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Annual report of the 
National Swedish Road Research Institute
(Statens väginstitut)

for the financial year 1966—1967

Board

T h e  B O A R D  o f  THE  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



6

Staff

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

Staff engaged in

D e p a r t m e n t  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 1 1

Department Chief: H arry 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
T raffic 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 1966— 1967:



Proceedings:

93. Dynamic Driving Characteristics and Braking Ability of Passenger
Cars with Caravan Trailers, by G. Kullberg, O. Nordström, G. 
Magnusson, and C. Form gren ................................................................  *9^7

Reports (Printed):

47 A. Annual Report of the National Swedish Road Research Institute
for the Financial Year 1965— 1966 (in English).................................  1 9^7

Special Reports (Mimeographed):

43. Study Tour Experiences from Canada, 1965, by R. Gandahl . . . .  1966
44. Investigations of Frost Action on Räktfors 1958 Test Road, Road 

No. 98, County of Norrbotten, in the Period from 1958 to 1963,
by R. G a n d a h l..........................................................................................  1966

45. Polishing Characteristics of Aggregates. Summary of Available
Methods. Experiences Based on Tests, by P. H ö b e d a .................... 1966

46. Lateral Distribution of Motor Vehicles on Carriageways. Review
of Literature, by L. Bondestam ..........................................   l 9&7

47. Investigation of Motor Vehicle Brakes, by G. Kullberg, O. N ord
ström, and G. Magnusson ..................................................................... 1 9^7

48. Statistical Analysis of the Ability of Passenger Cars to Utilise 
Available Road Friction in Braking, by G. Kullberg and B. Broome 1967

49. Braking Action of Studded and Non-Studded Aircraft Tyres, by
G. Kullberg and E. Ohlsson ................................................................  1 9^7

50. Investigations of Frost Action on Klinten A i960 Test Road, E 4 
Road, County of Norrbotten, in the Period from i960 to 1963,
by R. G a n d a h l ..........................................   1 9^7

51. Investigations of Frost Action on Klinten B i960 Test Road, E 4 
Road, County of Norrbotten, in the Period from i960 to 1964,
by R. G a n d a h l..........................................................................................  1 9^7

52. Investigations of Frost Action on Klinten C i960 Test Road, E 4 
Road, County of Norrbotten, in the Period from i960 to 1963,
by R. G a n d a h l ..........................................................................................  *9^7

53. Investigations of Frost Action on Brännland A and B i960 Test 
Roads, Road No. 90, County of Västerbotten, in the Period from
i960 to 1963, by R. G a n d a h l................................................................  1 9^7

54. Edsvalla 1966 Test Road. Report on Construction,
by L.-O. Svensson ......................................................................................  1 9^7

Papers Published in Periodicals:

B. Örbom, Swedish Experiences Concerning Road Construction Engineering 
Properties of Cement-Bound Bases, Proceedings of the Inter-Scandi-
navian Road Engineering Union, No. 10, 1966.



B. Örbom, Cement-Bound Bases and Concrete Pavements on British Motorways, 
Swedish Road Association Journal (SVT), Nos. 8 and 10, 1966, No. 2, 
1967.

F . Rengmark, Aspects on Pavements Designing, SVT, No. 8, 1966.
R. Gandahl, Regional Measurements of Depth of Frost Penetration on Roads, 

SVT, No. 10, 1966.
R. Gandahl, Notes on Study Tour in Canada, Autumn of 1965, SVT, No. 2, 

1967.
R. Gandahl, Frost Action—You Ffave to Take the Bad with the Good, Industri

tjänstemannen, No. 3, 1967.

Research and Investigation W ork at the Institute

During 1966— 1967 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. During this financial year, a long-range plan for 
the activities of the Institute has been prepared by means of the PE R T  method.

Technical Office

The calculations published in Proceedings No. 92 of the Institute, Optimum 
Axle Loads, are illustrated by examples which are based on an assumed 
quantity of goods to be transported as well as on an assumed park of vehicles. 
These assumptions are not in agreement with the existing practical conditions, 
but may be regarded as permissible in so far as they make it possible to draw 
conclusions of a purely general nature concerning the relation between the 
cost of transportation and the axle load. In order that it may be possible to 
judge whether a higher bearing capacity standard for the road system in the 
future is justifiable from the standpoint of transportation economy, the examples 
used to elucidate the calculations in question must be based on assumptions 
which are adapted so far as possible to conditions that are true to reality. 
This requires special studies because the available data on quantities of goods 
transported, pay loads, etc., on various roads have been adequately analysed. 
The Institute has attempted to evaluate the available data, and has concentrated 
in this connection on the results obtained from the axle load measurements 
with a view to estimating the quantities of goods transported, etc. Furthermore,



the Institute has also studied the costs of roads reported by the National Swedish 
Road Board in order to estimate the increase in road costs which is caused by 
higher axle loads. These road costs and the data collected in axle load measure
ments have served as a basis for drawing up the following two sub-reports:

1) Axle Loads and Transportation Economy
This report was prepared at the request of the Swedish State Committee on 
Road Planning, and has been distributed to its members only.

2) Quantities of Goods to Be Transported and Volume of Goods Transportation 
on Swedish Roads

This report is preliminary, and will therefore be elaborated prior to publication. 

Technical Documentation Centre and Library

The Technical Documentation Centre (abbreviated Tedoc) has continued the 
preparation of abstract cards (standard size A 6) during the financial year 
1966— 1967. At present, the total number of abstracts is about 7 500. The 
abstract cards, which are indexed in accordance with the Universal Decimal 
Classification (UDC), have been supplemented with abstracts which are kept 
in special files, and which were obtained from several sources, e. g. from Doku
mentation Strasse.

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., has continued, among 
other activities, its work on International Road Research Documentation 
(I.R.R.D.) in 1966— 1967. During the financial year under review, the Institute 
received about 8 000 abstracts (standard size A 4) from the three main docu
mentation centres, viz., the Laboratoire Central des Ponts et Chaussées, Paris, 
France, the Road Research Laboratory, Crowthorne, England, and the For- 
schungsgesellschaft fiir das Strassenwesen, Cologne, Federal Republic of Ger
many. In conformity with a previous agreement, the Institute has prepared its 
own abstracts, and has sent them to the Road Research Laboratory, Crowthorne.

In accordance with the rules for International Road Research Documentation, 
the abstracts which are indexed with the help of descriptors shall be registered 
by means of the Peek-a-boo system. For several reasons, tbe Institute considers 
that this system is unsuitable for manual registering (among other things, it 
comprises about 3 000 descriptors). In co-operation with the National Swedish 
Road Board, the Institute has therefore got into touch with a documentation 
centre at the Research Institute of the Swedish National Defence. At the present 
time, the Index department of the latter institute is exploring the possibilities of 
registering the abstracts by means of automatic data processing.

The collection of publications in the library has been considerably increased 
during this financial year. Books are catalogued in accordance with the Uni
versal Decimal Classification.



Road Surfacings Department

Determination of Compression Characteristics of Bituminous Surfacings under 
Traffic Loads

The studies of stress-time relations in bituminous surfacings subjected to com
pression under the action of traffic loads, see Institute Report No. 47 A, p. 9, 
have been continued and completed. The measurements showed that the initial 
rate of compression is a nearly linear function of the speed of the wheel, and 
that the maximum compression is an approximately linear function of the time 
of contact between the wheel and the carriageway, as calculated from the 
speed. The time of recovery after a maximum compression is dependent on 
the speed of the vehicle, and decreases as this speed increases. Analogous charac
teristics have been observed in laboratory studies of creep and relaxation 
phenomena in bituminous mixtures. The results of the studies mentioned in 
this sub-section have been presented in a paper entitled “ Rheological Behaviour 
of Asphalt Pavings under Traffic55, which was submitted to the Second Inter
national Conference on the Structural Design of Asphalt Pavements, Ann 
Arbor, Michigan, U.S.A., in August 1967.

Effect of Traff ic on Degree of Compaction of Bituminous Surfacings

In the summer of 1965, roller compaction tests on asphaltic concrete surfacings 
have been made on 48 test road sections. These tests were repeated in the autumn 
of 1965 in conformity with the same programme. Every second test road section 
was compacted with a steel-wheel roller, while the other sections were com
pacted with a vibratory roller. The number of roller passes was varied, and 
the compaction was started at different temperatures of the mix spread on 
the road. Cores for determination of the degree of compaction were cut from the 
finished surfacing on each test road section. In the spring and in the autumn 
of 1966, core samples were taken again on 24 of the test road sections. This 
investigation has not yet been completed.

Test Road Sections for Wearing Courses Made with Cut-Back Bitumen

Normal asphalt surfacings cannot be used on roads which have to deal with 
a relatively great traffic flow, but which possess a low bearing capacity. Such 
roads should therefore be strengthened prior to surfacing. For economic reasons, 
this is often impracticable, and it was consequently considered advisable to 
test a type of wearing course which is able to withstand large deformations. 
The binder employed in such wearing courses must be soft, that is to say, it 
must be fluxed with a solvent of some kind or other.

