
w arn STATENS V Ä G IN STITU T • STOCKHOLM
The National Road Research Institute, 1 1 4 2 8  Stockholm, Sweden

Annual report of 

the National Swedish 

Road Research Institute
(Statens väginstitut)

for the financial year 

1967—1968

R E P O R T 49 A

Stockholm 1969





C O N T E N T S

Page

Board .................................................................................................................................  5

Organization ...................................................................................................................  5

S ta ff ...................................................................................................................................  6

Buildings ..........................................................................................................................  6

Publications ...................................................................................................................... 6

Research and Investigation Work at the In stitu te ..............................................  8

Technical O ffice ........................................................................................................ 8

Road Surfacing Department ................................................................................. 9

Road Foundation Department ............................................................................  16

Geological D ep artm en t............................................................................................  26

Mechanical Department .......................................................................................... 31

T ra ffic  Department ................................................................................................. 39

Other Activities of the In stitu te ................................................................................. 50





Annual report of the 

National Swedish Road Research Institute
(Statens väginstitut)

for the financial year 1967—1968

Board

T h e  B O A R D  O F  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 N ational Swedish Road Administration, Chairman, and the Chief 
Engineer and Director of the Institute. Furthermore, the Government has 
appointed seven experts as Members of the Board.

Organization



6
Staff
C hief Engineer and Director o f the Institute: N ils G . Bruzelius.

D e p a r t m e n t

Chief Engineer  .................................
Administrative Office .............................

Chief Secretary: Sune Lans
Technical O f f ic e ........................................

Chief: Carl Erik Brinck
Road Surfacings D ep artm en t................

Department Chief: Olle Andersson
Road Foundation D ep artm en t.............

Department Chief: Olle Andersson
Geological Department ...........................

Department Chief: Folke Rengmark
Mechanical Department ........................

Department Chief: Gösta Kullberg
Traffic Department .................................

Department Chief: Stig Edholm

Staff engaged in

Special
General commis-

work sioned
work

..............................  i
  8 6

.................................... 5

.................................... 6 io

  4 8

.............................  5 io

.................................... 14 22

.................................... 5 14

Number of persons 48 70

Total staff 118

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 D e
partment, and its workshops, as well as by the T ra ffic  Department.

Publications
The following proceedings and reports (in Swedish, unless otherwise specified) 
have been published by the N ational Swedish Road Research Institute, Stock
holm, in the financial year 19 67— 1968:



Reports (Printed):

48 A . Annual Report of the National Swedish Road Research Institute
for the Financial Year 1966— 1967 (in English) .............................. 1968

Special Reports (Mimeographed):

55. Study Tour in the U .S.A . in the Autum of 1967, by O. Andersson 1967
56. Studies of Overtaking and Passing before and after Change-Over

to Right-H and T raffic , by K .-I. Å h m a n ................................................  I 9&7
57. Pedestrians at Pedestrian Crossings, by L. S jö s te d t ............................  1 9&7
58. Tests on Aggregates for Oiled Gravel, by A . Utter and T. Åström 1968
59. Danger o f Frost Cracks, with Special Reference to Type of Road,

T ype of Subgrade, and Freezing Index, by R. G a n d a h l..................... 1968
60. Number of T ra ffic  Accidents, Their Costs, and Representativity of 

Accidents N otified to the Police, in 1964, by P. O. Roosmark and
R. Fräki ............................................................................................................... 1968

6 1. Graddis Road. Geological Description Based on Aerial Photograph
Interpretation, by P. H ö b e d a .......................................................................  1968

62. Investigations of Frost Action on ö rträsk  19 61 Test Road, Road 
No. 353, County of Västerbotten, in the Period from 1961 to 1964,
by R . G a n d a h l...................................................................................................  1968

63. Investigations of Frost Action on Broängen 19 61 Test Road, E 4  
Road, County of Norrbotten, in the Period from 1961 to 1964, by
R. Gandahl ........................................................................................................ 1968

64. Investigations of Frost Action on Nordm aling A  1961 Test Road,
E 4 Road, County of Västerbotten, in the Period from 1961 to 1964,
by R . G a n d a h l...................................................................................................  1968

65. Investigations of Frost Action on Nordm aling B 1961 Test Road,
E  4 Road, County of Västerbotten, in the Period from 1961 to 1964,
by R. G a n d a h l...................................................................................................  1968

66. Use of Bark in Road Construction, by R . G a n d a h l............................  1968

Papers Published in Periodicals:

Die Bemessung der Strassen gegen Bodenfrost in Schweden, Strassen- und T ief- 
bau, No. 10, 1967.

On Ice Formation in Soils, Teknik och N atur, Publication in Honour of Gunnar 
Beskow.

Soil Freezing and Ground Water Investigations at Brån, Teknik och N atur, 
Publication in Honour of Gunnar Beskow.

Preventing Longitudinal Frost Cracks in Roads by an Insulating Layer of 
Bark (in English), X H Ith  International Road Congress, Tokyo, 1967.

Slip Form Setting Equipment for Concrete Pavements, Svenska Vägföreningens 
tidskrift (SV T), N o. 9, 1967.

Concrete Pavements and Soil Stabilisation with Cement, SV T , No. 10, 1967. 
Frost Insulation of Roads, SV T , No. 1, 1968.



Studded Tyres and Aggregates, SV T , No. i ,  1968.
"White Asphalt” , S V T , No. 1, 1968.
Rheological Behavior of Asphalt Pavings under T ra ffic  (in English), Proc. 

Second Int. Cong. Asph. Pavings, Ann Arbor, Mich., 1967.

Research and Investigation Work at the Institute
During 1967— 1968 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 P E R T  method.

Technical Office
Profitability o f Increase in A xle Loads

In most countries, including Sweden, roads are nowadays designed for axle loads 
that are higher than those which have been common earlier. This makes it possible 
to utilise heavier commercial vehicles, and their use, in its turn, contributes to a 
reduction in the cost per ton-kilometre of goods transportation. However, an 
increase in the permissible axle loads involves at the same time more severe 
requirements for the road pavements. Therefore, an increase of the bearing 
capacity throughout a road system necessitates heavy capital investments. The 
question whether an investment in an increased bearing capacity is justifiable 
can be answered by means of a profit-and-loss calculation, in which the re
duction in costs on the vehicle side may be considered to be a profit, whereas 
the costs entailed on account of the strengthening o f the road system may be 
regarded as an investment.

In order to study this question, the Technical O ffice has devised a special 
method, and has also investigated the road costs and the vehicle costs under Swed
ish conditions on the basis of those data on costs, utilisation of vehicles, etc., 
which are available at the present time.

The results of these investigations are presented in such a form as to make 
it possible to determine the size of that part of the road system in which an 
increase in the axle loads is profitable for assumed values of the depreciation 
period, the rate o f increase in the volume of goods transportation, and the 
rate of interest on investment.

A  report on these investigations w ill be published in the autumn of 1968.

Technical Documentation centre and Library

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



1 967— 1968. During the financial year under review, the Institute received 
about 1 1  000 abstracts and research project sheets (both in the form of standard 
size A  4 sheets) from the three main documentation centres, viz., the Laboratoire 
Central des Ponts et Chaussées, Paris, France, the Road Research Laboratory, 
Crowthorne, England, and the Forschungsgesellschaft fur das Strassenwesen, 
Cologne, Federal Republic of Germany. In conformity with a previous agree
ment, the Institute has prepared its own abstracts and report project sheets 
relating to the research projects in progress, and has sent them in an indexed 
form to the Road Research Laboratory, Crowthorne.

The abstracts indexed by means of descriptors, for which use is made of the 
O .E .C .D ./I.R .R .D . trilingual Thesaurus comprising about 3 000 descriptors, have 
been registered by w ay of trial with the help of automatic data processing since 
1968. In co-operation with the National Swedish Road Board, the Institute has 
got into touch with the Indexing Department of the Research Institute of the 
Swedish N ational Defence with a view to further development of this method 
of registration. Tentative registration of some thousand new abstracts is in pro
cess of being carried out at the Indexing Department by means of the C O RS- 
A IR - II  programming system used at the latter institute.

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

Road Surfacing Department
Compaction of Bituminous Surfacings

The effect of compaction on the service life of bituminous surfacings has been 
markedly accentuated in the course of the past few years on account o f the great 
increase in the number of vehicles equipped with studded tyres, and owing to 
the steadily increasing use of salt for deicing. The Road Surfacings Department 
has been making studies of compaction during several years. In 1965, field tests 
have been carried out on Road No. 143, County of Stockholm, in order to deter
mine the effect produced by the temperature of the bituminous mixture during 
rolling on the compaction of bituminous surfacings at a varying number of roller 
passes. These tests are being followed up. Comparative laboratory tests have 
been made in the road machine of the Institute in order to study the same vari
ables. A  theory of the cooling-down process in bituminous surfacings is dealt 
with in connection with these tests.

Furthermore, measurements have been carried out in the laboratory in order 
to compare different methods of determining the bulk density of test specimens 
taken from surfacings of various types. These measurements were made on 
cylindrical test specimens, and on cube specimens which had been sawn from the 
test cylinders. The object of these measurements was to study the effects pro
duced by the surface roughness, as well as by the size and the configuration of 
voids, on the determination of the volumes of test specimens. Preparatory tests



Diagram i

Cut-Back Bitumen SVI 4 (RMA 90)

Sample 
SV No.

Binder
Designation

Sampling
Date

Viscosity

Curve
No.

Temperature 
at 500 cst 

o f the Binder 
° C

Softening 
Foint R & B 

of the Distillation 
Residue ° C

2283 Before the Mix Process 10/8 -66 89,8 48,5 1
2328 After the Mix Process 10/8 -66 101,0 49,5 2
2480 From the Road Surfacing 4/11-66 108,0 51,7 3
2738 From the Road Surfacing 15/6 -67 109,7 50,2 4
2932 From the Road Surfacing 25/10-68 105,8 50,7 5

for the determination of the bulk density by means of radiation measurements 
have been carried out in the field as well as in the laboratory. A  Decca hidro- 
densimeter has been purchased for this purpose.

Test R oad Sections fo r Wearing Courses Made with Cut-Back Bitumen

Test specimens from test road sections provided with low-cost surfacings have 
been taken every autumn and spring after their construction in order to find out 
how the cut-back bitumen binders have altered in the course of time, and so as 
to follow the change in the degree of compaction under the action of traffic. The



M onths

Fig. i a. Klutmark Test Road. Variation in 
the degree of compaction with the time. 
Test road sections with dense grading of 
aggregate.

