
S T A T E N S  V Ä G I N S T I T U T
S T O C K H O L M ,  S W E D E N

R E P O R T  45 A

ANNUAL REPORT OF 

THE NATIONAL SWEDISH 

ROAD RESEARCH INSTITUTE
(S T A T E N S  V Ä G IN S T IT U T )

FOR THE FINANCIAL YEAR 

I 9 & 3 — 1 9 6  4

S T O C K H O L M  

1 9 6 5





C O N T E N T S

Page

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

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

Staff ...........................................................     6

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

Research and Investigation Work at the Institute ..........................................  7

Technical Department ........................................................................................  7

Road Surfacings D epartm ent  ................................................................  9

Road Foundation Department ......................................................................... 1 1

Geological Department ......................................................................................  18

Mechanical Department ......................................................................................  24

Traffic Department ............................................................................................. 32

Other Activities of the Institute ......................................................................... 41





ANNUAL REPORT OF 

THE NATIONAL SWEDISH 

ROAD RESEARCH INSTITUTE
( S T A T E N S  V Ä G I N S T I T U T )

FOR THE FINANCIAL YEAR 

1 9 6  }  — 1:964

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 National Swedish Road Board (Kungl. väg- och vattenbyggnadsstyrel
sen), Chairman, and the Chief Engineer and Director of the Institute. Further
more, the Government has appointed six experts as Members of the Board.

Organization



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

Staff engaged in

D e p a r t m e n t  Special
General commis-

work sioned
work

Chief Engineer ..................................................................................................  i
Administrative Office .......................................................................................  5 3

Chief Secretary: Lars G. Biörkman
Technical O ffice ................................................................................................  5

Chief: Carl Erik Brinck
Road Surfacings Department .......................................................................  7 9

Department Chief: Ernst Ericsson
Road Foundation Department .....................................................................  3 6

Department Chief: Nils Odemark
Geological Department   5 10

Department Chief: Folke Rengmark
Mechanical Department   13 22

Department Chief: Gösta Kullberg
Traffic Department ...........................................................................................  4 9

Department Chief: Stig Edholm

Number of persons 43 59

Total staff 102

Publications
Reports and Papers Published by the National Swedish Road Research 
Institute, Stockholm

Printed Reports:

44. A  Simple Ground Temperature Indicator, by P. T. H o d gin s  1963
45. Annual Report of the National Swedish Road Research Institute 

(Statens Väginstitut) for the Financial Year 1963 — 19 6 4 .....................  1964

Special Reports (Mimeographed):

20. Frost Investigations on Rutvik 1956 Test Road, by F. Rengmark and
R. Gandahl .....................................................................................................   1963

2 1 .  Studded Tyres. Friction Measurements on New-Studded Winter 
Tyres in Winter of 1962— 1963. Wear Tests on Studded Winter Tyres
in Summer of 1 9 6 3 ......................................................................................... 1963

22. Studies of Mechanism of Frost Fleave, by S. Fred en ..............................  1964



In addition, papers by members of the staff of the Institute have been pre
sented at international congresses, and have been published in the Swedish Road 
Association Journal as well as elsewhere.

Research and Investigation Work at the Institute

During, 1963 — 1964, the Institute has pursued general road engineering 
research on the same lines as before. Just as in the previous years, the Institute 
was entrusted by various State and local authorities as well as by private under
takings with a large number of commissions for research into current problems 
concerning roads and air fields. Moreover, the work of the Institute included 
consultation varying in scope.

Technical Office

Optimum Axle Loads

The principal subject of research dealt with by the Technical Office during 
the financial year 1963 — 1964 was an economic transportation problem. This 
problem should be viewed against the background of the steady increase in the 
volume of goods transportation handled by lorries in the course of recent years. 
In the middle i93oies, the annual volume of goods transportation performed 
by lorries amounted to about i ‘ io9 metric ton-kilometres. By 1950, it had 
increased to some 3* io 9 metric ton-kilometres, and in 1965 it is expected to 
reach about io *io9 metric ton-kilometres.