A tentative proposal for design of surfacings made with cut-back binders 
has been prepared on the basis of tests made in the road machine of the Institute. 
These surfacings have been tested on 16  test road sections near Skellefteå. 
The traffic flow on these road sections amounts to some 900 vehicles per day,



which are used predominantly for conveying heavy gravel and timber loads. 
After the construction of the surfacings, in the late summer of 1966 to June 
1967, the test road sections have not undergone any changes, apart from a 
few exceptions. A  preliminary report on the composition of the surfacings 
and on the siutation of the test road sections was submitted in the autumn of 1966.

Road Oils

In the summer of 1966, the Road Surfacings Department has made observations 
on mixing, laying, and dragging of oiled gravel in the construction of oiled 
gravel roads where a road having an equiviscous (5 Stokes) temperature of 
6o°C  (Designation PO 60) was used by way of a trial. In this connection, 
samples of road oil, aggregate, and oiled gravel were taken for tests in the 
laboratory of the Department. It has been found that a road oil having an e.v.t. 
of 6o°C is in general better suited for use in oiled gravel than a road oil having 
an e.v.t. of 47°C  (Designation PO 47). Accordingly, the PO 60 oil has been 
generally adopted for this use.

Recovery of Road Oils and Cut-Backs of Low Viscosity from Oiled Gravel 
and Surfacings

In order to determine the changes which take place in a binder during the 
manufacture of a surfacing mix and in the finished surfacing, it is required 
that the binder can be recovered by means of a method which does not cause 
any changes in the properties of the binder. Among the methods which are 
available for this purpose, the Road Surfacings Department considers the 
British IP 105 method to be most reliable. Attempts have been made to modify 
this method so as to render it more adapted for road oils, but it was found 
that it is most convenient for the time being to use the method in question in its 
original form. After recovery of a road oil, it has been subjected to a distillation 
test and to fractionated precipitation test.

As an example, Tables 1 and 2 reproduce the respective results of these two 
tests made on a road oil sample which had been stored in the laboratory and 
on a sample of the same oil recovered from oiled gravel which had been in 
use on a road for 40 months.

Table 1. Results of a distillation test on a road oil having an equiviscous 
temperature of 470C (Designation PO 47).

Distillate, per cent by Water Temperature at a viscosity
volume of sample, up content, of 500 cSt
to a temperature of per cent Road Residue from

by volume oil, distillation,
260° 3 1 50 360° °C °C

Original oil 0 2 6 0,2 48° 65°
Recovered oil 0 0,4 2 0,4 69° 74°



Table 2. Results of a precipitation test on a road oil having an equiviscous 
temperature of 4y°C  (Designation PO 4-y).

Carboids and Asphaltenes, Resins, Ratio of
carbenes, per per cent per cent asphaltenes
cent by volume by volume by volume to resins

Original oil 0,1 6 26 0,24
Recovered oil 0,9 1 1 26 °>43

Infra-red spectrometry has been used to determine the composition of road 
oils. By comparing the values of the absorption of infra-red radiation by the 
road oil recovered from the 40-month old oiled gravel and by the road oil 
stored in the laboratory, it was found that the most pronounced differences 
occurred at the frequencies which corresponded to the carbonyl, peroxide, and 
hydroperoxide groups, condensed aromatic hydrocarbons, and polycyclic 
naphthenes. The percentages of these groups contained in the recovered oil were 
higher than those contained in the oil which ha been stored in the laboratory. 
The higher percentages of these groups indicate an oxidation of the oil in 
the oiled gravel during the time it was in use on the road—an effect which 
is in itself not unexpected. However, it is not yet possible to find any correlation 
between the percentages of these compounds and the properties of the oil as 
a binder.

The surfacings made with cut-back bitumens of low viscosity are becoming 
increasingly common. A cut-back of the type which is used on the largest scale 
hardens during the preparation and the placement of the surfacing mix, and. 
also continues to harden subsequently, in the finished surfacing. It is of great 
interest to know the rate of curing of the binder and the degree of hardness 
that it can reach. This phenomenon must be studied on samples taken from 
surfacings which have been constructed at different times, and the binder must 
be recovered from the samples in order to determine its properties. Surfacings 
in which a cut-back was used as a binder have been constructed since 1961 
in the County of Västerbotten, and the Institute has been given an opportunity 
to take samples from the surfacings which had been constructed in that area 
during the period from 1961 to 1966 inclusive. At the time of sampling, the 
cut-back bitumens employed for the surfacings from which samples had been 
taken exhibited values of the softening point that approximately corresponded 
to those which are specified for Type A  130 asphaltic bitumen, and their 
values of the Fraass brittle point were in all cases lower than the highest 
permissible value specified for Type A 130 asphaltic bitumen. Infra-red 
spectrometry showed that the percentages of acid-containing functional groups 
as well as the percentages of condensed hydrocarbons which were present in the 
cut-backs recovered from the samples became higher as the age of the surfacing 
increased. The percentages of cycloparaffins and cyclic naphthenes had also 
become higher. On the other hand, the percentage of paraffinic hydrocarbons 
had decreased. The number of samples was small, and hence the statistical signi



ficance of the test results was correspondingly low. These tests will therefore 
be continued.

Friction Investigations on Bituminous Surfacings Which are Clear 
of Snow and Ice

Friction measurements have been made on bituminous surfacings of various 
types during periods when they were clear of snow and ice. The object of these 
measurements was to compare the coefficients of friction on surfacings which 
varied in surface texture from very smooth surfaces, such as sand sheet asphalt 
surfacings, to very rough surfacings, such as surface dressings with precoated 
chippings (ranging from 20 to 25 mm in particle size).

The friction was measured on surfacings constructed on special test road 
sections as well as on ordinary roads. All these surfacings have been constructed 
after i960. The measurements were carried out by means of a Type BV 5 
Skiddometer of the Institute. The friction was determined on watered carriage
ways at a test wheel slip of 100 per cent (locked-wheel condition) as well as 
at a slip of 15 to 20 per cent (optimum slip).

The scope of these investigations was relatively narrow, and their results, 
which are briefly summarised in what follows, are therefore applicable to a 
limited extent.

1) At the same speed of the Skiddometer, the friction on the surfacings which 
were considered to have no excess of binder in the surface was as a rule 
higher than on the surfacings where an excess of binder in the surface was 
deemed to be present. For instance, in the locked-wheel condition, at a 
speed of 80 km per h, the friction coefficient of surfacings without any 
excess of binder in the surface was in all cases higher than 0.35, while that 
of the surfacings with an excess of binder in the surface was lower than
0.35. Values lower than 0.20 have been observed on a bleeding single
course asphalt surfacing.

2) In the locked-wheel condition, the friction on surfacings having a rough 
texture (single-course asphalt, sand sheet asphalt with precoated chippings) 
was as a rule less dependent on speed than the friction on smooth-textured 
surfacings (sand sheet asphalt, Topeka). In the locked-wheel condition, at a 
low speed, the friction on rough-textured surfacings was in general lower 
than on the other surfacings. At higher speeds, on the other hand, it was as 
high or higher.

3) The difference between the highest and the lowest values of the friction 
coefficient observed at the same speed on surfacings which were approxi
mately similar in surface texture was as a rule relatively high. Thus, in the 
locked-wheel condition, the difference in question amounted to about 0.2 
units, except on the surfacings of the sand sheet asphalt and Topeka types, 
where this difference was slightly smaller.

4) The friction observed on the same road section was liable to vary consider
ably with the season and with the time of day.
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Fig. i. Curves representing the highest and lowest 
values of the coefficient of friction observed in all 
measurements on dense asphaltic concrete surfacings. 
A  =  Optimum slip. B =  Locked-wheel condition.

Fig. 2. Curves representing the highest and lowest 
values of the coefficient of friction observed in all 
measurements on single-course asphalt surfacings and 
on sand sheet apshalt surfacings with precoated chip- 
pings.
A  =  Optimum slip. B =  Locked-wheel condition.

Fig. 3. Curves representing the highest and lowest 
values of the coefficient of friction observed in all 
measurements on a bleeding single-course asphalt sur
facing.
A  — Optimum slip. B — Locked-wheel condition.
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5) In the locked-wheel condition, the friction on dense asphaltic concrete 
surfacings which were made with Synopal (ranging from 8 to 12 mm in 
particle size) was approximately equal to that observed on the corresponding 
surfacings which were made with aggregates that are in common use.

6) The friction on dense asphaltic concrete surfacings was not influenced to 
any notable degree by the ratio of the area of fracture surfaces to the total 
surface area of the aggregate.