M onths
1 5

Fig. i b. Klutm ark Test Road. Variation in 
the degree of compaction with the time. 
Test road sections with open grading of 
aggregate.

investigation made for the first-mentioned purpose has shown that the altera
tions in the composition and in the viscosity of the binders occurred in the main 
during the production of the bituminous mixtures and in the course of the period 
immediately after their spreading, cf. Diagram i.

The investigation of the change in the degree of compaction with the time 
indicated a reduction of 30 to 35 per cent in the volume of voids after 15 months, 
see Figs. 1 a and 1 b.

In M ay 1968, about 2 years after completion, these test road sections were in 
an unchanged condition, with a few exceptions.

A  preliminary report on the construction of this test road and on the test 
results obtained up to now has been submitted in A pril 1968.

Investigation of Changes in Properties o f T ype R M A  90 Cut-Back Bitumen 
during Production and Spreading of Bituminous Mixtures for Low -Cost 
Surfacings

Test specimens from the low-cost surfacings made with cut-back bitumen as a 
binder which had been constructed during the period from 1961 to 1966 in the 
County of Västerbotten have been taken in 1966 in order to determine the prop
erties of the binder recovered from the test specimens. These determinations 
furnished information on the changes in the properties of the binders during the 
period from the production of the bituminous mixture to the time of sampling. 
T o find out how a cut-back bitumen changes in the course of the production and 
spreading of the bituminous mixture, a series of samples was taken in August 
1967 during the production and spreading of a mixture made with T ype



R M A  90 cut-back bitumen as a binder. In this case, the temperature of the ag
gregate during the mixing with the binder was varied from 7o °C  to H 5 °C . The 
equiviscous temperature o f the binder increased by 5 °C  when the mixing tem
perature was 70 °C , and by i2 ° C  when the mixing temperature was n o ° C .  The 
corresponding increase in the equiviscous temperature in the course of hauling, 
spreading, and compacting was about i ° C  at all mixing temperatures.

The softening point, the brittle point, and the ductility of the residue from 
distillation did not change during the production and spreading of the bitumin
ous mixture.

Judging from this investigation, it seems that the increase in the viscosity of 
the cut-back bitumen which takes place during the production of the mixtures is 
entirely due to the evaporation of the solvent. Therefore, when use is made of 
Type R M A  90 cut-back bitumen, an appropriate mixing temperature would 
appear to be 70 to 8o°C .

Ageing of Road Oils

A  comparatively detailed study dealing with the composition of aged and re
covered road oils has been carried out by means of infra-red spectrophotometric 
structural analysis. This analysis was made on road oils differing in origin, which 
comprised oils in the original state as well as oils recovered from oiled gravel 
samples that had been taken from surfacings.

Comparisons between the infra-red spectra of the original and the recovered 
road oils showed that the greatest changes had occurred in the carbonyl, car
boxyl, peroxide, and hydroperoxide groups. The percentages of these groups con
tained in the recovered road oils were considerably higher than those in the orig
inal oils, and this indicates extensive structural transformations by oxidation. 
Condensation of aromatic compounds also takes place at the same time as the 
oxidizing process, and leads to an increase in the persentage of asphaltenes.

The greatest changes in the structural composition o f the road oils subjected 
to this investigation occurred during the first two months after the spreading 
of the oiled gravel. It is probable that these changes were in part due to the 
evaporation of the volatile constituents. The percentage of aromatic compounds 
nearly doubled in the course of this period, and the percentage of aromatic 
derivatives diminished in a corresponding degree. The percentage of paraffinic 
components increased markedly in the paraffino-naphthenic road oils, and 
moderately in the paraffinic oils, whereas the percentage of naphthenes was 
reduced. The great increase in the percentage of asphaltenes, particularly in that 
of carboids and carbenes, indicates essential structural transformations due to 
condensation.

Those substances contained in a road oil which undergo oxidation and con
densation in the first place are the high-molecular polycyclic compounds, pri
marily resins, which are in this w ay converted into asphaltenes, see Table 1. A t 
the same time, the aromatic compounds which are lower in molecular weight 
than the resins condense into substances which are higher in molecular weight,



Road oil Age of
road
oil,
months

Distillate, per cent 
by volume of sample, 
up to a temperature of 
260°C 315°C  360°C

Temperature at 
a viscosity 
of 500 cSt 
Road Residue 
oil, from 
°C distilla

tion, °C

Asphal- 
tenes, 
per cent 
by
weight

Resins, 
per cent 
by weight

Carboids
and
carbenes, 
per cent 
by weight

Ratio of 
asphal- 
tenes 
to resins

Per cent of carbon atoms bound in

CA16IO Ca<J83i Cp7201 Cn

Shelgrol K  i ..................... 0 0 2.5 7-3 46 66 7 1 6 0.2 O.46 3 2 1 57 19
» ..................... 2 0 i -3 5-3 57 66 8 1 3 1 .6 O.57 6 19 6 1 14
» .................... 14 O 0 2.6 63 7 i 9 12 i -7 0.73 7 l8 6 1 14

» » ............. 37 0 0.6 3 -2 66 73 10 12 i *7 O.83 7 l8 61 14

Shelgrol  A B  1 0  ................ 0 O 3 -o 9-4 47 7 i 6 26 0.3 O.25 2 22 60 1 6

............. 2 O 1.0 7-5 60 75 8 24 !*3 O.31 3 20 64 1 3
» » .......... 14 0 0.8 6.0 64 7 6 9 22 1 . 1 O.41 — l8 63 —

............... 37 0 0 5-4 66 77 9 24 1 .0 O.40 — J 7 63 —

Esso Y S  ............................... 0 O.I 5*2 12 .0 43 70 9 12 0.3 O.80 4 20 56 20

............................... 2 0 0 5.0 64 74 1 1 12 1 . 1 0.90 7 l 9 60 14

........................... 14 0 0 4.1 70 77 1 2 1 1 1 .0 1 .02 7 18 60 15

............................... 37 0 0 3 -2 7 2 78 1 2 1 1 i -3 I.08 7 18 60 1 5

B P  550 ............................... 0 0 i -3 5-5 45 62 5 22 0 O.24 2 2 3 64 1 1

............................... 2 — — — 57 66 6 20 1 .4 O.32 3 19 65 1 3

............................... 14 0 0.5 3-5 62 68 8 19 1 .4 O.43 4 19 65 12

............................... 37 0 0 2.2 65 70 9 18 1 . 1 O.47 5 18 63 J 4

N y n ä s  4 1  .......................... 0 0 1.8 7 -2 45 64 7 18 0.4 O.42 4 2 1 6 1 14
...................... 2 0 1 .0 5-5 59 68 9 14 1 .6 0.68 — 18 62 —

...................... 14 0 0 5-3 61 7 ° 9 J 5 1.8 0.6 1 7 V 63 J 3

...................... 37 0 0 7 3.0 64 7 1 1 1 14 1 . 1 0.76 — 18 é 3 —

Table i .  Results of analyses of several original and recovered road oils



such as resins, among others, and this partly makes up for the loss of resins. N ew  
carboids and carbenes are formed by condensation of the constituents of as- 
phaltenes. This continuous increase in the molecular weights of the components 
of the aged road oils brings about an increase in the viscosity of these oils, and 
especially in that of the residues from distillation. In the course of 37 months of 
ageing, the equiviscous temperature of the residue from distillation of the road 
oils increased by 6 to 8°C .

Since asphaltenes, carboids, and carbenes consist in the main of high-mole
cular polycyclic hydrocarbons, viz., aromatic compounds, an increase in the per
centage of aromatic compounds gives rise to an increase in the percentage of the 
above-mentioned substances, and this is in accordance with the results of the 
present analysis. Resins have a lower aromaticity; they contain paraffino- 
naphthenic components, together with a high percentage of aromatic derivatives. 
The reduction in the percentage of aromatic derivatives was therefore associated 
with a decrease in the resin content, as may be seen from Table 1.

The road oils of a paraffino-naphthenic character exhibited a lower oxidation 
stability, and aged more rapidly, than the paraffinic road oils. The percentage 
of compounds containing oxygen was high, and the percentage of methylene was 
com paratively low, in all the first-mentioned oils, and this is characteristic of 
oils having a low oxidation stability.

Therm al Stability of Amines in A m ine-Asphalt Mixtures

In a mixture of asphalt and amine, the percentage of free amino groups is re
duced in consequence of chemical reactions. The rate of this reduction is de
pendent on the quantity of reaction-active substances contained in the asphalt- 
amine mixture, on the influence o f the oxygen in the air, and on the temperature 
of the mixture.

In order to determine the effect o f the temperature on the amine content, a 
series of heating tests was made on asphalt-amine mixtures. In these tests, 30 g 
of each asphalt-amine mixture was poured into a 250-ml beaker. A fter that, the 
samples exposed to air were heated at different temperatures for periods d iffer
ing in length.

The results of these tests, which are reproduced in Table 2, show that the rate 
of inactivation is accelerated as the temperature becomes higher, and that the 
percentage of titratable amine decreases at i8 o °C  much more rapidly than at 
1 20 °C . The rate of inactivation is also dependent on the ratio of the area of the 
surface of contact between the asphalt-amine mixture and the air to the weight 
of the sample. When different quantities of an asphalt-amine mixture containing 
0.8 per cent of fatty acid amine were heated in a 250-ml beaker, the amine con
tent decreased most rapidly in the sample where the contact surface area per unit 
weight of mixture was greatest, cf. Table 3.

The conditions met with in practice differ in several important respects from 
the conditions in these laboratory tests, and their results are therefore to be 
regarded as indicative only.



Table 2. E ffect of the temperature on the decrease in the titratable amine content 
of an asphalt-amine mixture

Heating time, 
hours

Amine content, 
120 °C

in per cent 
1 5o°C

of the initial content 
i8 o °C

0 ........................................ 100 100
2 ..................................................... ........................... 9 1 81 60

4 ..................................................... ........................... 86 68 28

Table j .  Effects o f the heating time and the contact surface area on the decrease 
in the titratable amine content of an asphalt-amine mixture

Heating
temperature,
°C

Heating
time,
hours

Amine content, in per cent 
at a contact surface area, in 
mixture, of

of the initial content, 
cm2 per g of

0.93 0.47 0.31

0 100 100 100
150 2 82 88
150 4 65 75 77

Tests of Dust Binder on G ravel Roads

The tests which had been carried out in 1965 and 1966 in the County of U pp
sala have provided information on an appropriate viscosity and a suitable com
position of the dust binder oil, as well as on a convenient method of its applica
tion. In M ay 1968, tests have been started in the County of Uppsala in order to 
study various methods of distributing the oil in the gravel, and different methods 
of maintenance of oiled gravel road surfaces. Moreover, these tests can also pro
duce information on the durability of the dust binder action (long-term effect), 
and on the economic aspects of its utilisation.

