, the observed friction values must be corrected for the variation in 
the height of the centre above ground with the speed. This calibration device 
can replace the larger and more expensive calibration equipment which has been 
used previously, and which is based on the inclined plane principle.

Skiddometers

The Type BV  3 Skiddometer has been redesigned and its construction has been 
altered for a wheel load of 500 kg, as against the former 300 kg, in order that 
it may be used with ASTM Pavement Test Standard Tyres.

For the Type BV 9 Skiddometer, an auxiliary device has been designed and 
constructed for measuring the lateral forces which act on the test wheel when 
it is in an oblique position.

Traffic Department

Traffic ability of Roads

The purpose of the trafficability studies is to find the general relations between 
the speeds of motor vehicles and the engineering design of roads under various 
traffic conditions. The first phase is to determine the variations in these speeds 
with the design features of roads at a low traffic volume, and the second 
phase is to find out what reduction in these speeds is caused by an increase in 
the traffic volume, primarily on account of the fact that the possibilities of 
overtaking and passing become smaller. Furthermore, these studies comprise the 
determination of the increase in travel time which is due to the vehicles which 
enter and leave the road at intersections. An empirical model has been devised 
for the calculation of the average travel times at low traffic volumes. For higher 
traffic volumes, the traffic process is intended to be simulated by means of



Fig. 5. Flow chart for trafficability studies.

automatic data processing equipment. The model now under development is 
based on empirical relations describing the behavior of individual road users 
with reference to road and traffic conditions.

The chart reproduced in Fig. 5 shows the phases involved in these studies, 
their co-ordination with traffic safety research described below, and the practical 
utilization of their results.

Speeds

The speeds of motor vehicles have been measured, first, at individual points, 
and second, over road sections about 5 km in length (travel time measurements). 
Moreover, the changes in speeds of motor vehicles (due to curves, intersections, 
etc.) have been studied along road sections about 0.5 km in length. Up to the 
present time, some eighty points or road sections have been used in the above- 
mentioned measurements. The results obtained from these measurements have 
served as a basis for a model that is employed for theoretical calculations of the 
average speeds of private cars and light lorries at low traffic volumes on a 
surfaced two-lane road with moderate gradients. These calculations are based 
on data concerning the cross section of the road, the radii of the horizontal 
curves, the magnitude of the traffic flow, and the time reference (year). This



model shall be further developed, and shall be modified so that it may also be 
employed for the calculation of the speeds of heavy motor vehicles.

An article entitled Some Examples of Speeds and Lateral Placements of Motor 
Vehicles by S. Edholm has been published in Svenska Vägföreningens Tidskrift 
(Swedish Road Association Journal), No. 9, 1965.

Overtaking and Passing

Measurements dealing with the process of overtaking and passing have been 
made on some Swedish National Main Roads which differ in road characteristics 
and traffic conditions.

The primary results obtained from these measurements cover about 2 000 
vehicles which have overtaken and passed the test vehicle (private car). The 
methods of measurement and analysis used at present furnish the data enu
merated in what follows.
1) Type of overtaking and passing.
2) The speeds of, and the distances between, the vehicles during different 

manoeuvres involved in the process of overtaking and passing.
3) The distance to the nearest obstacle (object on the ground or meeting 

vehicle).
4) The durations of the different manoeuvres which constitute the process of 

overtaking and passing, and the time interval with reference to the nearest 
vehicle ahead after completion of overtaking and passing.

5) Road characteristics and traffic conditions during the period of overtaking 
and passing and during the car following.

The design of the measuring equipment for a change-over to integrated 
automatic data processing of primary results of measurements is in progress.

Behaviour of Road Users at Intersections

The studies relating to the behaviour of road users at intersections comprise, 
first, investigations of intersections regarded as elements which reduce the traffic- 
ability of roads, and second, investigations of those interactions between road 
users at intersections which involve traffic risks. The intersection regarded as an 
element which reduces the trafficability of the road has been submitted to an 
analysis. The problems to be studied in this connection can be summarized as 
follows:

1) How great is the difference in the average travel time between a road section 
without intersections and a road section which conforms to a corresponding 
geometric standard, but which is intersected by another road?

2) What relations exist between the travel time and the associated variables, 
such as the type of intersection, the traffic flow, the shares of heavy traffic 
in the different traffic streams, etc.

The equipment to be used for the field studies has been subjected to functional 
tests, and a method has been devised for evaluating and analysing the results of 
these studies.