This increase has entailed a considerable rise of the cost of transportation, 
and it is evident that even a small percentage reduction in this cost would cor
respond to a large saving at a national economic level. In order to render pos
sible economic improvements in transportation, it is primarily necessary to 
form a true picture of the relation between the road cost and the vehicle cost. 
The term “ road cost”  is used in this connection to designate the sum of all costs 
of road construction and road maintenance, while the term “ vehicle cost”  is 
employed to denote the sum of all costs involved in the purchase and in the 
operation of road vehicles.

It would of course be desirable to be able to determine that magnitude of 
the investment in the road system which would be most profitable from the 
standpoint of national economy, i.e. the optimum investment, but this is a very 
complicated problem, which must be considered under many aspects. However, 
a part of this problem involves in the main only engineering and economic 
factors. This is the question how an increase in the legal single-axle and tandem-



V = Road cost F = Vehicle cost

axle loads influences the cost of transportation, that is, the sum of the road 
cost and the vehicle cost. The use of heavier lorries reduces the vehicle cost, but 
increases the road cost. Consequently, this problem must be solved by deter
mining an optimum, i.e. a certain definite axle load—the optimum axle load 
—at which the cost of transportation is reduced to a minimum.

The problem under consideration is schematically illustrated in Fig. i. The 
curve (straight line) V  represents the increase in the road cost with increase in 
the axle load, and the curve F shows how the vehicle cost decreases at the same 
time. By adding these two curves together, we obtain a curve which represents 
the sum of these two costs, that is, the cost of transportation. This curve has 
a minimum at the point M.

The curve F can be plotted on the basis of the data concerning the specific 
branch of transportation to be studied. For instance, a certain definite curve 
is obtained for transportation in forestry, another curve for transportation in 
the mining industry, etc. It is more difficult to calculate the road cost, that is 
to say, to determine the curve V. In fact, in order to be able to compute the cost 
of a road, it is necessary to know the thickness of road construction, and this 
thickness is dependent on the magnitude of the axle loads as well as on the 
traffic density. The investigation conducted by the Technical Office is based 
on the very extensive results which have been obtained from the AASHO  Road 
Test, since these results make it possible to calculate the relation between the 
axle load, the number of axle loads acting on a road, and the requisite thick
ness of road construction. Eventhough the above-mentioned results relate to 
conditions in the United States, they may be presumed to be applicable in some 
measure to Swedish conditions.



Furthermore, the results of the AASH O  Road Test have also served as a 
basis for devising a method that enables the axle loads which differ in mag
nitude to be evaluated so as to be reduced to an equivalent number of standard 
axle loads of a given magnitude, e.g. 8 metric tons. Since the composition of 
traffic is usually mixed, it is necessary to use a method of this kind in order 
to be able to express the total loads acting on the roads.

Calculations have already been carried out for certain types of vehicles as 
well as for some single-axle and tandem-axle loads, but much remains to be 
done. Nevertheless, it is obvious even now that it will scarcely be possible to 
calculate an optimum axle load which would be applicable to the whole Swedish 
road system. Instead of this, it will probably be required to determine an op
timum axle load for each road or type of road according to the quantities of 
goods to be transported.

Library and Other Activities

The duties of the Technical Office comprise, moreover, the editing of the 
Institute publications and the administration of the Institute library. In addi
tion to fulfilling its ordinary functions, such as purchase of literature, register
ing, lending, etc., the library is also in charge of the documentation service.

The system of classification that is most commonly used in libraries, i.e. the 
Universal Decimal Classification (UDC), has so far been found to be most 
suited for systematic documentation, especially for following up, selecting, 
and abstracting, as well as for registering and communicating information which 
is of interest to the Institute, and which is obtained from such sources as articles 
in periodicals, papers, reports, summaries, etc. Therefore, this classification is 
employed for the documentation card index. The use of this classification has 
furthermore enabled the ready-prepared and preclassified abstracts which are 
received by subscription to be incorporated in the same card index.