Effects o f Studded Tyres on Surfacings

During the financial year under review, the studies concerning the effects of 
studded tyres on surfacings have in the main been made in the road machine of 
the Institute, and dealt with wear of surfacings of various types. These tests 
have so far shown that the aggregate offers a greater resistance to wear than the 
binder in asphaltic concrete. Therefore, the studies in question have been con
centrated on those types of surfacings which contain a high percentage of large 
particles of coarse aggregate close to the surface, prim arily on surface dressing 
and on surfacings made with precoated chippings. The tests in the road machine 
were performed at temperatures just above the freezing point, and the road sur
face was sprinkled with water. The results of these tests cannot be applied with 
certainty to the wear of road surfaces under the action of real traffic. For this 
reason, measurements of changes in the transverse profiles have been started on



some approach roads to the C ity  of Stockholm. In order to avoid the effects of 
settlements in the subgrade, these measurements were made on concrete bridges. 
The average change in profile found from these measurements was not greater 
than 2 mm, while changes in profile over 5 mm were observed in the wheel- 
tracks.

Surfacings M ade with Light-Coloured Aggregates

Preparatory studies of surfacings made with light-coloured aggregates have been 
started in the financial year 1967— 1968. In the autumn of 1967, some surfacings 
containing light-coloured aggregates have been inspected in the C ity  of Stock
holm and in the County of Stockholm. This inspection was carried out, first, in 
daylight when the carriageway was dry, and second, in darkness when the car
riageway was wet. On roads equipped with permanent lighting, it was observed 
that the difference in brightness between surfacings with and without light- 
coloured aggregates was not particularly great in darkness when the carriageway 
was wet. The visual impression received by an observer in the driver’s seat was 
strongly influenced by the specular reflection of the lanterns from the road sur
face. On the other hand, on those roads which were not provided with per
manent lighting, a marked difference between surfacings with and without light- 
coloured aggregates was to be observed in darkness when the carriageway was 
wet.

In future, these studies w ill prim arily be concerned with the contrasts pro
duced on road surfaces which differ in brightness, when they are illuminated by 
the headlights of the observer’s vehicle and by those of vehicles moving in the 
opposite direction.

Road Foundation Department
Mechanical Properties o f Soils

Studies dealing with mechanical properties of soils have been made by means 
of the equipment for testing soil samples under the action of periodic repetitive 
compressive loads, cf. Institute Report No. 48 A , p. 16. In this equipment, the 
soil sample is subjected to a compressive load that varies with the time in accordance 
with a sine curve, whose frequency can be varied from 1/2 to 5 cycles per 
second, and whose double amplitude can be varied from 20 to 100 kg. The 
pressure is controlled the whole time in such a w ay that it varies from zero to 
the double amplitude.

These studies have been carried out on cohesionless soils (sand) and on cohesive 
soils. Investigations were made of the effects produced by the frequency and 
the amplitude of the load on the permanent component and on the periodically 
varying component of the deformation. N o effect of the frequency was to be 
observed in any one of these tests. In each individual load cycle, the reflation 
between the pressure and the load proved to follow  an exponential law. Further
more, this phenomenon exhibited a marked hysteresis, which was found to be



independent of the frequency. A  comparison with a static load was made by 
using an extremely low frequency of about 1/5 cycle per minute. The curve ob
tained under these conditions did not significantly differ from the curves recorded at 
other frequencies. In some cases, the tests have been extended to 50 000 load 
cycles. N o sudden change in the deformation which might be characterised as 
failure was to be observed. The permanent component of the deformation in
creased most rapidly at the outset, but the load-permanent deformation curve 
became gradually flatter. However, the increase in the permanent deformation 
during each loading period never became equal to zero. The periodic component 
of the deformation was considerable in the course of the first load cycles, but 
decreased afterwards, and was practically constant after about 500 load cycles. 
During the first load cycles, the permanent deformation in each load cycle was 
of the same order o f magnitude as the periodic deformation. The permanent 
component of the deformation in each load cycle became progressively smaller, 
but the total permanent deformation after a few hundred load cycles pre
dominated completely over the periodic deformation. The variation in the total 
permanent deformation with the amplitude of the load was entirely different 
from the variation in the instantaneous deformation with the instantaneous 
pressure. In fact, as the amplitude of the load became greater, the rate o f in
crease in the permanent deformation became considerably higher than that 
which would correspond to a linear function of the load amplitude. This effect 
m ay be supposed to be due to a redistribution of particles in the material, and 
w ill be made the subject of further studies.

W ave Propagation Measurements

The equipment for measuring the velocity of deformation wave propagation in 
pavements has been described in Institute Reports Nos. 46 A , p. 18, 47 A , p. 1 1 ,  
and 48 A , pp. 18 to 19. In the financial year 1967— 1968, this equipment has 
been used in various field tests.

The Sundsvall— Östersund section of E 75 Road, County of Jäm tland, 
handles heavy traffic (timber haulage by lorries), mainly in one direction of 
travel. It was therefore of interest to find out whether this unilateral traffic 
load produced any measurable effects on the road structure. Fig. 2 shows the 
results obtained at one of the points of observation in the measurements which 
were made for this purpose. These results relate to a date before the change-over 
to right-hand traffic in September 1967. In that half of the road which was 
exposed to heavy traffic, the values of the velocity of wave propagation (and 
hence the values of the modulus of elasticity) at all frequencies were found to 
be higher than those in the other half. Probably, this indicates that the pavement 
has been after-compacted by the timber lorries. These tests w ill be repeated in 
the autumn of 1968, one year after the change-over to right-hand traffic.

In Institute Report No. 48 A, p. 19, mention has been made of the measure
ments carried out in a clay field. In order to ascertain how the modulus of 
elasticity varies with the season (primarily with the moisture content of the



Fig. 2. Relation between the 
velocity of wave propagation 
and the wave length. Traffic 
lanes carrying heavy traffic 
(full-line curves) and com
paratively light traffic (dash- 
line curves). The approxi
mately horizontal curve 
branches in the ranges from 
40 to 100 cps and from 200 
to 300 cps represent layers 
which were situated at d iffer
ent depths, and which differed 
in the modulus of elasticity. 
The modulus of elasticity is 
proportional to the square of 
the value of the ordinate.

soil surface layer), these measurements have been repeated at different times. 
The results of the measurements are reproduced in Table 4, which gives the 
velocities of wave propagation, in metres per second, at various frequencies.

As is seen from Table 4, the variation in the dynamic modulus of elasticity of 
the surface layer amounted to about 100 per cent in these measurements 
(E =  k  • q • v 2).

On a road embankment forming part of an abandoned road, measurements 
have been made in the summer of 1967 along four parallel lines of observation 
situated in the longitudinal direction of the road at distances of 1.0, 1.5 , 2.0, 
and 2.5 m from the edge of the road. The respective values of the velocity of 
wave propagation in the gravel base of the road were found to be 180, 200, 2 10 , 
and 220 m per sec. Hence it was concluded that the base was more densely 
compacted towards the centreline of the road. This was subsequently confirmed 
by the determinations of the bulk density at distances of 1.0  and 2.0 m from 
the edge of the road, where the respective values were 2 .15  and 2.38 metric tons 
per cubic metre. Thus, in this case, an increase of 17  per cent in the velocity of 
wave propagation corresponded to an increase of 1 1  per cent in the bulk density. 
Measurements have also been made on February 2nd, 1968, along the same line 
o f observation on the frozen pavement. The depth of frost penetration, de
termined from the observed values of the velocity of w ave propagation, was 
50 cm. This result was closely in agreement with the value which was measured 
in a test pit on the same day, and was found to be 52 cm.

v’ V  -H

E 75 Road. Section 16/060

Measurements rade on August 23rd, 1967, before the change-over 

to right-hand traffic 

Temperature + 16°C

  Heavy traffic

  Comparatively light traffic

V

Wave length, m



Table 4. E ffect o f the moisture content on the velocity of wave propagation at 
different frequencies in a clay fie ld

Date Temper-
ature,
°C

Frequency, cycles per second

40 50 60 70 80 90 100 120

16.8.66 15 — 74-5 — — 69 — 66 60
26.4.67 1 1 74 7 i 65 61 61 59 58 57-5
26.5.67 15 73 73 65 66 63 64 63.5 63

7.8.67 14 9 3 78 74 69 7 2 74 76 75

A t the present time, the Road Foundation Department is investigating the 
possibilities of using the wave propagation method for continuous measurements 
of the bearing capacity of soils.

C H L O E  Profilom eter

The C H L O E  Profilometer purchased in 1963 has been briefly described in 
Institute Reports Nos. 43 A , 45 A, 46 A , and 48 A. During the financial year 
under review, it has been used to study the effects produced by frost action and 
by traffic loads on the serviceability o f roads. The effects of heavy traffic are 
exemplified in Table 5.

Compaction of Soils and Control o f Compaction

The Road Foundation Department has revised the Swedish standard specifi
cations and recommendations for compaction of soils. This revision comprised 
a study which dealt with the requirements stipulated for compaction of soils 
in some ten countries, as well as with the necessary conditions for the use of the 
present-day laboratory and field methods of determining and checking the 
compaction characteristics and the degree of compaction of soils and road 
construction materials.

One of the reasons for the above-mentioned revision is stated in what follows. 
According to the opinions which have been expressed in several quarters in 
Sweden, the serviceability of Swedish roads is not satisfactory, and this is 
considered to be due to the fact that the various courses constituting the road 
structure have not been adequately compacted. The present Swedish regulations 
for compaction of soils in road construction should therefore be rendered more 
severe.

In the compaction of various soils and road construction materials, it is 
desirable, for engineering reasons, to produce layers or courses having the highest 
density, and hence the greatest stability, that is possible with due regard to the 
characteristics of each material. Furthermore, for economic reasons, it is re- 
commendable to produce this density in layers which are as thick as possible 
by expending the smallest amount of labour possible, and at the same time to 
secure the requisite stability.



Table  j .  Results obtained from  measurements o f the serviceability o f roads made 
by means of the C H L O E  Profilometer. The object o f these measurements was to 
study the behaviour o f a pavement exposed to heavy traffic (timber haulage by 
lorries) mainly in one direction. R A  =  R olled asphalt. SD  — Surface dressing

Road Road section 

No.

Road
completed
in

Surfa
cing

Year Annual 
average 
daily 
traffic 
in 1963

Present
Serviceability
Index
Road half Opposite 
exposed road 
to heavy half 
traffic

County of Västernorrland 
E75 Sundsvall—Boundary of 

the County of Jämtland
Hemgraven— Västerlo . . . . . 1965 R A 1966 1600 3.30 3*33

Västerhångsta— ö h  ........... . . 1964 R A 1965 1600 2.72 2.70
ö h — Tälje ........................... . . 1963 R A i 9 64 1800 2.84 2-55

87 Boundary of the County 
of Jäm tland— Sollefteå
Fångsjöbacken—Bruksån . i960 SD 1961 700 1.68 1.5 1
Bruksån— M ärrviken . . . . 1961 R A 1965 7^5 3.87 3.68
Märrviken— Bäckingsån . . 