Effect of Petroleum Oil on Adhesion Agents Consisting of Surface-Active 
Amines

The durability of amines used for improving adhesion is limited at high temper
atures on account of chemical reactions with some constituents of the road



oils. Surface-active amines which are employed as adhesion agents in road oils 
and cut-back bitumens whose temperatures are below 90°C are not affected 
at any appreciable rate by the reactive substances contained in the road oils, 
unless these substances consist of peroxides and products of their reactions with 
the constituents of the oils. The Road Surfacing Department has made tests 
on road oils which contained 1.3 per cent of a certain definite amine.

In one of the test series, the temperature was maintained constant at 90°C. 
The air was shut out by causing nitrogen to flow slowly through solution of 
amine in the road oil. The result was that the amine content decreased by 2 
to 8 per cent during the first 24 hours. After four days, the greatest reduction 
in the amine content was 19 per cent.

In order to form an estimate of the effect produced by the air on the
reduction in the amine content, tests were made on amines of the same types 
dissolved in road oils of the same types which had been used in the above- 
mentioned tests. A  layer of solution, 3 mm in thickness, was exposed to air at 
a temperature of 90°C. On account of the small thickness of the layer of 
solution, the effect of the air was greater than it is in an oil tank, on condition
that no compressed air is used for mixing the oil with the amine. At the end
of 24 hours, the reduction in the amine content ranged from 22 to 34 per cent. 
After four days, the reduction in the amine content was comprised within the 
limits from 50 to 80 per cent. This reduction varied with the individual oil 
and with the type of amine. No regular variation in the reduction with the type 
of amine alone was to be observed in these tests.

The same tests were carried out at room temperature. After 24 hours, the 
reduction in the amine content was about 1 per cent, and after four days, 2 to 
8 per cent. After five months, the reduction ranged from 80 to 100 per cent. 
No regular variation in the reduction with the type of amine was to be observed 
in these tests either. Different oils had dissimilar effects on the amine content 
at room temperature and at 9o°C.

The results of the tests at room temperature direct attention to the question 
how rapidly he amine deteriorates under the action of the air in oiled gravel 
and in asphaltic concrete made with cut-back bitumens (low-cost pavements). 
No method has so far been devised for recovering the amine which has been 
sorbed on the aggregate, and an answer to this question can therefore be found 
only from indirect observations. Some observations have shown that oiled 
gravel exhibited adequate adhesion several years after laying on the road. 
These observations indicate that the amine which is sorbed on the aggregate, 
and which is the carrier of the adhesion properties, is to a certain extent 
protected from attack by oxidation owing to its orientation of the amine group 
with reference to the surface of the aggregate.

When amine was dissolved in mixtures of petroleum oil and kerosene, which 
were intended for use in tests on dust binder, it was observed on some occasions 
that the amine content which had been determined analytically was lower than 
that which should have been present, in accordance with the quantities of 
amine and oil which were determined by weighing. This circumstance was



then submitted to a closer examination. It was found, among other things, that 
the amine dissolved in kerosene was very rapidly deteriorated. These tests 
were subsequently repeated on other kerosene samples, but the reduction in 
the amine content in these samples was much smaller. It was demonstrated 
that the aggressive kerosene contained an abnormally high percentage of per
oxides, which rapidly oxidise the amine so as to form compounds that cannot 
be determined by means of the method of analysis employed in this case, and 
that do not act as adhesion agents either.

The investigations of the durability of amines have shown that much is still 
unexplored in this field. It is therefore important that the specified amine 
content should be used in road construction, and that the time interval between 
the addition of amine and the laying of the oiled gravel should be as short as 
possible.

T ests of Dust Binder on Gravel Roads

The tests on dust binder which had been started in the past financial year have 
been continued. More satisfactory results have been obtained owing to the use 
of a road oil which had a different composition, and thanks to a modified 
method of application. The durability of these dust binder will be studied 
before making new tests.

Effects of Studded Tyres on Surfacings

The Department has started tests which are carried out in the road machine 
of the Institute with a view to studying the effects of studded tyres on various 
surfacings.

Road Foundation Department

Mechanical Properties of Soils

Determinations of the static modulus of elasticity by means of the method 
evolved in the Road Foundation Department have been made, just as before, 
in connection with routine investigations of soils. At the same time, the relation 
between the density and the moisture content was determined for each soil.

The equipment for determining the characteristics of soils under the action 
of periodic repetitive loads which had been designed and constructed at the 
Institute has been improved and partly rebuilt during the financial year 1966— 
1967. The soil sample under test can now be subjected to a compressive load which 
varies with the time in accordance with a sine curve from zero to an adjustable 
predetermined maximum value up to 100 kg, which corresponds to a pressure 
of 5 kg per cm2 when use is made of a 20 cm2 bearing plate. The load can be 
applied either continuously or by means of a programmer in the form of pulse 
sequences, which are separated by no-load intervals. The continuous pulse



frequency can be varied from V2 to 5 cycles per second, and predetermined 
pulse sequence programmes can be used for test durations up to 5 minutes. 
Such pulse sequences are repeated automatically so as to produce fatigue se
quences of any desired length. By using a modified audio frequency tape recorder 
system, the whole recorded curve which represents the variation in the defor
mation with the time can be stored in a file, and measurements in individual 
portions of this curve can be made at a subsequent time, if required.

To begin with, the equipment in question is used to study the fundamental 
rheological properties of soils, and only uninterrupted sine-shaped loads are 
employed in these studies. The results obtained from the studies of soils (mostly 
sands) which have been made up to now indicate that there exists an approxi- 
matly sine-shaped contraction ("elastic deformation5’) whose mean value in
creases the whole time ("permanent deformation” ). At the outset, the permanent 
deformation is manifest, but stagnates more or less after 500 to 1 00c 
pressure pulses. Stagnation in tests on dry soil samples sets in earlier than in 
those on water-saturated samples, in which the total permanent deformation 
does not reach a constant value after several thousand pressure pulses. The 
pressure-deformation curve is not linear, and exhibits a certain hysteresis. The 
elastic deformation increases slightly as the number of load applications becomes 
greater.

Load T ests on Roads

The load test vehicle of the Institute for static loads up to 5 metric tons has 
been used by the Department for load tests on a large number of test roads.

In connection with these tests, the loads have to a certain extent been applied 
by using the wheel loads of the test vehicle, and deflection measurements have 
been made by means of a Benkelman beam. These measurements have fur
nished further data for comparison between the two methods of measurement 
in question.

The load test vehicle for plate bearing tests under pulsating loads (Type 
B 120 trailer), which had been described in Institute Report No. 43 A, p. 15, 
has been used by the Road Foundation Department for load tests at the 
Bromma Air Port, Stockholm, and on the Barkarby-Stakesön motorway, which 
was then under construction. The object of these tests was to study, among 
other things, the following factors:
1) Variation in the deflection with the time, bearing capacity, and stability.
2) Effect of compaction on the results of load tests.
3) Effects of the temperatures of the air and the soil on the results of load tests.
4) Operation of the measuring equipment during long periods of loading.

In contradistinction to previous load tests, the deflections were recorded by 
means of differential transformer transducers, and the load-time relations 
were recorded with the help of an electric pressure transducer. The pressure-time 
and deflection-time curves were recorded with the aid of potentiometer 
recorders.



Fig. 4. Pressure-deformation curve for a rock embankment 
at Stäket. Bearing plate 80 cm in diameter.

These load tests were carried out by means of bearing plates, 40 and 80 cm 
in diameter. The respective loads were 5 and 10 metric tons, so that the 
corresponding pressures were 1 and 2 kg per cm2. The period of a load cycle 
was 10 sec, and the shape of the pressure-time curve was approximately 
triangular. The number of load cycles applied at each point of measurement 
was 50 000. Most measurements were made directly on a rock embankment 
before the construction of the base. The observations made in these tests showed 
a permanent deflection which increased rapidly during the first load cycles, 
while it became but slightly greater after that, but did not become completely 
constant. The apparent modulus of elasticity, which was deduced from the 
periodic component of the deflection, exhibited a very slight and scarcely signi
ficant variation in the course of the load test. The pressure-deformation curve 
showed considerable hysteresis, and was not linear, see Fig. 4. The magnitude 
of the deflection at various distances from the bearing plate indicated that 
soil movements had taken place during the whole load test. The pressure- 
deformation curve was similar to that which had been recorded in pulsating load 
tests made in the laboratory. The results of the measurements carried out in a 
cut in a finished portion of the same motorway did not differ to any appreciable 
extent from those of the measurements made on the rock embankment. The 
measurements carried out on the rock embankment which were made before 
and after compaction tests with a vibratory roller weighing 23 metric tons did 
not show any significant difference in the observed values.

These results of measurements are preliminary, and the load tests will be 
continued during the next season, particularly after the construction of new 
courses.

Wave Propagation Measurements

The Department has continued the development work on the method of deter
mining the bearing capacity of roads by generating deformation wave motions 
of a known frequency in the various layers which constitute the pavement,



and by measuring the velocity of propagation (phase velocity) of the resultant 
waves, which is dependent not only on the frequency but also on the weight 
per unit volume, the thickness, and the mechanical properties of each individual 
layer. It is intended to devise and to standardise a rapid non-destructive method 
of determining the bearing capacity (dynamic modulus of elasticity) of roads.