A  few years ago, the O.E.C.D. took the initiative in forming a European 
Organisation of Road Research Laboratories (E.O.R.R.L.). Although the con
vention concerning this organisation has not yet been signed, work has already 
been started with a view to establishing international documentation centres 
for collecting, abstracting, and indexing articles in periodicals, reports, data 
compilations, etc. This work is pursued by a consultant who is employed by 
the O.E.C.D.

Road Surfacings Department

Lest Road Sections for Various Aggregates Used in Bituminous Surfacings

Ten test road sections provided with hot-mixed surfacings, which were made 
with a bituminous binder having a penetration of 250, have been constructed 
on a motorway. Friction measurements on these test road sections will be carried 
out at regular intervals of time. The condition of the different surfacings will



be observed, and samples will be taken from them at the same intervals. The 
particle size distribution of all the aggregates used in these surfacings, as well 
as the natural particle surface percentage of the crushed products, were sys
tematically varied. The thest road sections cover four types of aggregates, viz., 
non-crushed gravel from glacial deposits, two types of crushed gravel from 
glacial deposits, and crushed rock. The binder contents were chosen so as to 
ensure that the surfacings after completion of rolling should be approximately 
equal in void ratio, and should not exhibit any excess of binder visible on their 
surfaces.

Test Road Sections for Bridge Deck Waterproofings

Four test road sections equipped with bridge deck waterproofings have been 
constructed on a concrete bridge. One of these road sections is provided with 
membrane waterproofing, while the other three sections are waterproofed with 
mastic asphalt. The membrane waterproofing consists of two layers of bitu- 
minised mineral fibre felting, which was mopped with asphaltic bitumen having 
a penetration of 6o. A  protective asphaltic sand carpet was applied on top of 
the membrane waterproofing. The mastic asphalt waterproofing was com
posed of oil bitumen, Trinidad asphalt, sand, and limestone filler. The gas- 
pervious ventilating course placed between the concrete slab and the mastic 
asphalt as well as the protective course between the mastic asphalt and the 
bituminous surfacing are different on these three test road sections. The sur
facing on top of the protective course consists of rolled asphalt. The total thick
ness of all layers on each test road section is 70 mm. At the end of the financial 
year 1963— 1964, no ruts or blisters were to be observed on the road sections 
under test.

Test Road Sections for Road Oils Complying with Specifications Issued 
by Swedish State Authorities

Oiled gravel samples were regularly taken from the oiled gravel test road 
sections which had been constructed in 1962 with oils purchased from different 
suppliers. The road oils were recovered from the samples, and the properties 
of the oils were determined, so that it was possible to follow the ageing of the 
different road oils. The results which have so far been obtained from these tests 
are described in Special Report No. 24.

Test Road Sections for Road Oils Having Properties Different from Those 
Specified by Swedish State Authorities

The test road sections which had been built in 1962 with road oils whose equi- 
viscous temperatures were higher than those specified by the Swedish State 
authorities were kept under observation, and oiled gravel samples were regularly 
taken from these road sections with a view to studying the ageing of the various 
road oils. On the basis of the experiences which had been gained from these test



road sections, a programme has been drawn up for tests to be made on a road 
oil whose equiviscous temperature is slightly higher than the specified value. It 
is intended to start these tests in the autumn of 1964. In order to study the 
effect of the structural viscosity of road oils due to admixtures (see Institute 
Report No. 43 A, p. 9), the Road Surfacings Department has constructed several 
test road sections where use was made of a road oil which contains a relatively 
high percentage of naphthenic hydrocarbons, and which was mixed with 
paraffinic hydrocarbons that are solid at room temperature. The test road sec
tions differ in the percentage of this admixture.

Other Investigations of General Interest

Experimental investigations have been carried out in order to study the de
formation and the compaction of bituminous surfacing materials under the action 
of pressure applied in different ways. These investigations were made partly 
by using Marshall’s method, and partly by means of methods evolved in the 
Road Surfacings Department. The investigations in question have not yet been 
completed and will be continued.

During the past financial year, the Laboratory of the Department pursued 
development work on methods for testing mastic asphalts of various types.