90 Näsåker— Sollefteå ...........
•• 1959 SD i960 1100 2.13 2.24

Lidgatu—Norrtanflo . . . . 1961 R A 1963 950 3-H 3-37
Norrtanflo— Selsjön ......... . .  1969 R A 1961 825 2.51 2.51

331 Åkroken— S. Graninge . . . SD 1961 200 2.03 2.07

County of Norrbotten 
96 Älvsbyn— Piteå

Arnemark—Pålberget . . . . . .  1964 SD 1964 550 i -95 2.18
Pålberget— Bölebyn ......... . .  1963 SD 1963 700 2.09 2.21

97 Jokkm okk—Boden
Vuollerim—Lagnäsån . . . . . .  1964 SD 1964 S2 5 2.12 1.97
Lagnäsån— Storsand ......... . . 1965 SD 1965 52 5 2.23 1.98
Storsand— Edefors ........... . .  1964 SD 1964 52 5 2.08 2.13

98 ö verk a lix— Töre
M orjärv—Lagnaträsk •• 1963 SD 1963 825 2.07 2.08
Lagnaträsk— Törböle . . . . . .  1964 SD 1964 800 2.17 2.15

543 Åträsk—Lill Pite ............. . .  1964 SD 1964 310 1.69 1.66

In order that the compaction of various soils and road construction materials 
may give satisfactory guarantees to ensure that the stability requiered or specified 
for each individual course has actually been secured, and that the compaction 
work has been carried out in an economically acceptable w ay, the regulations 
can in principle stipulate either a specified method of compaction, or a specified 
final compaction result, or both. I f  the regulations stipulate a specified method



of compaction, then the compaction work is checked by control o f operations. 
On the other hand, if  the regulations stipulate a specified final compaction result, 
then the work is checked by control o f results.

When the Swedish regulations for road construction were in preparation in 
the middle i95oies, the Institute advised against the stipulation of control of 
results in the new regulations. Instead of this, the Institute recommended control 
o f operations. A fter the question of regulations for compaction and control of 
compaction had been taken up by the Institute in 1 967 for renewed examination, 
the Institute has submitted a report to the National Swedish Road Board. In 
this report, the Institute maintained the opinion that no methods have so far 
been evolved to justify any basic amendments to the regulations for compaction 
that are included in the recommendations issued in 1963, which stipulate control 
of operations.

However, the Institute has suggested certain amendments and additions to the 
regulations concerning the distribution of fill materials, compaction methods, 
and compaction control in fill construction.

Methods of Soil Stabilisation

The observations and measurements on the test roads and test runways of the 
Road Foundation Department, cf. Institute Report No. 48 A , pp. 20 to 2 1, have 
been continued in conformity with a plan prepared to cover several years. The 
measurements on two of the test roads will be completed in 1968. The experi
ences derived from these measurements w ill be summarised in final reports.

For the extension of E 3 Road, County of Älvsborg, the whole road section 
under construction is provided with a lower base, which consists of a cement- 
stabilised gravel course, 17.5 cm in thickness, and an upper base, which is a 
bitumen-stabilised gravel course, 7.5 cm in thickness. In this connection, the 
Department performed a field test in order to investigate certain methods of 
reducing the development of cracks which often form in bituminous surfacings 
constructed on cement-stabilised soil layers, and which are due to deformations 
of the cement-stabilised layers caused by temperature and shrinkage stresses. 
This test was made on four test road sections, 150 m in length each, which d if
fered in design. The methods studied in this test were, first, insertion of a sand 
or gravel layer varying in thickness between the cement-stabilised lower base 
and the upper base, and second, compaction of the hardening cement-stabilised 
base by means of a vibratory roller immediately before the construction of the 
bituminous surfacing. A fter this test road had been in service for one winter, it 
was found that the road was in a good condition, and that the number of cracks 
was very small.

In road construction on subgrades which contain fine-grained soils in the 
upper layers, it appears advisable to stabilise the surface layer of the subgrade 
with lime. A  trend of opinion which seems to become more and more general is 
that this stabilisation with lime considerably facilitates the construction of the 
courses situated above the subgrade (i.e. the course which constitute the pavement



Fig. 3. Relation between the irregularities of 
the road surface and the pavement thickness 
on subgrades stabilised or not stabilised with 
lime.

proper), especially when the construction takes place in wet weather in the 
autumn. Moreover, it may be expected that a course stabilised with lime and 
located immediately below the pavement w ill also in most cases increase the 
bearing capacity of the finished road. In fact, it has been found that the bearing 
capacity which can be determined by means of static load tests on the road sur
face is actually increased by the use of subgrade layers stabilised with lime. 
However, an engineering as well as economic advantage which is of still greater 
interest is that this increase in the static bearing capacity also improves those 
characteristics of the road structure which enable the pavement surface to remain 
even under the action of traffic. The results obtained from the measurements of 
surface irregularities which have been made on a test road in the County of 
Värmland seem to confirm the correctness of this statement, see Fig. 3. These 
measurements showed that the surface irregularities of the test road section had 
been subject to seasonal variations — after the period of thaw, the surface was 
less even than in the autumn. In particular, when the pavement was relatively 
thin, the surfaces of the test road sections constructed on a subgrade whose sur
face layer had been stabilised with lime were more even than those of the test 
road sections where the thickness of the pavement was the same, but the surface



layer of the subgrade had not been stabilised with lime. So far as the ability 
of the road surface to remain even is concerned, a pavement, 40 cm in thickness, 
on a lime-stabilised subgrade is equivalent in this case to a pavement, 60 to 65 cm 
in thickness, on a non-stabilised subgrade.

Field tests have been started in 1966 in the County of Värmland in order to 
study the possibilities of reducing or preventing frost penetration into the road 
structure by using layers of materials having a high thermal insulating power. 
These tests were completed in 1967. A  great number of test road sections 
provided with thermal insulation of various types were constructed on the same 
road (Edsvalla 1967 Test Road). For reasons which have been stated in Institute 
Report No. 48 A , p. 3 1, this test road was planned so as to include a number of 
road designs which comprised a stabilised base placed between a resilient insulat
ing layer and a bituminous wearing course in order to preclude an increase in the 
elastic deformations of the wearing course under the wheels of vehicles, and thus 
to guard against an increase in stresses due to these deformations, which would 
otherwise be caused by the presence of the insulating layer. The stabilised bases 
used for this purpose are: bitumen-stabilised gravel courses, 6, 10, and 12  cm in 
thickness, as well as cement-stabilised gravel courses, 10 and 15 cm in thickness, 
made of an ordinary, earth-moist mixture, and a cement-stabilised gravel course, 
15 cm in thickness, of plastic consistence. The last-mentioned type of stabilised 
course is the only one that can be constructed direct on a resilient insulating 
layer, because the spread material is easy to compact. The other two types of 
stabilised courses, in which bitumen and cement are used as the respective sta
bilising agents, require an intermediate gravel layer for satisfactory compaction.

Construction of Soil Embankments in W inter-Tim e

In order to ensure full employment, the Swedish authorities consider it desirable 
that road construction should also be carried on during the cold season. Rock 
blasting and construction of rock embankments have long been regarded as 
operations which can be performed without difficulty in the winter. N owadays, 
the scope of winter construction has been extended in certain cases so as to in
clude earthwork operations required for construction of soil embankments. FIow- 
ever, it has often been found in this connection that the settlements in the em
bankments constructed in the winter-time were large, and took place during long 
periods of time, with the result that expensive subsequent adjustments were some
times necessary. In order to study the possibilities of improving the results ob
tained in earthwork operations involving soils, a production-oriented investiga
tion, which is conducted in the field as well as in the laboratory, has been started 
in the winter o f 19 67— 1968. The object of the field investigation is to find out 
how far it is possible, under various winter conditions, to obtain non-frozen 
excavated materials, as well as to place and properly to compact the soil masses 
in embankments. The inception and the development of soil freezing in embank
ments are also investigated in this connection. The properties of embankments are 
studied by measuring settlements on the surface and at several levels below
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the surface. N o appropriate methods were available for the measurements below 
the ground level, and some methods which had been used for analogous pur
poses were therefore further developed at the Institute. The object of the labora
tory studies comprised in this investigation is in the first place to determine the 
effects produced by the temperature of the soil on the compaction characteristics 
o f typical Swedish soils.

Geological Department
Frost Research

örträsk  19 61 Test Road was constructed for the purpose of studying the form a
tion of longitudinal frost cracks. On a road section which had been heavily 
damaged by cracks, some parts of the road have been altered by providing them 
with V-shaped insulating layers consisting of sand or bark. It was found that 
both these materials effectively prevented the formation of frost cracks. On Bro
ängen 1961 Test Road, as well as on Nordmaling A  and B 19 61 Test roads, 
which had been built in the same year, the materials under test were gravel, 
bark, and morainic soil which belongs to Frost Susceptibility Class I I :  Moder
ately frost-susceptible soils, cf. Institute Report No. 46 A, p. 27. The object of 
these tests was in part to supplement the investigations dealing with the liability 
of pavements of the types in question to development of frost cracks, but their 
main purpose was to examine more closely the effects of various materials on 
soil freezing and thawing. These investigations gave practical values of the frost- 
limiting properties of several materials. In particular, the results brought out the 
high frost-insulating power of bark. The results of the investigations made on 
Nordmaling A  Test Road afforded a basis for determining that thickness of a 
bark layer which is required in order to prevent frost penetration at a given 
value of the freezing index.

Observations were continued on Edsvalla 1966 Test Road, which had been 
built in the summer of 1966. Tw o new test roads, viz., Edsvalla A  and B 1967 
Test Roads, which form part of the same road, were constructed in 1967. The 
total length of these roads is 900 m, and they are equipped with measuring in
struments at 45 sections o f observation. Edsvalla Test Roads are used to test the 
frost-insulating properties of various material.

On account of the unusually cold winter of 1967— 1968, the measurements 
have already given definite indications during this first freezing season. Thus, 
it was found that the foamed plastics were able to prevent frost penetration very 
effectively. Figs. 4 and 5 represent a summary of the values of frost heave and 
frost penetration relating to a freezing index of 860 degree-days, which has been 
reached during this winter. It may be noted, among other things, that the depth 
of frost penetration has not passed below a layer of foamed plastic, 8 cm in 
thickness, see Road Section 1 1 .  It is true that a layer of foamed plastic, 4 cm in 
thickness, see Road Section 12 , has not proved able to prevent frost penetration 
through the insulating layer, but the frost zone did not reach the subgrade. Even
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a layer of foamed plastic that was as thin as 2 cm, see Road Section 13 , has con
siderably reduced the depth of frost penetration into the subgrade. The frost 
heave was therefore diminished in a corresponding degree. The relation between 
the depth of frost penetration and the thickness of the layer of extruded poly
styrene foam (Road sections 1 1  to 14) is shown in Fig. 6.