In the financial year under review, the equipment for these determinations, 
which had been briefly described in Institute Report No. 47 A, has been supple
mented with a vibrator and a detector for frequencies in the upper sonic and 
supersonic range. The components in question consist of two identical barium 
titanate semi-conductor crystals manufactured by Technical Ceramics Ltd., 
England. These crystals are operated at their resonant frequencies, viz., 5.6, 
11.4 , 24.1, and 38 kilocycles per second, and a tuning amplifier has been 
specially constructed at the Institute for operation of the transmitter crystal. 
The frequency range in which measurements can be made has been increased 
in this way, and extends now from 40 to 38 000 cycles per second.

Measurements have been carried out, for instance, in order to investigate 
the effect of the climate on the velocity of wave propagation. Fig. 5 shows 
the results obtained on three different days on a gravel road. Curve A may be 
taken to represent the normal condition of the road, while Curve B refers to 
the condition of the road after a long period of rainy weather, and Curve C 
relates to the condition of the road frozen on the surface after a night’s frost.

From the measurements made in a clay field, it was found that the 
velocity of wave propagation decreased as the frequency increased, i.e. as 
the wave length became smaller. This implies that the modulus of elasticity 
decreased towards the surface of the ground, and this is natural in view of 
the degree of consolidation of the clay.

Similar measurements have furthermore been made on the Fiyltena-Röde 
Påle motorway, right south of Jönköping, which was then under construction.

Fig. 5. Relation between the velocity of wave 
propagation and the wave length. This relation 
shows the effect produced on the base by a 
high moisture content and freezing.



C H LO E Profilometer

The CH LO E Profilometer purchased in 1963 had been tested during preceding 
years, and had not been found to be quite reliable as regards the recording of 
the results of measurements. Since no service was supplied by the manufacturer, 
it was decided that the electronic computer used for recording and evaluating 
the observed data should be replaced by a simple system of counters (one 
counter for each angle interval), and that all data should be processed by a 
separate automatic data processing equipment. The new system has been con
structed and tested during the financial year 1966— 1967. In this system, after 
making measurements on each individual road section, the data were recorded 
by taking a photograph of a panel which carries all counters.

The new system has proved to be considerably more reliable than the former 
system, which was more complicated. Measurements have been made on several 
road sections, which varied widely in longitudinal profile, e.g. a newly con
structed motorway, some minor roads which had not been repaired for a long 
time, and some test roads built by the Department. The data recorded in these 
measurements were the mean value of the slope variance, SV, and the present 
serviceability index, PSI, calculated from this value by means of the empirical 
formula which was used in the AASH O  Road Test. In the calculation of PSI, 
only SV was taken into account, whereas the other quantities entering into the 
above-mentioned formula for computing PSI were disregarded. The values of 
SV and PSI found from these measurements proved to be closely in agreement 
with the results which can be obtained by evaluating the serviceability of roads 
in a different, more subjective manner. The CH LO E Profilometer will be em
ployed for observing those changes in the serviceability of some roads handling 
heavy traffic which occur before and after the change-over to right-hand traffic.

Soil Stabilisation in 1966— 1967

The field tests on stabilised layers in road pavements which are conducted 
by the Road Foundation Department comprise at the present time 14 test 
roads forming part of the public road system, and include, moreover, four 
large test runways in air fields. The test procedure consists in continuous observa
tions of the condition of the test road sections, in measurements made in order 
to determine the properties of these road sections, and in comparisons between 
the test results obtained on the stabilised and the conventional sections of each 
test road. The purpose of the test runways in air fields was to investigate 
various methods of preventing or reducing the formation of those cracks in 
bituminous pavements which are due to spontaneous cracks in bases stabilised 
with cement.

It is in the nature of field tests that they must be carried on for several years 
before they may be expected to give any reliable results. Until then, however, 
it is possible to collect the results which are obtained in the meantime, and



Fig. 6. Effect produced on the bearing capacity 
(modulus of elasticity determined by means of 
surface load tests) of a road by highly effective 
insulating layers and by stabilised bases of two 
different types.
B G  =  Bitumen-stabilised base-gravel.1 
C G  =  Cement-stabilised base-gravel.
Edsvalla 1966 Test Road.
1) Autumn of 1966. Before exposure to traffic.
2) Spring of 1967. After exposure to traffic for 
five months.

which indicate certain trends of the changes that take place on the road 
sections under test. Such results wich relate to Gualöv and Brista Test Roads 
have been published previously (Special Reports Nos. 39 and 31, respectively).

On the initiative of the Geological Department, a test road was constructed 
at Edsvalla in the autumn of 1966 for field studies of the possibilities of reduc
ing or preventing frost penetration into the road structure by using layers of 
materials of various types having a high thermal insulating power which are placed 
at comparatively high levels in the road pavement structure. Since many of the 
insulating materials which may possibly be empolyed for this purpose exhibit 
a markedly elastic behaviour under the action of loads, the use of these materials 
in pavement construction implies an increase in the stresses which are produced 
in the overlying courses. Accordingly, the use of highly effective insulating 
materials of this type involves greater risks of damage caused by loads to sur
facings, especially to bituminous surfacings. It ought to be possible to compensate 
the reduction in the bearing capacity of the pavement structure which is due 
to the elasticity of the insulating layer with the help of a stabilised base which 
has a high bearing capacity, and which is placed between the surfacing and the 
insulating layer. For this reason, two sections of Edsvalla Test Road have been 
provided with such stabilised bases. Fig. 6 shows some results obtained from 
load tests on these road sections. As is seen from this diagram, before the road 
sections equipped with insulating layers and stabilised bases were exposed to 
traffic, their bearing capacity had been considerably higher than that of the 
corresponding pavements provided with gravel base. However, the differences 
in bearing capacity between these pavements were on the whole neutralised in 
the spring of 1967, after exposure to traffic for five months. The great decrease 
in the bearing capacity of the pavements with stabilised bases may possibly be 
attributed to the circumstance that the cohesion of the particles in the interior 
of the various courses has been largely reduced by repeated load applications 
due to vehicular traffic (fatigue).

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



Geological Department

Frost Research 

Longitudinal Frost Cracks

Klinten A, B, and C  Test Roads, which were built in i960 in connection 
with the construction of the Klinten-Smäkvarnarna Road, E 4 Road, County 
of Norbotten, are used to study the formation of longitudinal frost cracks in 
roads. On these test roads, the old strengthened road was to be reconstructed 
so as to investigate three different methods of preventing the development of 
longitudinal cracks, viz., first, the stony gravel in the sub-base was to be 
replaced by gravelly sand, Klinten A i960 Test Road; second, the pavement 
was to be provided with V-shaped bark layers, Klinten B i960 Test Road; 
and third, a subsurface drain at a depth of 2.2 m was to be cut along each 
edge of the carriageway, Klinten C i960 Test Road. The cross sections of 
these test roads are shown in Fig. 7.

Field observations in the above-mentioned three test roads have been made 
during the years i960 to 1963.

Longitudinal frost cracks have formed on Klinten A  and C Test Roads 
to about the same extent as before reconstruction. A considerable improvement 
in this respect was observed on Klinten B Test Road, but some relatively 
small cracks had developed on some of the sub-sections of this road.

The results obtained on Klinten A Test Road have shown that to use a 
fine-grained sub-base material which is in some measure water-retaining 
(gravelly sand) instead of a coarse-grained material (stony gravel) is not a 
sufficiently effective method of preventing frost crack formation if a portion 
of an old road pavemént protrudes into the new pavement structure, but the 
old portion must be planed off or removed.

A V-shaped bark layer is fully effective when it is required to prevent the 
development of longitudinal frost cracks in a road in a new location, but it 
is not sufficient if the new pavement comprises a portion of an old one.

As regards drains, it is to be noted that they do not seem to be able to 
counteract frost crack formation.

Brännlanå A and B Test Roads, which form part of the Kaddis-Norrfors 
road, County of Västerbotten, were likewise constructed in i960 for the main 
purpose of studying the formation of longitudinal frost cracks. These roads 
were also used for drainage tests, namely, the A test road was provided with 
a longitudinal median drain at a depth of 2 m below the carriage surface, and 
the B test road was equiped with a drain at a depth of 2.5 m under each ditch.

The measurements made during the period of observation from i960 to 
1963 have shown that the drains on these test roads do not appear to be able 
to counteract frost crack development.

The field investigations on the test roads constructed in 1961, viz., Broängen 
Test Road, County of Norrbotten, as well as Nordmaling and Örträsk Test 
Roads, County of Västerbotten, have been completed, and the evaluation of



Fig. 7. Cross sections of the pavements on four dif
ferent sections of Klinten i960 Test Road, a) Klinten 
A Test Road. G ravelly sand on an old road, b) Klinten 
A Test Road. Stony gravel on an old road, c) Klinten 
B Test Road. G ravelly sand on a V-shaped bark layer 
overlying an old road, d) Klinten C  Test Road. Stony 
gravel on an old road. Longitudinal drain.