Road Foundation Department

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

The results obtained, and the experiences derived, from the AASHO  Road 
Test, on the test road at Ottawa, Illinois, U.S.A., have been presented by the 
Highway Research Board (H.R.B.) in a very extensive report. Some sections 
of this report have been thoroughly studied in the Road Foundation Department 
during the financial year 1963 — 1964.

The AASHO  Test Road consisted of 6 loops, which comprised road pave
ments widely differing in construction. The 644 test road sections included 332 
with bituminous surfacings and 312 with concrete surfacings.

The road tests were in the main carried out by means of lorries of the types 
that are most commonly met with on the market, and were made in order to 
study, first, the effects of vehicles equipped with single rear axles or with rear 
bogies, and second, the effects of different axle or bogie loads due to these 
vehicles.

In the above-mentioned Highway Research Board report, the final result 
is stated in a formula, which represents a mathematical model of an exponen
tial type. By studying this report, the Department has arrived at some con
clusions which may possible help to devise the means required in order that 
the American experiences described in the report in question may be applied 
in Sweden. For this purpose, the Department has utilised the American test



results for designing a modified mathematical model. The mathematical treat
ment of the results obtained from the AASHO  Road Test as well as the mathe
matical model deduced in the Road Foundation Department will be dealt with 
in a separate report.

At the request of the Bolidens Gruvaktiebolag, Stockholm, the Institute has 
submitted a report on two questions, viz., first, what changes in the loads acting 
on a road structure are caused by the use of vehicles and tyres of various types, 
and second, to what extent the amount of road wear is reduced when a given 
conveyance, which is characterised by certain definite values of the pay load 
and the unladen weight, and which is used for transporting a given quantity 
of goods, is replaced by another conceyance, which has the same pay load but 
a lower unladen weight.

At the instance of the Forest Road Committee of the Royal Swedish Academy 
of Agriculture and Forestry, the Institute, represented by the Road Foundation 
Department, among others, has taken part in the preparation of a draft design 
table for forest roads of the simplest types.

The Department has submitted a proposal concerning the design and con
struction of a bed which is appropriate for horse riding, and which shall be 
laid on top of a hard base on the concrete floor in a new riding hall in Stock
holm.

CH LO E Profilometer

In the past financial year, the Institute bought in the United States a measur
ing equipment known as the “ CH LO E Profilometer” , which had been designed 
and constructed on the basis of the experiences collected in the course of the 
AASH O  Road Test. This equipment is used for determining the present ser
viceability index (PSI) of roads. The PSI is expressed in terms of a quality 
index or a mark in a scale, which is intended in the main to characterise the 
traffic serviceability of the road as it appears to the road user at the time of 
measurement for flexible pavements the present serviceability index is cal
culated from the formula

p =  5.03 — 1.91 log (1 +  SV) — o.oiVC +  P — 1.38 RD 2

in which

P

~SV

C  
P
~RD

Such characteristics of a road as width, alignment, frictional properties, light 
reflectivity, etc., are not included in the present serviceability index. Conse

=  present serviceability index (PSI),

=  8.46 I I — 3 =  mean of the slope variance in the two
L N  W J  wheelpaths

=  measure of cracking in the pavement surface,
=  measure of patching in the pavement surface.
=  measure of rutting in the wheelpaths,



quently, when the value of this index observed at a given time is compared 
with its value obtained from measurements made immediately after the com
pletion of road construction, and is brought into relation with the age of the 
road, as well as with the amount and the heaviness of traffic, then it is evident 
that the present serviceability index is primarily to be regarded as an expres
sion of the load-bearing capacity class to which the road is to be assigned. The 
PSI scale employed in the ASSHO Road Test ranged from 5 to o, where the 
values had the following significance: 5 to 4 very good, 4 to 3 good, 3 to 2 fair, 
2 to 1 poor, and 1 to o very poor. The theory elvolved in the United States in 
connection with the AASHO Road Test for estimating the present service
ability index of roads by means of the CH LO E system will be described and 
subjected to critical examination in a separate report to be published by the 
Institute.