Investigations of Aggregates 

Field Studies

A  survey o f sources of aggregates has been made near the Arctic Circle, in the 
westernmost Swedish portion of the future internordic road Luleå (Sweden)— 
Bodö (N orw ay). As the area to be surveyed was vast and little known, and since 
no geological maps of this area were available, aerial photograph interpretation 
had to be utilised to a great extent. This method was found to be particularly 
valuable in surveying of materials and in soil mapping in the naked mountain 
region. Ffowever, in the eastern birch forest portion of the road site, the visibility 
of terrain features is very limited. Some geological observations, etc., made in this 
area have been summarised in Special Report N o. 6 1.

An investigation of bedrock characteristics has been carried out in connection 
with a planned m otorway in the County of Fialland. Similar investigations have 
been started as reconnaissance studies for the planned motorways in the Coun
ties of Jönköping, Göteborg and Bohus, and Älvsborg. It is very important to 
determine the quality of bedrock at an early stage so as to be able to estimate 
the suitability of the available rock materials for road pavement construction, 
and to find the most appropriate locations o f crusher plants.
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Fig. 7. Coefficient of brittleness determined at 
40 blows by means of the new falling weight 
equipment on glass beads, 8 mm in diameter. 
A . Non-guided plunger. Average deviation 
from the mean value, “ sm” , =  3.o, i.e. 10.3 per 
cent of “ sm” . B. Guided plunger. Average devi
ation from the mean value, “ sm” , =  o.6, i.e. 1.4 
per cent of “ sm” -

Field surveys and laboratory investigations of some rock materials which can 
be used as aggregates for concrete have been made in connection with the in
vestigations carried out by the Road Foundation Department in order to study 
the wear of concrete pavements under the action of studded tyres.

Laboratory Investigations

Previous tests made by means of the new manually operated falling weight 
equipment and the corresponding old equipment have indicated that the new 
equipment, which is now operated by an electric motor, see Fig. 1 6, worked 
better than the old one. However, the test results exhibited a large dispersion. 
This might be due to inhomogeneities of the material in the fraction under test, 
which were caused by the variations in the petrographic characteristics, in the 
occurrence o f microcracks, in the particle size, in the particle shape, and in the 
distribution of particles in the surface layers in the cylindrical mould.

In order to eliminate the effects of these factors so far as possible, a series of 
tests was made on glass beads. The results obtained from these tests showed unam
biguously that the dispersion was small when use was made of a guided plunger, 
see Fig. 7. Accordingly, it appears that the dispersion is not caused by the equip
ment as such, but is due to the plunger itself. In fact, the use of a non-guided 
plunger resulted in a very high dispersion. This may probably be attributed to the 
circumstance that each blow gives rise to a strongly marked redistribution of the 
beads, which does not occur when the plunger is guided.

Tests have been performed on two different aggregates, viz., diabase and a 
granitic material. Each test series comprised 50 determinations of the coefficient 
of brittleness, see Fig. 8. For diabase, which is a relatively tough aggregate ma
terial, just as for the glass beads, the greatest dispersion was observed when use 
was made of the non-guided plunger, but the difference in dispersion between 
the two plungers was comparatively small. On the other hand, in the tests on the 
granitic material, which is more brittle than diabase, the guided plunger resulted
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in a wider dispersion than the non-guided plunger. The cause of the difference 
in dispersion between these two materials has not yet been completely ascer
tained, but is probably bound up with the fact that there is a difference in the 
redistribution of particles between the tougher and the more brittle materials 
during the tests, and that the same plunger therefore behaves differently when 
applied to these two materials, which have dissimilar physical characteristics.

Tests have furthermore been performed on three other aggregates, viz., quartz, 
combined gravel and crushed stone, and a granitic material. On these samples, 
ten determinations of the coefficient of brittleness were carried out in each test 
series, and use was also made of the old falling weight equipment. The disper
sion in the observed values, expressed in terms of the percentual average devia
tion from the mean value, is shown in Fig. 9. It is clearly seen from this graph 
that the old falling weight equipment gave rise to a greater dispersion in test 
results than the new equipment in all tests, and that the dispersion increased as 
the strength of the material became greater. The latter statement is also appli
cable to the new falling weight equipment, but when the plunger was guided, this 
trend was less pronounced than in the case of the non-guided plunger. In the 
tests made with the non-guided plunger, the dispersion was slightly smaller than 
that in the case of the guided plunger when the strength of the material was 
comparatively low, whereas it was greater when the strength of the material was 
relatively high. The dispersion was expressed in terms of the average deviation, 
in per cent.

The relation between the respective values of the coefficient of brittleness 
obtained by means of the old and new falling weight equipments is shown in 
Fig. 10. It is seen that nearly all latter values are higher than the former. Thus,
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when the plunger was not guided, the coefficient of brittleness was about 2 units 
higher, and when the plunger was guided, it was about 4 units higher, than that 
which was obtained by means of the old equipment.

In connection with rock investigations and surveys of aggregate sources, the 
petrographic characteristics, which had been evaluated by examining thin sec
tions, 0.02 mm in thickness, by means of a polarising microscope, were correlated 
with the properties of aggregates which had been determined in the laboratory. 
The thin sections were prepared from rock particles impregnated in a test tube 
with a highly fluid monomer, which was cause to polymerise, and then the mass 
obtained in this w ay was used to make a polished thin section. Such a thin section 
can be employed to study the mineral composition of the rocks, their texture, 
porosity, weathering phenomena, etc. Moreover, the examination of thin sections 
can produce information on wear characteristics, resistance to weathering, and 
other properties which do not manifest themselves in the usual tests o f aggre
gates. It can also provide data on the variability of aggregates. It is important 
to be able to use this method of examination of samples which have been used 
on roads, but have not withstood the stresses due to traffic. Samples from the test 
road at Åkeshov, C ity  of Stockholm, see Proceedings No. 65 of the Institute, 
have been subjected to microscopic examination. Surface studies have been made 
on core cylinders drilled from the concrete pavement on Road No. 76, Stock
holm— Norrtälje, in the autumn of 1967 and in the spring of 1968. In this con
nection, special attention was paid to the mechanism of wear, and its seems desir



able that similar studies should also be carried out on core cylinders drilled from 
pavements on roads where use is made of other aggregates and other types of 
surfacings. In addition, analogous investigations have been carried out on bitu
minous surfacings which were tested under the action of studded tyres in the 
road machine of the Institute.

Laboratory tests dealing with wear of aggregates due to studded tyres have 
been performed by means of a British Accelerated Polishing Machine of a modi
fied type. Some results of these tests have been published in the Swedish Road 
Association Journal, No. i, 1968.

The resistance of aggregates to high temperatures has been investigated by 
using a new German method. The aggregates were heated up to 700°C . The 
resistance of aggregates to high temperatures is considered to be important for 
evaluation of their suitability for bituminous surfacings, since some aggregates 
tend to disintegrate in the dryers of the asphalt hot-mix plants. However, the 
temperature used in these tests, i.e. 700 °C , seems to be too high. In fact, the 
granite and the gneiss under test disintegrated almost completely, whereas other 
rocks, such as diabase, limestone, etc., proved better able to withstand these tests. 
The disintegration is prim arily due to the increase in volume which takes place 
on account of the change in the type of quartz at 575 °C , but is also dependent 
on other factors, such as texture and mica content.

Investigations have been started in order to evaluate the suitability of various 
aggregates for road pavements. Some materials which had been found to be 
unsuitable in practice, e.g. weathered granite, mica schist, chlorite schist, coarse 
crystalline amphibolite, etc., have been procured for the tests. The characteristics 
studied in these tests comprise the percentage of crushed material obtained during 
construction and under the subsequent action of traffic, the elastic properties, 
the resistance to weathering, the plasticity and the frost heave properties of the 
fines formed by the aggregate, as well as the sand equivalent of the fines. It is 
expected that the results of these tests w ill afford a more reliable basis for 
estimating the suitability of some aggregates for road pavements.

Mechanical Department
Permanent T  est T  rack

The National Swedish Road Research Institute, just as many other Swedish 
State authorities and institutions, has long been in want of a test track which 
could be used for investigations dealing with highway engineering, vehicle en
gineering, and traffic engineering, as well as with traffic safety. Field tests have 
so far been carried out on roads and in air fields, and this has given rise to cer
tain difficulties. The Institute has therefore been requested by the National 
Swedish Road Safety Council to make an inquiry concerning the need for, as 
well as an appropriate design and location of, a permanent test track for re
search and test purposes. This inquiry is nearly completed.



Friction Investigations

Friction Measurements on Roads in Summer-Time
In order to form an estimate of friction on surfacings of two types, viz., rolled 
asphalt concrete and surface dressing, under various conditions concerning 
season, traffic, situation in the terrain, etc., the Mechanical Department, in col
laboration with the Road Surfacings Department, has started a series of inves
tigations which shall be continued during several years. For this purpose, 20 
test road sections have been chosen at random in Central Sweden. Equal num
bers of these road sections are located in exposed and protected terrain situations. 
The friction measurements will be made three times every year, in the spring, 
summer, and autumn, by means of a T ype B V  5 Skiddometer of the Institute. 
They w ill be performed at 4 speeds, viz., 20, 40, 60, and 80 km per h, at the 
optimum slip and in the locked-wheel condition, in both directions of travel. 
The measurements in the autumn of 1967 have been carried out, and their results 
have been subjected to a preliminary evaluation. The measurements in the spring 
of 1968 have been commenced. Photographs of the pavement surfaces on the 
test road sections have been taken before the first series of measurements, and 
these surfaces w ill be inspected at regular intervals.

The depth of tread pattern required for tyres which are reliable in service is a 
subject that has become again a topic of the day in the discussion of road traffic 
safety. In particular, attention has been directed to the phenomenon, known as 
aquaplaning, to which a wheel of a vehicle can be exposed in case of abundant 
rain or when a layer of water accumulates on the carriageway after rain with 
the result that the skid resistance of the wheel is annihilated, that is to say, the 
wheel completely loses its grip on the pavement surface.

The Institute has studied this problem in field tests which were made on an 
air field runway in the autumn of 1967 and in the early summer of 1968.