IQ)

the test results is in progress. The results obtained from the field investigations 
on Broängen Test Road have afforded some possibilities of determining the 
thickness of pavement that is required in order to limit the frost heave to 
a certain definite amount as a function of the number, of degree-days in a 
given place. The measurements of the depth of frost penetration made in the 
bark layers on Nordmaling Test Road have provided a basis for determining 
the requisite thickness of bark layers so as to take account of the number of 
degree-days in the place in question.

Non-Uniform Frost Fleave

Edsvalla 1966 Test Road> which forms part of the Edsvalla-Fageras road, 
County of Värmland, was constructed in the summer of 1966, and was provided 
with insulating layers of four different types, viz., two types of foam plastics, 
mineral wool, and bark. It was found that frost did not penetrate the plastic 
layers, 8 cm in thickness, when the number of degree-days was 470. It is 
intended to build a second test road forming part of the same road where 
other types of insulating materials will also be tested.

Non-uniform frost heave and frost cracks have been observed in some 
limited areas on the Bye-Fröland road, County of Västerbotten. This road is 
situated at a mountain slope on a layer of fluvial outwash sand, which increases 
in thickness in the direction away from the mountain. The sand layer varies 
in thickness, and this made it possible for the depth of frost penetration in 
some portions of the road to reach the highly frost-susceptible subjacent layer 
which consists of silty clay. By studying the geological structure of the subgrade, 
in part by means of aerial photographs, and by preparing a geological soil map,



Fig. 8. Frost heave, see graph, in relation to 
the stratigraphy of the subsoil. The frost heave 
was greatest in the areas where frost-susceptible 
clay underlies thin sand layers.
A Morainic sol. ::: Sand. I I I Frost-sus
ceptible clay underlying sand.

it proved possible to obtain a more reliable basis for selecting the most appro
priate location of the road, and to improve the planning of soil explorations. 
The soil conditions along the selected route are represented on the map shown 
in Fig. 8.

Location of Subsurface Boulders by Means of Earth Resistivity Method

Experience has shown that boulders buried directly under the formation of a 
road can under certain conditions cause trouble by giving rise to irregularities 
in the road surface. The Geological Department has investigated the possibilities 
of using a simple and rapid geophysical method to locate such boulders by means 
of measurements made on the surface of the formation. This would make it 
possible to dig up and to remove these boulders. The geophysical prospecting 
methods are based on the principle that the object to be located differs from 
its surroundings in some measurable physical property. In the present case, it 
is two properties of the rock in the boulder that distinguish it from the sur
rounding fine-grained soil materials: (i) The resistivity of the rock is several 
powers of ten as high as that of the soil material. (2) The velocity of propagation of 
mechanical wave motion in the rock is 2 to 5 times as high as that in the 
surrounding soil material. The former property is utilised in the earth resistivity 
method, the latter is the basis of the seismic refraction method. In the first 
place, the Department is studying the possibilties of locating subsurface boulders 
by means of the earth resistivity method. This is done by passing an electric 
current through the ground by the aid of two electrodes on the surface of the 
ground, and by measuring the potential drop with the help of two other ground 
electrodes. Then the boulder appears as a disturbance or anomaly in the field 
generated by the current. In order to study the theoretical possibilities of this 
method, a great number of model tests have been made in the laboratory, where 
the soil material was simulated by an appropriate electrolyte, while the boulders 
were represented by spheres made of a non-conducting material. One of the 
factors investigated in these tests was the effect of the depth to the boulder on 
the relation between the magnitude of the anomaly and the spacing of the 
electrode which produce the field. The change which the anomaly undergoes 
when three different electrode systems are moved over a boulder situated at



Fig. 9. Location of subsurface boulders by means 
of the earth resistance method. Relation between 
the size of the anomaly, the spacing of the 
electrodes, and the position of the electrodes 
with reference to the central axis of the boulder.
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Fig. 10. Location of subsurface boulders by 
means of the earth resistance method. Variation 
in the maximum size of the anomaly with the 
spacing of the electrodes and with the depth to 
the subsurface boulder.
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a relatively small depth below the ground level is shown in Fig. 9, while the 
maximum anomaly is represented in Fig. 10 as a function of the distance between 
the current supply electrodes at three different depths to the boulder.

These tests have shown that there exist possibilities of using earth resistivity 
methods to locate boulders which are situated at depths that are not too great. 
In the continued investigations, which will to a large extent be made in the 
field, it is intended to study, among other things, the effects produced by the 
electrical inhomogeneities of the soil on the possibilities of detecting subsurface 
boulders. Furthermore, tests will be made on some more unconventional methods 
of soil exploration, such as the use of a high-frequency alternating current field.

Investigations of Aggregates 

Strength

The investigations dealing with the reproducibility of results of the aggregate 
impact test have been continued, and a report on this subject has been presented 
at the meeting of the Committee on Bituminous Materials of the Scandinavian 
Road Engineering Union at Vejle, Denmark, 011 May 10th to 12th, 1967. 
In some cases, it has proved to be difficult to draw definite conclusions from 
the tests because they involved too many uncontrollable variables. Flowever, 
the investigations in question have served as a basis for proposing a type 
of falling weight equipment, see Fig. 1 1 ,  which the other Scandinavian countries 
have declared themselves prepared to purchase. It is therefore to be expected 
that the reproducibility of the results obtained in different road research labora
tories in these countries, which has previously been found to be unsatisfactory, 
will be improved.

Wear and Polishing Characteristics

Previous polishing tests have been described in Special Report No. 45 of the 
Institute. It has been found that the British Accelerated Polishing Machine, 
which had been used in these tests, was not completely adapted for Swedish 
conditions. In the laboratory tests made by means of this machine, the surfaces 
of the particles of aggregate are polished without being exposed to any appreci
able wear, and the original “ surface topography55 of the aggregate, which is 
partly conditioned by crushing in the course of aggregate production, determines 
in a high degree its polishing characteristics. On the other hand, the surfaces of 
aggregate particles on the road are exposed to considerable wear, primarily 
due to studded tyres in the winter-time.

The above-mentioned British method has been modified so as to increase 
the wear of the surfaces of aggregate particles. This has been achieved by 
adjusting the wheels of the machine in an oblique position, and by using a 
hard-grade synthetic abrasive. The original “ surface topography55 is often erased 
to a large extent in this way, and the polishing caracteristics of the aggregate 
are determined by its petrographic composition to a higher degree than before.



Fig. i i .  M anually operated falling weight equipment 
used in tests for the determination of the brittleness 
of aggregates.

It is also to be noted that there exists no correlation between the original and 
modified forms of this method.

Preparatory tests have been made in order to study on a laboratory scale 
the wear of aggregates due to studded tyres in the modified polishing machine. 
The methods which are commonly used to determine the strength of aggregates, 
viz., the aggregate impact test and the Los Angeles abrasion test, do not provide 
any direct measure of the resistance of aggregates to wear.

Light-Coloured Aggregates
Tests have been started in order to determine those petrographic properties of 
aggregates which result in adequate luminance and in diffuse reflection. A 
microscopic crystal size, which gives rise to innumerable reflecting surfaces, and 
to low microporosity, which prevents the absorption of “ contaminative” 
colloids, are desirable properties, e.g. in quarzite. The white colour of certain 
coarse-crystalline feldspar rocks (anorthosite and labradorite) is in part due to 
the presence of white, very fine-grained products of transformation in the 
feldspar, which act as a colour pigment.



Mechanical Department

Friction Investigations

Friction Measurements on Roads in Summer-Time,
Wet (Sprinkled) Pavement Surfaces

Friction measurements have been made in a number of places where traffic 
accidents had occurred, which were supposed to be due to slippery pavement 
surfaces. Furthermore, such measurements have been carrid out on old and 
new test road sections which are provided with different surfacings. These 
surfacings comprise bituminous surfacings which were made with asphalts 
differing in origin in order to compare their properties in the Scandinavian 
climate, as well as bituminous-mixture surfacings which contain Synopal. More
over, friction measurements have been performed on a section of E 6 Road whose 
frictional properties had been checked more or less regularly since the construc
tion of the pavement. This pavement consists of cement concrete which has been 
finished by scoring with brooms differing in stiffness. When this surfacing was 
new, some differences in friction were observed between the surface areas which 
had been scored with different brooms. The difference in the coefficient of 
friction between the fine-textured surfaces (scored with horsehair brooms) and 
the coarse-textured surfaces (scored with steel wire brooms) was about o.i at 
the optimum slip. In the locked-wheel condition, the friction coefficient of the 
coarse-textured surfaces was about 0.2 higher than that of the fine-textured 
surfaces. These differences refer to mean values of the coefficient of friction 
calculated over the range from a speed of 90 km per h to zero speed. After 
two years of use (some 3 000 000 vehicle passages), these dissimilarities were 
on the whole neutralised, and the differences in the coefficient of friction were 
very slight. After seven years (some 1 1  000 000 vehicle passages), no significant 
difference in the coefficient of friction between the surfaces finished with 
different brooms was to be observed. During the first three years after the con
struction of the pavement, the friction coefficient of the surfaces decreased 
at an annual rate of about 0.08 at the optimum slip and about 0.02 in the 
locked-wheel condition.