Traffic Simulation by Means of Automatic Data Processing

A model for study of traffic on a two-lane rural road by means of simulation 
in automatic data processing equipment is in process of design.

The simulation is carried out in such a way that traffic conditions as well as 
road characteristics can be analysed. This may be exemplified by the following 
problems:
1) What effects are produced on the trafficability—expressed in terms of the 

average speed, the average travel time, or some other appropriate parameter 
—by the composition of traffic and by the traffic flow on a given road?

2) What changes in trafficability are caused (a) by local changes in road features, 
e.g. geometric design and standard, and (b) by the introduction of local 
speed limits?

3) What changes in trafficability are caused (a) by changes in the speed limits 
stipulated for different groups of vehicles, and (b) by the introduction of 
general speed limits?

The simulation model shall also afford a basis for calculations of the frequen
cies of traffic risks, e.g. by computing the frequencies of types of situations 
which give rise to conflicts, see Fig. 5. It is excepted that the investigations to 
be made with the help of this model during the next financial year will advance 
so far that the results of simulation will be available for analysis.

Traffic Safety

The Institute is studying the neccessary conditions for establishing a system of 
statistics which furnish information on the effects produced on road traffic 
accidents by the road environment and the characteristics of traffic in which 
they occur. One phase of these studies was an investigation which dealt with 
the effects of road environment and traffic characteristics on traffic accidents 
at three-way junctions on Europe Roads in non-urban areas. This investigation 
has been completed, and some of its results are mentioned in what follows.

No significant difference in the risk of accidents was found to exist between 
junctions with and without an island refuge in the intersection area of the sec
ondary (minor) road.

Junctions where the carriageway of the primary (major) road was wide or 
narrow exhibited equal risks of accidents.

At the junctions where the width of the carriageway on the major road is 
smaller than 6.75 m, the risk of accidents in connection with right turns from 
the major road or left turns from the minor road (this risk it denoted by Ri) 
on roads with side strips or verges is greater than on roads without verges. The 
risk Ri manifests a certain tendency to decrease as the width of the carriageway 
increases if the the road is provided with side strips, whereas the opposite is the 
case in the absence of side strips. Furthermore, the risk R i tends to diminish as 
the width of the side strip becomes greater. The risk of accidents in connection 
with left turns from the major road or right turns from the minor road (this 
risk is denoted by R2) is substantially smaller when the side strip is wide.
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The risk R x increases with increase in the sight distance A, that is, the longest 
free sight distance from a point on the major road to the junction on the assump
tion that the minor road is on the right. This increase in the risk can be attributed 
to the fact that the number of overtaking and passing manoeuvres becomes 
greater as the sight distance A  becomes longer. The risk Ro seems to be inde
pendent of the sight distance A. The values of the risk R i are relatively high 
at the junctions where the sight distance A as well as B are great. The sight 
distance B is defined in the same way as the sight distance A, but it is assumed 
that the minor road is on the left.

The risk of accidents at three-way junctions on straight road sections is greater 
than at those which are situated on curves or in their immediate neighbourhood.

The risk Ri increases as the radius of the curve becomes greater, and the 
values of this risk were found to be highest on curves where the superelevation 
was small.

A review of the foreign literature dealing with the effects of road environ
ment and traffic characteristics on road traffic accidents has been prepared at 
the request of the Swedish State Committee on Road Planning.

Interview Investigation of Road Traffic Accidents

The Traffic Department has carried out an interview investigation concerning 
the road traffic accidents which had occurred in the years 1963 and 1964. The 
interviews were conducted and the random samples were chosen by the National 
Swedish Central Bureau of Statistics, while their analysis was made by the 
Traffic Department. This investigation had a twofold object, viz., first, to study 
the representativity of the road traffic accidents which have been notified to 
the police, and second, to estimate certain costs in connection with road traffic 
accidents.

The total number of traffic accidents, exclusive of parking accidents, on 
Swedish public roads in 1964 has been estimated at 276 000 ± 1 2  per cent. 
All the estimated values given below are expressed with a confidence interval 
of 95 per cent. The number of accidents reported to the police was 66 000 +  18 
per cent. This number is closely in agreement with the official statistics. The 
number of accidents notified to insurance companies was 140 000 +  14 per cent. 
The number of accidents which have not been reported to the police or to in
surance companies was 128 000 ± 1 7  per cent.