For the autumn tests, which were of a preliminary character, an area, about 
50 m in length and about 0.6 m in width, on the taxiw ay of the air field was 
converted into a shallow water pool by bordering this area with raised edges 
consisting of rubber strips, see Fig. 1 1 .  The braked test wheel of a T ype B V  8

Fig. 1 1 .  Water pool used for aquaplaning tests.



Fig. 12. Aquaplaning 
test performed with a 
Type BV 8 Skiddometer.

Skiddometer was made to roll in this water pool, see Fig. 12 . The tests were per
formed at speeds which were increased in steps up to 140 km per h. The friction 
in the water pool was compared with the friction in a reference area of the taxi
w ay, which was only wet, and which was situated in front of the pool. It was 
not possible to obtain a uniform depth of water throughout the length of the 
pool, because the taxiw ay surface, which constituted the bottom of the pool, and 
which is provided with a rolled asphalt concrete surfacing, has a slope, and ex
hibits surface irregularities. The tests were made at two depths of water in the 
pool, viz., 7 to 8 mm and 12  to 13 mm. The tyres used in the tests represented 
four different stages of wear, which ranged from an entirely new, merely run-in 
tyre (depth of tread pattern about 10 mm) to a completely smooth-worn tyre 
(zero depth of tread pattern). The braking tests were carried out with a rolling 
wheel (optimum slip) as well as in the locked-wheel condition (1 oo-per-cent
slip)-

The results of these tests are exemplified in Fig. 13 . It is seen from this graph 
that the coefficient of friction in the water pool approached zero at a certain 
definite speed. For the tyre with full depth of tread pattern, this aquaplaning 
speed was somewhat higher than for the tyres where the depth of tread pattern 
was small. Furthermore, Fig. 13  shows that the effect produced by the depth of 
tread pattern on the coefficient of friction in the reference area, which was 
merely wet, proved to be relatively slight for a pavement surface of this type.

In order that these tests might also be continued on thin, uniformly deep, and 
continuous layers of water, a horizontal channel, which had roughly the same 
dimensions as the pool used in the previous tests, was therefore cut in the taxi
w ay pavement after accurate levelling, see Fig. 14. Early  in the summer of 1968, 
tests were carried out in this channel and in the adjacent reference test area. 
Both these tests areas were provided with a smooth wearing surface, which con
sisted of epoxy resin strewn with sand, o to 2 mm in particle size. These tests w ill 
be repeated on a rough wearing surface, which is made of epoxy resin strewn with 
aggregate, 6 to 10 mm in particle size.



Speed, km per h

Fig. 13 . Relation between the coef
ficient of friction and the speed 
on a merely wet surface and in 
a water pool, 12 to 13 mm in 
depth, for tyres differing in the 
depth of tread pattern.
1. Depth of tread pattern 10 mm. 

Merely wet surface.
2. Depths of tread pattern o, 1, 

and 3 mm. Merely wet surface.
3. Depth of tread pattern 10 mm. 

Water pool, 12 to 13 mm in 
depth.

4. Depths of tread pattern o, 1, 
and 3 mm. Water pool 12 to 
13 mm in depth.

The tests in the channel were performed in the same w ay as the previous tests 
in the pool. Use was made of three depths of water, viz., 2, 4, and 8 mm. Friction 
was studied on tyres of a common make, o, 1, 3, and 10 mm in depth o f tread 
pattern, on A ST M  tyres (standard tyres for friction measurements), o, 3, and 
10 mm in depth of tread pattern, and on an A ST M  tyre on which transverse 
grooves, about 5 mm in width, had been cut through the rib pattern, 10  mm in 
depth of tread pattern. In addition, the test specimens included two radial tyres 
of another common make. One of them represented a new design, and was 
provided with special drain holes for improving wet friction. The latter two 
tyres were tested only with full depth of tread pattern.

The results of the measurements made during the early summer tests are in 
process of evaluation, but a preliminary examination of the data has shown that 
a considerable reduction in friction had been observed on this smooth surface 
even when the depth of water was as small as 2 mm. In the speed range covered 
by the tests, the coefficient of friction was sometimes as low as 0.05 to 0.10.

Fig. 14. Cutting a channel in a pave
ment with the help of levelled rails.



As the speed became higher, the coefficient of friction in the reference test 
area, which was only wet, decreased more markedly when the depth of tread pat
tern of the tyre was small than when it was great. When tyred wheels are rolling in 
a layer of water, a certain difference between tyres with small and great depths of 
tread pattern can be observed at the outset of aquaplaning, that is to say, while 
the friction level is still relatively high. For a tyre having a great depth of tread 
pattern, the friction decreases below a given level at a higher speed than for a 
corresponding tyre with a small depth of tread pattern. This difference becomes 
less important when the aquaplaning is complete, or thereabouts, as the friction 
is then nearly at a zero level. Moreover, these tests showed that the friction 
characteristics of the A ST M  tyre running in a layer of water were substantially 
improved when the simple rib pattern was provided with transverse grooves. In 
this connection, no notable changes in the properties of this tyre were to be 
observed in the reference test area, which was merely wet. In comparing the two 
radial tyres, it was found that the tyre provided with special drain holes did not 
exhibit any improved friction characteristics.

Friction Measurements on Roads in Winter-Time

On some of the above-mentioned 20 test road sections in Central Sweden, which 
are provided with dense rolled asphalt surfacings or with surface dressing, fric
tion studies w ill also be regularly made in the winter-time during several years. 
In the course of the period from January to March, friction measurements w ill be 
carried out every second week during a whole day on four test road sections. 
These measurements w ill be performed by means of a Type B V  8 Skiddometer at a 
speed of 60 km per h, at the optimum slip and in the locked-wheel condition, in 
both directions of travel. The results obtained during the test period in the 
winter of 19 67— 1968 are in process of evaluation.

Geometric Design o f Forest Roads

The Mechanical Department has started an investigation concerning the geo
metric design of forest roads. Its purpose is to determine the minimum requirements 
which such roads should fulfil in order that they may be used for vehicles and 
vehicle combinations which enable rational transportation. These studies deal 
with the horizontal design features which shall provide adequate space to enable 
the vehicles to drive on curves and to turn about, as well as with the vertical 
design features which shall ensure reliable trafficability on grades in the winter
time.

A  survey has been made in order to choose the types of vehicles to be used 
in the tests which are being planned. The tests relating to horizontal design fea
tures w ill be performed as model tests, and also as full-scale tests. Preliminary 
tests have been carried out in order to study the possibilities of using a T ype B V  5 
Skiddometer to investigate the behaviour of vehicles on grades in the winter
time.



Studies o f Profile  Measurements

The development work on the equipment for measuring the profiles of road sur
faces, cf. Institute Report No. 48 A , pp. 30 to 3 1 , has been continued. The per
formance of this equipment has been improved in its mechanical as well as elec
tronic systems.

Theoretical studies have been started in the financial year 1966— 1967 with 
a view  to investigating the effects produced by the irregularities of the road 
surface profile on a road vehicle. These studies have been continued by means 
o f a digital computer, and also with the help of a T ype E A I 680 analog com
puter.

Steering, D rivin g , and Braking Characteristics o f Road Vehicles

The tyres o f a road vehicle transmit the forces which are required for steering, 
driving, and braking, and which act between the vehicle and the road surface. 
The cornering characteristics of the tyres have very important effects on the 
steering, driving, and braking properties o f vehicles. However, data on the cor
nering characteristics are lacking to a great extent, and the Institute has there
fore undertaken an investigation of these characteristics. For this purpose, use is 
made of the machine for determining tyre characteristics, see Institute Report 
N o. 48 A , pp. 31 to 32. The first part of this investigation was carried out on 
15 private car tyres which had been chosen by means of a random sampling table 
among those 20 makes of 6.00— 15 cross bias summer tyres and radial p ly sum
mer tyres of the same size or replacement size which are most commonly used in 
Sweden. The lateral force was measured on each tyre at several values of the slip 
angle. In these measurements, three values of the inflation pressure and two 
values of the wheel load were used for each tyre.

The effects of tyres on the steering, driving, and braking characteristics of 
vehicles can be investigated experimentally as well as theoretically. However, 
theoretical studies require a certain amount of experimental verification. A  pre
lim inary investigation has been made of the effects produced by tyres on the 
above-mentioned characteristics of private cars. This investigation comprised 
measurements of the relations and quantities which are enumerated in what 
follows.

(1) The relation between the steering wheel angle and the lateral acceleration 
under steady-state conditions in two cases, viz., first, when driving on a 
curve of a constant radius, and second, when driving on curves of different 
radii at a constant speed.

(2) The transient steering characteristics, which comprise the amplitude ratio 
and the phase displacement between the steering wheel angle and the yaw 
velocity represented as functions of the steering frequency.

(3) The yaw  damping coefficient for the yaw  acceleration during the period 
o f transition from steering around a curve to driving straight, with the 
steering wheel released.



(4) The response time, defined as the difference between the 63-per-cent rise 
time of the steering wheel angle and the 63-per-cent rise time of the yaw  
velocity under steady-state conditions at different steering wheel rates. 
Steering wheel angle amplitude 90 deg.

Furthermore, in order to study the effects of the observed steering, driving, 
and braking characteristics on the performance of the vehicle-driver system, a 
manoeuvre test has been made with a vehicle moving from one lane into another 
at a speed of 70 km per h on a carriageway with lanes 3 m in width. The 
shortest distance required for moving into another lane was used as a measure 
of performance. This test was carried out by means of the Type D F I dynamic 
test vehicle of the Institute, which was equipped with front and rear wheel tyres 
that differed in their respective cornering characteristics.

An analog computer programme has previously ben prepared for studies of 
steering, driving, and braking characteristics of road vehicles, particularly under 
critical manoeuvre conditions. This programme has now been supplemented, and 
w ill be used, first, for purely theoretical studies, and second, for studies of the 
vehicle-driver system in a special vehicle simulator. This is a dummy vehicle in 
which a test subject experiences the same or similar sense impressions as in driv
ing a motor car, but is not exposed to the risks which would be involved in a 
corresponding field test. Studies of the literature and theoretical studies have 
been pursued during the financial year 1967— 1968 with a view to designing a 
simulator for investigations of the effects produced by the steering, driving, and 
braking characteristics of vehicle on the driver’s ability to manoeuvre the ve
hicle in different traffic situations. This simulator shall be employed in con
junction with the Type E A I 680 analog computer which has been purchased by 
the Institute.

Interrelation between Braking A bility  of Road Vehicles and Their 
Track-Follow ing A bility

The braking systems of road vehicles have almost without exception such char
acteristics that the driver can cause the wheels to be locked, and this is what 
usually occurs in emergencies. A  vehicle in the locked-wheel condition has no 
steerability whatever, and can be influenced by disturbing forces so that it devi
ates from its original course, and begins to rotate— a behaviour which can have 
disastrous consequences. Therefore, the available friction between the wheels and 
the pavement surface should not be completely utilised for braking, in order that it 
may partly be saved for steering.