Preliminary friction measurements at wheel loads which varied from 100 
up to 500 kg were carried out by means of a Type BV 5 Skiddometer. The 
purpose of these measurements was to initiate a study of the variation in fric
tion with the wheel load, with special reference to the redistribution of loads 
between the front and rear wheels which takes place during braking of a motor 
vehicle. At the same time, comparative measurements were also made with 
a Skiddometer of another type. These investigations will be continued.

Friction Measurements on Roads in Winter-Time.

Studded tyres have to a certain extent been used in the winter-time as a trial 
on aircraft wheels in regular traffic. In order to make it possible to form 
objective estimates of the effect of studs on the braking ability, braking tests



Fig. 12. Distribution of the braking asymmetry 
on passenger cars differing in the total mileage 
travelled. The braking asymmetry is the ratio 
of the total braking force acting on the wheels 
on the one side of a vehicle to that acting on 
the wheels on the other side. Braking asymmetry

have been carried out on a snow-covered runway. The main landing gear of the 
plane was equipped with studded tyres in some tests, and with non-studded 
tyres in some other tests. At the same time as the braking tests, friction measure
ments on the runway were made with a Type BV 8 Skiddometer, which was 
provided with a studded or a non-studded test wheel tyre in connection with 
the tests on the plane. The results of these tests have been published in Special 
Report No. 49, “Braking Action of Studded and Non-Studded Aircraft Tyres” .

Driving and Braking Characteristics of Light Vehicle Combinations

The studies of light vehicle combinations which had been carried out in the 
past few years have been published in Proceedings No. 93, “ Dynamic Driving 
Characteristics and Braking Ability of Passenger Cars with Caravan Trailers” .

Investigations of Motor Vehicle Brakes

Four investigations dealing with characteristics of motor vehicle brakes which 
had previously been made at the National Swedish Road Research Institute 
and in the Department of Ground Vehicle Engineering, Royal Institute of 
Technology, Stockholm, in co-operation with the Road Research Institute, 
have been combined and published in Special Report No. 47, “ Investigation 
of Motor Vehicle Brakes” . These four investigations comprise, first, a random 
sample investigation which concerns the braking asymmetry, i.e. the ratio of 
the total braking force acting on the wheels on the one side of a vehicle to the 
total braking force acting on the wheels on the other side (this ratio is expressed 
so that its value is always greater than, or equal to, unity), the braking ratio,
i.e. the ratio of the front axle and rear axle braking efforts, and the relation 
between the pedal force and the braking force on motor vehicles under actual 
traffic conditions; second, an investigation of the variations in the above- 
mentioned quantities during travel over comparatively long distances on a 
relatively small number of motor vehicles equipped with brakes of different 
types; third, an investigation of the properties of various brake linings in respect 
of resistance to wear, friction, and fade; and fourth, an investigation of the



effect produced by the speed on the relation between the braking force and 
the pedal force.

The random sample investigation, which covered some 800 passenger cars, 
showed that the braking asymmetry increased as the age of the car and the 
total mileage travelled by the car became greater. The relation between the 
braking asymmetry and the mileage is shown in Fig. 12. The ratio of the front 
axle and rear axle braking efforts did not exhibit any definite variation with 
the age and the total mileage of the vehicles. However, it is remarkable that 
the braking ratio on about one-third of the vehicles was such that the risk 
of unstable braking was to be expected at coefficients of friction which were 
higher than 0.3. It was found that the pedal force required for a given decelera
tion increased as the age and the total mileage of the vehicles became greater. 
The investigation of a small number of cars which travelled over long distances 
has shown that the braking action exhibited a short-period variation, possibly 
in combination with a superposed long-period variation. The braking asymmetry 
and the braking ratio varied in a comparatively high degree. The investigation 
of brake linings showed that brake linings of various types can exhibit great 
differences in the coefficient of friction and in the resistance to wear. The 
investigation of the effect produced by the speed on the relation between the 
braking force and the pedal force indicated that this effect may often be 
expected to be marked at speeds below 20 km per h, and then decreases as the 
speed becomes higher. Therefore, the testing speed in brake tests should not 
be too low.

An investigation that had been started previously, and has been completed 
in the financial year 1966— 1967 deals with a method in which statistical data 
on the braking characteristics of the motor vehicles in use and on the frictional 
properties of road pavement surfaces are employed to calculate the probability 
that it will be possible to brake any arbitrary motor vehicle so as to produce 
a certain definite average deceleration from a given speed without causing the 
wheels to be locked. This presupposes an optimum utilisation of the braking 
system by the driver. The locked-wheel condition is also treated in this 
investigation, just as the possibilities of estimating the initial speed in braking 
when the speed distribution in traffic and the stopping distance are known. The 
investigation in question has been published in Special Report No. 48, “ Statisti
cal Analysis of the Ability of Passenger Cars to Utilise Available Road 
Friction in Braking” .

Studies of Profile Measurements

The methods which have so far been used in Sweden to measure the profiles 
of road surfaces are too slow, and a more rapid method is therefore desirable. 
Accordingly, a study of the literature in this field has been made, and the 
Type DF 1 dynamic test vehicle of the Institute has been supplemented with 
measuring equipment for determining road surface profiles by means of a 
method of measurement which had been evolved by General Motors. This 
method consists in measuring the vertical displacement of a fifth wheel o f



Fig. 13 . Machine for determining tyre characteristics.

a vehicle with reference to the vehicle and in determining the vertical accelera
tion of the vehicle. The vertical acceleration is integrated twice so as to obtain 
the vertical displacement of the vehicle. These two displacements are combined 
in order to find the vertical profile of the road surface. This measuring equip
ment has been used in laboratory tests as well as in field tests on a pavement 
surface which has been profiled in the usual way. In order to improve the 
performance of the measuring equipment, the Mechanical Department is occu
pied in designing a new fifth wheel, which shall make it possible to measure 
surface irregularities characterised by a high frequency of occurrence, and it is 
intended in this connection that the maximum speed of the test vehicle should 
be 90 km per h.

To estimate the effect produced by the observed road surface profile on a 
road vehicle, a simple mathematical model of the road surface and the vehicle 
has been studied with the help of automatic data processing equipment. This 
model is now in process of further development with a view to enabling addi
tional vehicle parameters to be taken into account.

Moreover, the profile of a road surface also influences riding comfort, which 
affects the ability of the driver to control his vehicle in a safe manner. Un
easiness, tiredness, dorsal injuries, and lesions of internal organs are examples of 
consequences of inadequate riding comfort. A  study of the literature dealing 
with methods of comfort measurements and with recommended tolerance limits 
is now in progress in order to afford a basis for selecting methods of measure
ment which can be used to estimate the effect of the road surface profile on 
riding comfort in a type vehicle at a travel speed that is normal on a given road.

Design and Construction of Equipment 

Machine for Determining Tyre Characteristics

A machine for determining the forces and torques which act on a wheel of a 
motor vehicle at different wheel angles has been designed, and the construction



of this machine has been completed in a first stage. It consists of a track which 
is movable in its longitudinal direction, and which carries a wheel mounted 
in a frame, see Fig. 13. The frame can be turned so that the wheel plane forms 
an angle—which is continuously adjustable from o to 90 degrees—with the 
direction of motion of the track. The longitudinal and transverse forces which 
act on the wheel owing to the motion of the track are measured and recorded.

Machine data: Wheel load 300 to 700 kg (13 in. rim size)
Speed of the track 0.3 or 1.0 m per sec
Travel of the track 7 m

The track can be provided with surfacings of various types. At present, 
an 80-mesh abrasive cloth glued to the track is under test.

In the second stage, this machine will be equipped with a wheel suspension 
device which will make it possible to use adjustable angles of camber, and also 
to measure the self-aligning torque which acts on the wheel. It shall be possible 
to test tyres ranging in size from 3.20— 10 to 8.20— 13.

Tyre Strength Testing Equipment

According to design, inflation pressure, load, etc., motor vehicle tyres are able 
to withstand a certain definite speed without being deteriorated in a relatively 
short time on account of excessive heating which is caused by the work of 
deformation of the tyre. For some tyres, this maximum speed is not specified, 
and even in the cases where it is stated, it may be required to check the strength 
characteristics of the tyres at high speeds. An equipment for strength tests on 
tyres has therefore been designed, and is in process of construction. This 
equipment consists of a steel drum, 1.7 m in diameter, which is driven by a 
variable speed electric motor. The maximum testing speed is 230 km per h. 
The test wheel, which rolls on the outer circumference of the drum is mounted 
on a rocker arm, and can be subjected to loads of up to 1 000 kg. This equip
ment can be used to test tyres ranging from 10 to 16 in. in rim size.