The total number of accidents comprised 26 000 ± 2 8  per cent accidents in
volving injuries to persons and 250000 +  13 per cent accidents involving 
damage to property. Of the latter, 40 000 ±  21 per cent accidents have been 
reported to the police.

Change-Over to Right-Side Rule of the Road

A  study has been made of pedestrian behaviour in urban traffic at crossings. 
Motion pictures of the traffic were taken at pedestrian crossings at nine different 
places in Stockholm.

The lateral position of motor vehicles have been measured on Swedish and
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Danish roads in the summer of 1965 in order to find out, among other things, 
whether there are any differences between the lateral position of motor vehicles 
in Sweden (left-hand rule of the road) and in Denmark (right-hand rule of 
the road).

In the financial year 1965 — 1966 the Institute, in co-operation with the 
Swedish Council on Road Safety Research, has made investigations in order 
to estimate the probable effects which may be expected to be produced on traffic 
safety by different speed limits during the period immediately after the change
over. The Institute has been concerned with the part of this investigation dealing 
with urban traffic.

Since the road users are not accustomed to the right-side rule of the road, 
they will be particularly dependent on fully adequate optical guidance of traffic, 
and a study has therefore been made with a view to assessing the importance of 
this guidance in connection with the change-over.

Another investigation is concerned with the possible need of external rear 
view mirrors after the change-over.

In the spring of 1966, the Swedish Commission for the Introduction of Right- 
Hand Driving has formed a Follow-Up Group, whose terms of reference are 
to prepare a proposal for the organisation of the work for the purpose of 
following up the development of traffic safety during the period immediately 
after the change-over.

Equipment for Traffic Studies

At the present time, traffic engineering research is hampered by the fact that 
the measuring methods and equipment for observations in this field are un
developed. Traffic studies should be carried out in such a way as to make it 
possible to use integrated automatic data processing, that is to say, the requisite 
data should be collected in such a form that automatic data processing may be 
employed directly, without any intermediate manual stages.

Many-sided development work in this field is in progress and some examples 
are given below.

The vehicle-differentiating traffic counter has been further developed, e.g. 
in respect of discrimination between vehicle codes.

Accessory equipment enables the speed, the time interval between successive 
vehicles, and the lateral position of vehicles to be recorded on the punched 
tape, in addition to the type of vehicle. The vehicle detectors can consist of 
thin steel wires or pneumatic road tubes of a new type, which ensures a high 
accuracy and does not require any adjustment.

The vehicle-differentiating traffic counter can also be supplemented with 
an electronic equipment for recording axle loads and can be used together with 
the transportable electronic scales which are used for axle load measurements 
by the National Swedish Road Board.

A number of equipment units have been designed and constructed in order 
to produce a flexible and simple combined system of equipment to be used for 
various measurements.



1) Speeds and travel times.
2) Acceleration and deceleration.
3) Lateral distances of vehicles.
4) Time intervals between successive vehicles.
5) For special purpose the equipment can select certain definite types of 

vehicles.

A  camera equipment for traffic studies gives a picture of the traffic situation 
in each film frame and presents data regarding speed, time reference, etc., in a 
binary form.

Finally, a journey analyser, which is based on a new principle, has been 
evolved for discrete recording of associated values of different variables. This 
journey analyser records both distance and time on a punched tape, so that a 
highly accurate distance-time graph can be reconstructed. At the same time, 
various traffic events, which are manually marked in a coded form on the 
punched tape, can be integrated in the automatic data processing. The journey 
analyser will be used in studies of overtaking, traveltimes in towns, as time 
recorder etc.

Lengths and Speeds of Vehicle Combinations

The Traffic Department has completed the investigations dealing with the maxi
mum permissible speeds and lengths of vehicle combinations, which has been 
carried out in co-operation with the Mechanical Department.

Other Activities of the Institute

Connections Abroad

The Institute maintains extensive connections with various Research Institutes 
in this field. The exchange of publications has been continued as during previous 
years. The Institute has also received visits of several road researchers and 
others concerned with roads abroad.

Participation in Conferences, etc.

For studies, participation in conferences, etc., several staff members of the 
Institute have made journeys to Austria, Canada, Denmark, Federal Republic 
of Germany, Finland, France, Great Britain, Italy, Norway, and U.S.A.

Stockholm, September 1966.

TH E N A T IO N A L SW EDISH RO AD  R ESEA R C H  IN ST IT U T E

Nils G. Bruzelius
Director
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