A  braking system which cannot lock the wheels, irrespective of the condition 
of the road surface, has been designed in the Division of Vehicle Technology, 
R oyal Institute of Technology, Stockholm, in collaboration with the Road 
Research Institute. A  vehicle equipped with this braking system has been sub
jected to a series of tests which were performed on an ice-covered surface, and 
which comprised operation on curves differing in radius and simultaneous brak-



Fig. 15. Equipment for dynamic tests on 
coupling devices.

ing. These tests were carried out in order to collect experiences concerning the 
most appropriate interrelation between the braking ability and the track-follow 
ing ability of road vehicles.

T ests on Coupling Devices for Trailers

The equipment for tests on coupling devices for trailers, cf. Institute Report No. 
48 A , p. 33, has come into service, and dynamic tests on various couplings are 
in progress, see Fig. 15 . Equipment for static tests on coupling devices for vehicles 
up to 3 metric tons in gross vehicle weight has also been designed and constructed. 
Studies relating to methods of static testing have been made in order to examine 
various procedures which can be used to fix  the motor car during the tests and 
to measure deformations.

Design and Construction of Equipm ent 

Machine for Determining T yre Characteristics
In a second stage of development, the machine for determining tyre characteris
tics, cf. Institute Report No. 48 A , pp. 31 to 32, has been supplemented with a 
measuring unit for varying the angle of camber and for measuring self-aligning 
torques at wheel loads up to 450 kg. A  similar measuring unit for loads up to 
1 000 kg has been designed, and is in process of construction. In addition, the 
machine has been provided with a device for separate driving or braking of the 
test wheel. The driving or braking torque is transmitted by means of an adjust
able electromagnetic friction clutch and a jointed shaft with ball splines. More
over, the machine has been equippd with a device for measuring the lateral de
formation of the tyre under test.



Fig. 1 6. Electrically operated falling weight 
equipment for determining the strength of 
aggregates.

Device for Measuring Steering Wheel Angles and Steering Wheel Torques 
A  device for measuring steering wheel angles and steering wheel torques has been 
designed and constructed. This device consists o f a steering wheel which is 
provided with such fastenings that it can be conncted direct to any steering wheel 
of an actual vehicle. The vehicle is then steered with the steering wheel of the 
measuring device, which is equipped with pick-ups for the steering wheel angle and 
the steering wheel torque. These quantities are recorded electrically.

Falling Weight Equipment for Determining Strength of Aggregates 
A  falling weight equipment operated by an electric motor has been designed, and 
a prototype has been constructed, see Fig. 1 6. This prototype has been submitted 
to a longtime test, which comprised about 150  000 blows. A fter that, the proto
type has been used for investigations concerning the reproducibility of results 
obtained by means of the falling weight method. N o operating disturbances and 
no notable wear have been observed.

Traffic Department
T ra ffic  ability o f Roads

The investigations of the effects produced by the geometric design of roads on 
the speeds of motor vehicles under various conditions, cf. Institute Report No. 
47 A , pp. 26 to 29, are still in progress.



In view  of the restrictive speed regulations issued in connection with the 
change-over to right-hand traffic, the traffic studies in the field had to be con
fined to the summer of 1967 and the spring of 1968. Furthermore, the pro
gramme of these investigations has also been adapted to the questions which 
have arisen on account of the general speed limits which were introduced in 
M ay, 1968.

Speeds, etc.
The measurements dealing with the process of deceleration of private cars and 
light lorries were continued during a period in which the speed was limited to 
90 km per h. These measurements were made on horizontal and vertical curves, 
and were particularly focussed on the effects of sight conditions. The formation 
and the dissolution of platoons behind heavy lorries were investigated with 
special reference to geometric road design features. A  report on the results of the 
measurements in question is in preparation. Spot speed measurements have been 
carried out, first, in order to determine the effects of an increase in the speed 
limit (from 50 to 70 km per h) for certain definite combinations of vehicles, and 
second, for the purpose of supplementing the investigations of the deceleration of 
heavy lorries on upgrades.

The dynamic vehicle model which is used for traffic simulation (see below) 
involves the assumption that the net power output on upgrades is constant. In 
order to verify  this assumption, deceleration measurements have been made on 
upgrades. The results of these measurements w ill also serve as a basis for a model 
used to calculate the travel times of heavy lorries over comparatively long dis
tances. Up to now, the data obtained on two upgrades of the Stockholm— En
köping road have been analysed. The most important results of these studies are 
briefly presented in what follows.

The measurements covered the travel times of free-moving1 vehicles over con
secutive road sections of equal length. A  mean value, p, o f the net power output 
with respect to time was calculated from the initial speed, the final speed, the 
travel time over the whole upgrade, and the difference in altitude between the 
initial and final points of the road section. I f  the hypothesis that the net power 
output at any instant, p(t), may be regarded as constant is correct, then it fol
lows that p (t)= p . The equation of motion deduced from the above hypothesis 
has been solved, and the speeds as well as the travel times calculated from this 
equation for different points on the upgrade have been compared with the ob
served values. This comparison is exemplified in Fig. 17  a. As is seen from this 
graph, the travel time computed on the basis of the model was shorter than that 
which has been observed over practically the whole upgrade, whereas the cal
culated values began to approach the observed values towards the end of the 
upgrade. This implies that the speeds of the vehicles determined with the help 
of the model are too high at the beginning of the upgrade and too low towards

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 own w ay of driving.
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Fig. 17. Adaptation of the dynamic vehicle model.
(a) The variation in the power output losses in connection with rolling friction and air 
resistance not taken into account.
(b) The variation in the power output losses in connnection with rolling friction and air 
resistance taken into account.
tm =  Time determined by means of the model. 
tr =  Time determined by measurements.

A = 2 0 -p e rc e n tile  B = 5 0 -p e rc e n tile  C =  £0-percen tile

Place: Dalkarl Grade (E 18 Road)
Length: 400 m
Mean gradient: 55 per mil
Type of vehicle: H eavy lorries with trailers
Number of vehicles: 54

its end. This is due to the fact that the net power output at the beginning of the 
upgrade is lower than at its end on account of the variations in the rolling fric
tion and in the air resistance with the speed. I f  these variations are taken into 
consideration, then we obtain a fa irly  accurate representation of the process of 
deceleration, see Fig. 17  b.

Overtaking and Passing

An analysis of the field data on overtaking and passing collected in 1965 has 
been published in Special Report N o. 5 6.

Field studies using a heavy combination of vehicles as a test vehicle have been 
started in the spring of 1968.

The measuring equipment has been modified, and a writing and evaluating 
programme for automatic data processing has been developed. This programme 
enables the road and traffic co-ordinates for each event, as well as the calculated 
overtaking and passing times and the distances travelled during overtaking and 
passing, to be written automatically. In addition, the recorded length of road on 
a road section under observation is adapted to the length which is stated in the



road register so as to correct the systematic errors in the road length records 
obtained from the journey analyser.

The measurements forming part of the above-mentioned field studies are made 
in environments which vary  in road and traffic conditions, and which also in
clude road sections abounding in vertical curves. The results of the measurements 
carried out on these road sections can be integrated with those obtained from 
the speed studies on upgrades referred to in the above. The data collected in this 
w ay can be used as a basis for the preparation of standards for design of climb
ing lanes on grades.

Traff ic  Simulation by Means of Automatic Data Processing

The study of traffic on a two-lane road by means of simulation with the help 
o f automatic data processing which is being prepared by the T ra ffic  Department 
has as a purpose to extend the possibilities of analysing the relations which exist 
between road and traffic characteristics. The results of this analysis are intended 
to afford a basis for

(a) traffic regulation measures,
(b) calculations relating to road and traffic economics,
(c) determinations of certain types of risk-generating sets for analysis of traffic 

accidents.
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The objects of this traffic simulation have also been dealt with in previous 
Annual Reports o f the Institute. The development of the model which describes 
the traffic process is to a great extent based on the data which are obtained from 
the field studies made by the Department. Fig. 18 shows the sub-models which 
enter into the total model.

During the financial year 1967— 1968, the dynamic vehicle model was pri
m arily verified with reference to heavy lorries, and was further developed. A  
velocity-model representing the driver’s adaption to road-conditions is expected 
to be ready for use before the end of 1968. In the course of the next financial 
year, a model which shall represent the adaptation of motor car drivers to the 
traffic environment is also scheduled to be completed.

T ra ffic  Safety

The main object of the studies of traffic safety is to determine accident fre
quencies in various road and traffic environments, and to ensure that it shall be 
possible to utilise the results of these studies for preparation of road standards, 
etc. The investigations made during the financial year under review covered the 
accidents which had occurred on road sections between intersections. In most 
cases, these sections form part of roads designed to com paratively high standards 
and handling high traffic volumes. The period under investigation, 1962 and 
1963, was chosen so that the results might be considered to be applicable to traf
fic unrestricted by any speed limits.

The results in question have partly been presented in Institute Report No. 
48 A. They show that the accident frequency varied m arkedly with the type of 
road as well as with sight conditions. Fig. 19 represents the relations between

A = W id th  of carriageway 6 m. No shoulders 
B =W id th  of carriageway 7 m. No shoulders 
C = W id th  of carriageway 7 m. Width of 

shoulders 2X1 m 
D =  W idth of c a rr ia g e w a y ^ .5 m. W idth of 

shoulders 2 x 2  m

Fig. 19. Relation between the number of 
accidents per million vehicle-kilometres 
and the annual average daily traffic 
(AADT) on roads differing in cross 
section.

AADT, vehicles



A =  W idth of carriageway ^  6.5 m. No shoulders 
B =  W idth of carriageway 7 m. No shoulders 
C = W id th  of carriageway 7 m. Shoulders

Fig. 20. Relation between the number of 
accidents per million vehicle-kilometres 
and the sight distance on roads differing 
in cross section.
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Sight distance, meters

the number of accidents per million vehicle-kilometres and the annual average 
daily traffic on two-lane roads of various types. It is seen from this graph that 
the accident frequency on roads with carriageways 6 m in width, without 
shoulders, was about twice as high as that on roads having a broader cross 
section at all traffic volumes under consideration.

An attempt has been made to determine the effect of the sight distance on the 
frequency of accidents. Fig. 20 shows that a longer sight distance is required 
when the road cross section is narrower. On roads with carriageways 6 m in 
width, without shoulders, the number of accidents per million vehicle-kilometres 
on road sections where the sight distance is 100 m was found to be 2 to 3 times 
as high as that on sections where the sight distance is 600 to 700 m. Roads having 
a wide cross section exhibit only slight variations in the accident frequency with 
the sight distance. As the sight distance increases, the differences in the accident 
frequency between the various road cross sections become smaller.