Braking Torque Hubs

Four braking torque hubs which had been designed previously have been 
constructed in the financial year under review. They are intended to be used, 
for instance, in studies of the effects which are produced by braking and pro
pelling forces on the driving characteristics of a vehicle. The braking torque 
hubs, which are screwed on between the brake drum and the rim, act in principle 
as completely unloaded drive shafts provided with resistance strain gauges. 
The signal is transmitted by means of a slip ring device. These measuring 
appliances are primarily intended for use on the Type DF 1 dynamic test 
vehicle of the Institute, but can also be fitted on other motor vehicles. Intro
ductory operating tests have been carried out on these hubs.



Fig. 14. Profilograph for 
determining the amount 
of wear of surfacings 
tested in the road ma
chine of the Institute.

Brake Tester No. 2

An existing brake tester has been redesigned in order to permit tests at speeds 
of up to 100 km per h and at axle loads of up to 1 000 kg. This tester has been 
equipped with three drums, partly in order that it might also be used for dy
namic calibration of Skiddometers. The tester is operated by a 110-kW  D.C. 
motor, which is fed through a transductor-controlled1 rectifier. The speed is 
therefore continuously variable in the range from o up to 100 km per h. 
The tester is in process of assembly.

Epuipment for Tests on Coupling Devices for Trailers

The Institute will make type tests on coupling devices for trailers. For these 
tests, a test rig for static load tests and fatigue tests on trailer coupling devices, 
as well as a test bench for torsion tests on rear cross members of lorry frames 
have been designed and constructed.

Profilograph for Road Machine

A profilograph has been designed and constructed for determining the amount 
of wear of surfacings under the action of studded tyres in tests made in the 
road machine of the Institute. This profilograph, see Fig. 14, comprises a needle 
which senses the road surface point by point at intervals of 2 mm each along 
a line. The needle is moved automatically from one point to another. The 
positions of the needle in the longitudinal and vertical directions at each point 
of measurement are expressed in terms of electrical quantities, which are at 
present recorded by means of a x-y grapher. Flowever, the profilograph can 
also be connected to other recording devices.

1 A  transductor is a D.C. pre-saturated reactor.



Traffic Department

Vehicle Combinations

In a report entitled “ Vehicle Combinations—Lengths and Speeds”  (Swedish 
State Official Reports, 1966:41), a description is given of the traffic studies 
which the Department has made in this connection.

Traff ic ability of Roads
The object of the trafficability studies is to shed light on the effects produced 
by the geometric design of roads on the speeds of motor vehicles under 
various traffic conditions. For the general programme of these studies, etc., 
reference is made to Institute Report No. 47 A, pp. 26 to 29.

Speeds

The results of the speed measurements carried out by the Department have 
been used, first, to refine a model for the calculation of travel times of private 
cars over defined road sections, and second, to evolve a similar model for 
heavy road vehicles. The results of these measurements will also be utilised 
as a basis for verifying the models which have been designed for traffic 
simulation by means of automatic data processing equipment.

A  model for the calculation of travel times of heavy vehicles, presupposes 
that the effect produced by the vertical curvature of the road on the speed, 
especially on uphill grades, is known. For this purpose, deceleration measure
ments on uphill grades have been started.

Data covering about 400 free-moving1 lorries have been collected on two 
uphill grades. The travel times have been measured over comparatively short, 
equidistant, consecutive road sections. The purpose of these introductory studies 
is to estimate the speeds of individual vehicles on uphill grades, and will in the 
main be used as validatory data in the above-mentioned models.

Furthermore, the spot speeds of free-moving vehicles on straight horizontal 
roads have been measured at some ten sites in the autumn of 1966. The object 
of these measurements was, first, to collect up-to-date speed data, particularly 
for heavy vehicles, and second, to evaluate the effect of the weather factor 
on the mutual adaptation of speeds of successive vehicles, see Table 3.

The results reproduced in Table 3 indicate that the speeds of private cars 
may be expected to continue to increase at a rate of 1 to 1.5 km per h per year. 
Moreover, this table shows that when the weather was very bad, the speeds 
of heavy vehicles and vehicle combinations decreased by about 5 km per h, 
and those of private cars diminished by some 25 km per h. The lorry drivers 
exhibited inadequate adaptation to the speed regulations in force. None of the 
lorries for which the speed limit is 50 km per h were travelling at a speed 
that was lower than the maximum permissible value, and only 20 per cent

1 The term “ free-moving” is used to designate the motor vehicles whose drivers can be con
sidered to be unhampered by other traffic, and are free to choose their w ay of driving.



Table j .  Speeds of motor vehicles of various types in daylight. 
Breakdown by good and bad weather conditions

Road
condition
and
weather

Type
of
vehicle

Number
of
vehicles

Speed, in km per h

Mean
value

20th
percentile1

Median
value2

80th
percentile3

D ry P 2 0  99 IOI 86 99 ID
pavement Li 206 76 7 1 76 85
surface 
and good

l 2 144 7̂ 66 7° 7b

visibility L3 53 74 7 i 75 80

Rain or P 436 7b 67 75 85
snowfall Li 58 68 63 69 72

L 2 29 66 60 66 72

l 3 14 66 62 b7 7 i

P =  Private cars.
L i =  Lorries without trailers, and buses.
L2 =  Lorries with trailers.
L3 =  Semi-trailers.

1 The speeds of 20 per cent of vehicles are lower than the value given in the table.
2 The speeds of 50 per cent of vehicles are lower than the value given in the table.
3 The speeds of 80 per cent of vehicles are lower than the value given in the table.

of the lorries whose speed shall not exceed 70 km per h were travelling at
speeds below the limit.

Moreover, in order to enable theoretical models to be checked, e.g. in 
respect of speeds on grades, travel time measurements have been carried out,
mostly on road sections abounding in grades.

The speeds of free-moving vehicles on horizontal curves has been studied at 
some 25 sites. The travel time of each vehicle was measured over a series of 
consecutive road sections of equal length. In the analysis of results, the speed 
variable, in kilometres per hour, was replaced by the travel time, in seconds 
per kilometre, so as to obtain a simplified expression of the relations between 
the variables entering into this study.

Overtaking and Passing

The method used in studies dealing with the process of overtaking and passing
has been described in Institute Report No. 46 A, p. 53. A motion picture
camera is fitted on the roof of test vehicle between two mirrors, which reflect 
into the camera an image of the road and traffic situation ahead as well as 
behind the test vehicle.

The analysis of the data obtained by means of this method comprises, among
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Fig. 15. Probability of overtaking and passing 
on a visible clear road section of a given length. 
Breakdown according to type of overtaking and 
passing situation. The upper part of each band 
in this graph refers to a speed of 60 km per h, 
and the lower part relates to a speed of 80 km 
per h, of the vehicle which is being overtaken.

other things, the calculation of the probability of overtaking and passing 
operations of various types under different conditions, see Fig. 15. The 
upper part of each band in this graph relates to a speed of 60 km per h, and 
the lower part refers to a speed of 80 km per h, of the test vehicle being over
taken. It is seen from Fig. 15 that when the drivers see a vehicle travelling 
in the opposite direction, they do not evaluate a visible clear road section in 
the same way as when the sight is obstructed by a curve or by the summit 
of a grade, in spite of the fact that an opposite-direction vehicle can suddenly 
appear at the very same moment at the end point of the visible clear road 
section. I f  this evaluation had been objective, then the curves in this graph 
would have coincided in pairs. The drivers of the overtaking vehicles seem 
to assume that, if  an oncoming vehicle appeared just at the instant when the 
sight conditions were deemed to permit overtaking and passing, either the 
vehicle that is being overtaken and/or the vehicle travelling in the opposite 
direction would adapt their speeds in such a way that the overtaking and 
passing operation can be completed, or that the width of the road is such as 
to have room for three passing vehicles at the same time. In fact, among the 
2 002 overtaking and passing operations which have been studied, there were 
only two cases where the overtaking manoeuvre was discontinued, and the 
overtaking vehicle moved back towards the edge of the carriageway so as 
to come behind the vehicle to be passed. Thus, when the driver of the over
taking vehicle notices that the situation can become critical, he seems to prefer 
to accept the crowded situation ahead rather than to withdraw into his own 
line of traffic.

The time margin that has been available from the moment when the over
taking vehicle returned to its own traffic lane to the instant when it passed 
the vehicle moving in the opposite direction has been observed in connection 
with all those overtaking and passing manoeuvres during which an opposite- 
direction vehicle has been visible in the course of the whole process of over
taking and passing, that is to say, the time gap in the opposite-direction traffic



Fig. 1 6. Percentage of overtaking and passing 
operations (opposite-direction vehicle visible) in 
which the time margin with reference to the 
opposite-direction vehicle after overtaking and 
passing (A t) was shorter than that expressed 
by the abscissa.