In connection with an interview investigation o f road traffic accidents, the 
Department has collected data which made it possible to study the relation be
tween the accident frequency and the age of motor car drivers. In all ranges of 
distances travelled, the accident frequency in the age group below 25 years was 
significantly higher than in that above 23 years.

A  plan has been drawn up for a follow-up procedure in examining the ac
cident development in connection with differentiated speed limits. A  method has 
been evolved for studying the effects produced on accidents by road and traffic 
characteristics. This method can be used to follow up the accident development 
in the presence of the differentiated speed limits which are applied in Sweden 
at the present time.

The Department has studied the problems relating to an appropriate method 
o f accident evaluation in connection with the economic analyses which are in
tended to serve as a basis for road standards. These studies are described in a



report, which also deals with the evalution of accident costs required when roads 
conforming to a lower standard are to be replaced by roads built to a higher 
standard.

Change-O ver to R ight-H and T ra ffic

In connection with the change-over to right-hand traffic in Sweden, the T ra ffic  
Department has taken part in the preparations for the change-over and in the 
subsequent follow-up studies. In many cases, these activities formed a continua
tion o f the studies described in Institute Report No. 48 A, pp. 39— 40.

Adaptation of Pedestrians to Right-H and T ra ffic
The pedestrians constitute by far the largest group of road and street users so 
far as the number is concerned, and they exhibit wide variations in behaviour 
pattern. Therefore, it was expected that this group would be exposed to relative
ly  great risks in traffic, particularly in urban environment. The above-mentioned 
study of pedestrians in Institute Report No. 48 A  has served as a point of de
parture for further development of the methods in question and for additional 
investigations of pedestrians.

The pedestrian crossings chosen for these investigations were situated in large- 
city environments and in rural areas. The results obtained during two periods of 
observation, viz., one in the autumn of 1967 and the other in the spring of 1968, 
have been compared with each other, and with reference data relating to left- 
hand traffic.

The variables covered by these observations were defined as “ learning para
meters”  and “ unlearning parameters” , and also as parameters expressing the level 
of observance of road and street users. Comparisons between the data collected 
during the two periods of observation, on the one hand, and the reference data, 
on the other hand, indicated that the pedestrians did not learn right-hand traffic 
behaviour in a satisfactory manner, and were readily liable to relapse into left- 
hand traffic behaviour. Fig. 2 1 shows how the adaptation of pedestrians, ex
pressed in terms of an index of direction of attention and represented as a func
tion of the road co-ordinate, has varied according to period of observation. By 
comparing the index curves relating to the different periods of observation, it 
was found that the direction of attention approached a level which corresponds 
to that in left-hand traffic.

Overtaking and Passing in Left-H and and Right-H and T raffic  
D ata for studies of overtaking and passing have been collected during three 
periods, viz., in the summer of 1965 (no speed limits), directly before the change
over to right-hand traffic on September 3rd, 1967 (speed limit 90 km per h), 
and in September and October, 1967, after the change-over (speed limit 70 km 
per h), on an E 4 Road section, 60 km in length, and 7 m m  width of carriage
w ay. The width of shoulders and the standard of alignment varied along this 
road section.



Fig. 2 i. Variation in the index, I, which ex
presses the direction of attention of pedestrians 
at pedestrian crossings, with the road co
ordinate. This index is defined by the formula I 

L — R
= --------, where L and R  denote the respective

L +  R
frequencies of the turns of the head to the left 
and to the right. The index curve relating to 
June, 1967 (left-hand traffic), has been changed 
from left to right in order to illustrate the 
gradual adaptation of pedestrians to right-hand 
traffic behaviour.

These investigations indicated that the behaviour of drivers had in general 
been more cautious after the change-over. A  comparison of the results obtained 
before and after the change-over showed that the proportion of fly ing overtaking 
and passing had decreased from 66 to 28 per cent, and that the number of cases 
where overtaking took place when an opposite-direction vehicle was visible 
amounted to only 0.6 per cent, while the corresponding figure in left-hand traffic 
had been 16 per cent. These changes are probably due to want of practice in 
right-hand traffic as well as to the existing speed limits.

The maximum permissible speed has been exceeded by 95 per cent of private 
car drivers in overtaking and passing. The median value of the speed difference 
in such cases was 20 km per h, that is to say, the overtaking vehicle moved at a 
speed of about 80 km per h. The corresponding value under left-hand traffic 
conditions, in the absence o f a speed limit, was about 90 km per h. In other 
words, the drivers have complied with the speed limit only to a certain extent 
in order to make the passing time, and hence the requisite clear sight distance, 
as short as possible.

The lateral distance between the passing vehicle and the vehicle being passed 
has not changed after the change-over to right-hand traffic, see Fig. 22. This may 
be supposed to imply that the driver of the passing vehicle uses reference objects 
other than the vehicle being passed, e.g. the centre and edge line markings.

Interesting differences between the conditions before and after the change
over to right-hand traffic can also be found in the behaviour of drivers in mov-



------------ Measurements on August 30th, 1967 (left-
hand traffic)

  Measurements on September 18th and
19th, 1967 (right-hand traffic)

 Measurements on October 4th to 6th,
1967 (right-hand traffic)

Fig. 22. Cumulative distribution of the observed 
values of the lateral distance from the overtaking 
and passing vehicle to the vehicle which is being 
passed. These values were measured at the instant 
when these two vehicles were moving alongside of 
each other. 0 1 2  3 4

Lateral distance, m

ing from and into the same traffic lane. For a given difference in speed between 
the vehicles, the headway between the vehicles at the outset of overtaking and 
passing is longer in right-hand traffic. On the other hand, the headway at the 
end of overtaking and passing is smaller. This can in part be attributed to the 
changed sight possibilities due to the position of the steering whel (on the left- 
hand side of the vehicle).

A  comparison with an investigation made in another country has shown that 
the distance from the vehicle being passed at the beginning of overtaking is still 
longer, while the distance at the end of passing is even shorter, in right-hand 
traffic in that country, than in Sweden after the change-over to right-hand traf
fic, see Fig. 23. This comparison indicates that the drivers are in a state of read
aptation, which is intermediate between the habitual left-hand and right-hand 
traffic behaviour patterns.

Speed Adaptation in Right-H and T raffic
Speed measurements have been made after the change-over to right-hand traffic 
in order to provide information on the adaptation to the relatively restrictive 
speed limits which have been imposed in this connection. The National Swedish 
Commission for Right-H and T raffic  has acquainted itself with the results of 
these measurements with a view to possible alterations of the speed regulations. 
The measurements have been carried out in six different road environments (A 
to F). In the first four of these environments, the sites of observation were chosen 
at random in three counties in Central Sweden.

Environment A . Through road in an urban area. Speed limit in left-hand 
traffic 50 km per h.

Environment B. Road where the speed limit in left-hand traffic was 70 km 
per h.



 ̂ Fig. 23. The respective distances from the overtaking and passing
 ̂ vehicle to the vehicle which is being passed at the instants when the

passing vehicle has just left its own traffic lane and when it has 
just returned to this lane. Comparison between conditions in left- 
hand traffic (L), in right-hand traffic after the change-over in 
Sweden (S), and in right-hand traffic in another country (R). The 

[ml 20 L difference in speed between the vehicles is 15 km per h.

<k>

Environment C.

Environment D.

Environment E.

Environment F.

Road without any speed limit in left-hand traffic. Low traffic 
volume (A A D T  in 1963 varied from 400 to 1500 vehicles). 
Road without any speed limit in left-hand traffic. Moderate 
to high traffic volume (A A D T  in 1963 above 15000 vehicles). 
Two-lane road without any speed limit in left-hand traffic. 
As a rule, straight road sections handling high traffic vol
umes.
Streets carrying high traffic volumes in Stockholm. Speed 
measurements made in left-hand traffic. Speed limit 50 or 
70 km per h.



The traffic was studied at 32 sites of observation in all. H a lf o f them were 
selected at random. The restrictive speed limits have contributed to a consider
able reduction in speeds. As the data available for comparison were inadequate, 
it was possible only to estimate the magnitude of this reduction, see the following 
table.

Maximum permissible speed Reduction in speed
reduced of private cars and light lorries

Median, 90-percentile,
km per h km per h

from 50 to 40 km per h ............................................... 00V-v 5 to 10
from no speed limit to 60 km per h ....................... 35 to 40
from no speed limit to 70 km per h ...................... ..................  15 to 20 25 to 30
from no speed limit to 80 km per h ....................... ..................  10 to 15 20 to 25

The fact that the traffic safety was found on the whole to be improved after 
the change-over may probably in part be attributed to the marked reduction in 
speed.

Methods o f R oad Pricing

The Swedish State Commission for Investigation of Road Costs has entrusted 
the Institute with the preparation of a survey of various methods which can 
possibly be used for road pricing. A  concrete proposal for a conceivable method 
of road pricing has been drawn up, together with a programme of further re
search. Funds for continued work on this subject have been granted in accord
ance with the proposed programme.

Equipm ent

Five Type T A  4 electronic traffic analysers have been designed and constructed 
for speed studies in connection with the change-over to right-hand traffic. The 
speed of, and the time intervals between, the vehicles, as well as the types of 
vehicles (when the traffic analysers are manually operated), are recorded on a 
punched tape. A  programme has been prepared for automatic processing o f the 
data obtained in this w ay. This programme lists the primary data, and subjects 
them to a statistical analysis.

The Type T A  4 traffic analyser is in process of being supplemented with 
other devices in order that this equipment may also be used to measure travel 
times between different points. For travel time measurements, the analyser is 
connected to a motion picture camera, which is provided with a data indicator 
panel. In addition to a picture of the passing vehicle in a dot pattern in the film 
frame, this panel reproduces, w holly or partly, the data which have been re
corded on the punched tape of the traffic analyser.



A  journey analyser has been supplied to the C ity  of Stockholm H ighway 
Authority. Five vehicle-counting traffic counters, which also classify the ve
hicles according to type, and five axle-counting traffic counters have been 
supplied to the National Swedish Road Board. A ll these units record data on 
an 8-channel punched tape, which is subjected to automatic data processing, see 
Institute Report No. 48 A , pp. 40— 4 1.

The equipment for studies o f overtaking and passing has been supplemented 
with a keyboard for manual recording of data, e. g. the relative position of the 
passing vehicle with reference to the vehicle being passed, see Institute Report 
No. 48 A , pp. 40— 4 1.

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 1968.

T H E  N A T IO N A L  SW E D ISH  R O A D  R E S E A R C H  IN S T IT U T E

N ils G. Bruzelius
Director
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