  Road without shoulders.
" Road with broad paved shoulders.
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has been well-defined. This time margin may be regarded as a measure which 
expresses the degree of severity of a conflict situation. In other words, as 
this time margin becomes shorter, the situation becomes more critical. The 
effect produced by the geometric road design on the time margin in question 
is represented in Fig. 1 6. The percentage of overtaking and passing operations 
which involve short time margins is higher on roads provided with wide paved 
shoulders. When the time margins were short, the drivers have therefore used 
the shoulders as a protective zone. The travel speed increased, but this was 
achieved at the expense of safety.

Traffic Simulation by Means of Automatic Data Processing

A model for study of traffic on a two-lane rural road by means of simulation 
with the help of automatic data processing equipment has been described in 
Institute Report No. 47 A, p. 29. The development of this model has been 
continued during the financial year 1966— 1967. In order to provide an empiri
cal basis for the model, the development work has been integrated with the 
field studies conducted by the Department. The use of PE R T  planning made 
it possible to take a more comprehensive view of this projects so as to schedule 
its various phases and the capacity required for carrying them out.

Travel Time Studies in Stockholm

The City of Stockholm Highway Authority has requested the Institute to 
undertake practical test runs in order to devise a routine procedure for measuring 
the changes in the travel time on various street and road sections from year to year. 
A  special recording method for this purpose has been evolved by means of a 
journey analyser which had been designed and constructed at the Institute (see 
under “ Equipment for Traffic Studies”  below).

Furthermore, this journey analyser has been used by the above-mentioned 
Highway Authority in test runs made in connection with studies of the effects 
produced on traffic by various forms of signal co-ordination.
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Fig. 1 7. Variation in the 
number of accidents per 
kilometre with the an
nual average daily traf
fic (AA D T) on two-lane 
roads without shoulders. 
Sweden, 1963.
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Fig. 18. Variation in the 
number of accidents per 
kilometre with the an
nual average daily traf
fic (A A D T ) on two- 
lane roads with shoul
ders. Sweden, 1963. 
------------ W idth of car
riageway 6.0 and 6.5 m. 
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Traff ic Safety

Road sections without Junctions

Fig. 17, which relates to road sections without junctions, shows the variation 
in the number of accidents per kilometre with the traffic flow on roads without 
shoulders. The difference in this respect between the two groups of widths of 
carriageway which are compared in that graph becomes significant when the 
annual average daily traffic exceeds about 3 000 vehicles.

Fig. 18 represents the variation in the frequency of accidents with the annual 
average daily traffic on roads with shoulders. On these roads, significant differ
ences are likewise met with when the A A D T  is greater than some 3 000 vehicles.



On roads where the carriageway is 7 m in width, the frequency of accidents 
on roads provided with wide shoulders ( >  2 m) was found to be significantly 
lower than on roads with narrow shoulders ( <  1 m). On roads where the 
carriageway is 6 m in width, the frequency of accidents on roads with shoulders 
1.0 m in width was lower than that on roads without shoulders.

On roads with bituminous surfacings, irrespective of whether the carriageway 
is 6 or 7 m in width, the frequency of accidents on roads where the shoulders are 
surfaced with asphalt was significantly lower than on roads where the shoulders 
are paved with gravel. The other road parameters which account for accidents 
have not been taken into consideration in the results given in the above.

Interview Investigation of Road Traffic Accidents

An interview investigation of road traffic accidents has indicated that the actual 
number of accidents involving injuries to persons is significantly higher than 
the number of these accidents included in the official statistics. The number of 
accidents of this type which have not been notified to the police in 1964 was 
estimated at 13 000 ±  4900. At a risk level of 10 per cent, at least about 
10 000 accidents involving injuries to persons have not been reported to the 
police, and this indicates that the official accident statistics are very incomplete.

It was evident that the percentage of single-vehicle accidents was significantly 
higher than the corresponding percentage stated in the official statistics. 
According to the figures published by the National Swedish Central Bureau 
of Statistics, the number of single-vehicle accidents in rural areas in 1964 
amounted to about 30 per cent of their total number. The corresponding figure 
obtained from the investigation under review was nearly 60 per cent.

The total cost of road traffic accidents in 1964 was estimated at about 2 000 
mill. Swedish kronor. The number of accidents which involved repair costs of 
at least 2 000 Swedish kronor and which have been reported to the police 
was only 50 per cent of the total.

Change-Over to Right-Hand Traffic

In the autumn of 1966, the National Swedish Commission for Right-Hand 
T raffic requested the Institute to draw up, in co-operation with the National 
Swedish Road Safety Council, a programme for follow-up studies to be made 
after “H D ay55, September 3rd, 1967.

In collaboration with consultants, the Traffic Department has prepared a 
proposal for traffic count models. The traffic counts will constitute reference 
data for the analysis of accidents after the change-over to right-hand traffic. 
From September 3rd, 1967, the National Swedish Road Board has been carrying 
out traffic counts in rural areas in conformity with the above-mentioned models. 
These traffic counts are made by using 60 hourly-interval recording counters 
on the National Main Road system and 120 non-recording mechanical counters 
on the rural road system.

An investigation has been made in order to study the need for external rear



view mirrors after the change-over. It is considered to be necessary to issue 
a regulation concerning the obligatory use of an external left-hand mirror so 
as to provide a horizontal angle of field of vision which shall be at least 15 
degrees.

The Institute has also studied the effects of the environment on pedestrian 
accidents in urban areas. A check list has been prepared for this purpose in 
order to find out how the street environment should be adapted to pedestrian 
traffic, particularly as regards the location and the design of street crossings.

With a view to collecting more data on the behaviour of pedestrians at street 
crossings, over 1 500 pedestrians have been filmed at 8 crossings in the Stock
holm area. Two motion picture cameras with automatic equipment for taking 
single frames were used at the same time. One of these cameras was employed 
for close-ups of the pedestrians, while the other was utilised for general views 
of the crossing area.

An analysis of these films made it possible to determine the main turns of the 
pedestrians crossing the carriageway. The distribution of the positions of the 
pedestrian at the moment when he observes the traffic from the right or from 
the left for the first time was also determined in this study. An index of 
direction of attention has been designed in order to show towards which side 
the pedestrian primarily directs his attention. The variation in this index with 
the position of the pedestrian in the crossing area has been represented by curves.

Moreover, these films have furnished data on the time gaps in the traffic 
stream which are rejected or accepted by pedestrians at crossings, on waiting 
times prior to crossing the carriageway, on the speed of the pedestrian crossing 
the carriageway, on the distance from the pedestrian to, and this movement 
towards, a passing vehicle, and on the position of the pedestrian before and 
during the passage of a vehicle.

It is considered that the direction of attention of pedestrians and the time 
gaps accepted by pedestrians are the parameters which constitute a measure of 
the adaptation of pedestrian to right-hand traffic. It is expected that changes 
in these parameters can afford a basis for appropriate measures.

Equipment for Traffic Studies

The development of the equipment for traffic studies in which the data are 
recorded on a punched tape has been continued, and has been directed towards 
automatisation. In addition to the improvement and construction of five vehicle- 
differentiating traffic counters (see Institute Report No. 47 A, p. 31), an axle- 
counting traffic counter has been designed, and five counters of this type have 
been constructed. In these counters, the number of axles as well as the time of 
day are also recorded on a punched tape.

The journey analyser of the Institute, which automatically records distance 
and time co-ordinates on a punched tape, has been supplemented with a special 
keyboard for manual recording of data in studies of overtaking and passing. 
These data relative primarily to the times which describe the formation of



platoons and the overtaking and passing manoeuvres. The keyboard comprises 
symbols which represent a vehicle in a platoon, an overtaking vehicle, etc. 
That configuration of the relative positions of vehicles which is met with at a 
given instant, and which has been recorded on the keyboard, is marked by means 
of luminous symbols in order to facilitate correct and well-differentiated 
punching of data on traffic operations.

As these journey analysers can also be used for time recording alone, they 
are utilised as components in an equipment for travel time measurements over 
comparatively long distances (about 5 km). At each end point of the road 
section under observation, photographs of passing vehicles are taken automati
cally for their identification. The instant of passage is recorded on a punched 
tape. Signals for timing synchronisation are transmitted by radio to ensure 
simultaneous resetting to zero of the electronic clocks. The film and punched 
tape motions are synchronised, first, manually at the start, and second, by the 
exposure, which is controlled by a vehicle detector on the road, and which 
in its turn controls the punching of the instant of passage on the tape. This 
equipment is operated by storage batteries.

The Department has continued the development of the motion picture cameras 
which can record requisite measurement data, e.g. time and speed, in a binary 
form, under the picture of a traffic situation. These cameras will replace those 
which are used in the above-mentioned equipment for travel time measurements, 
so that the data recorded on the punched tape and the corresponding data on 
the film will be identical.

Finally, an equipment has been designed for studies of distance-time relations, 
e.g. on grades and curves.

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 various countries.

Stockholm, September 1967.
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