In order to set the CHLOE Profilometer in working order, the Institute had 
to carry out extensive repairs and improvements of the measuring equipment 
during the financial year under review.

In 1963— 1964, the Road Foundation Department has made profile measure
ments on several roads, e.g. on Brista—Söderby Base Test Road, E 4 Road, 
County of Stockholm. The profile measurements on this road were performed 
as double tests (marked I and II in Table 1), first, on September 18th, 1963,, 
before the road was ready for traffic, and second, on April 20th, 1964. In 
addition, these measurements were repeated in the form of a single test on June 
17th, 1964, after the road had been in service for about 7 to 8 months. The 
measurements were carried out in the same wheelpaths in both the left-hand 
and the right-hand traffic lanes. Their results are reproduced in Table 1. The 
longitudinal section and the table in Fig. 3 show constructional details of this 
test road.

Load Tests on Roads

During 1963 — 1964, the Road Foundation Department has made load tests 
on roads by means of the hydraulic equipment for load tests up to a maximum 
load of 5 metric tons that had been designed and constructed by the Mechanical 
Department, and had been mounted on a lorry which was specially altered 
for this purpose. The 5-ton load vehicle has been described in Institute Report 
No. 43 A, p. 49. The load tests carried out with this vehicle were mostly per
formed on test roads of the Institute.

The construction of the two-axled load test vehicle for static and dynamic 
load tests (pulsating load tests) up to a maximum load of 14 metric tons had 
been completed by the Mechanical Department at the end of the past financial 
year, and then the Road Foundation Department started load tests on gravel 
materials for road bases, which were laid on the concrete floor in a test hall. 
To begin with, these tests were made primarily in order to try out the load 
test equipment. After that, they were continued with a view to studying the 
degree to which the materials were compacted and crushed under the loading



Table /. Measurements of the present serviceability index

Test road

Present serviceability index 
left-hand traffic lane

1963 1964 
Sept. 18 April 20 
I II I II

in the

June 17  
I

Present serviceability index 
right-hand traffic lane

1963 1964 
Sept. 18 April 20 
I II I II

in the

June 17  
I

E 4 Road 
Brista— Söderby 
Base Test Road, 
Section No.

1 ........ 34 34 3.6 3-9 3-7 3.6

2 ........... 3-5 3*2 3-3 3*2 3-2 3-3 3-5 3.0 34 3-°
3 ........... 3 -9 3.8 3.6 3.7 3-7 3-3 3*2 3-1 3-1 3-i
4 ........... 3-5 3*7 3-5 34 34 34 3-5 3-1 3-2 3.0

5 ........ 3.8 3-7 34 34 3-5 — 3.6 3-3 3-2 3-3
6 ........... 4-i 3.8 3.9 3.8 4.0 3-9 3-7 3.8 3.8 3.6

7 ........... 3-5 3.6 34 3-8 3.8 0O 3.6 3*5 3-5
8 ........... 3-o 2.9 3.0 3.0 3.0 2.8 2.9 2*7 2.9 2-7
9 ........... 2.8 2.8 2.7 2.8 2.8

00dO 24 2.4 2.6
10 ........... 3-5 3-4 3-2 34 34 2.9 2.8 3.0 3-1 3.0

plate. As it is becoming increasingly necessary in road construction to be able 
to use, first, gravel materials containing low-strength rock materials, and second, 
embankment filling materials having a low weight per unit volume, the scope 
of the last-mentioned studies was extended so as to include tests on gravel mate
rials having a high scale content, as well as on factory-made constructional 
materials, e.g. Leca (aerated, granulated and burnt clay) or on waste materials 
of this kind, such as Siporex (aerated concrete) waste and blast-furnace slag.

Determination of Compaction Properties and Bearing Capacity 
Characteristics of Various Soils

In the financial year under review, the Road Foundation Department has 
made studies of the American report on the results of the large-scale road tests 
at Ottawa, Illinois, U.S.A., known under the name of the AASHO  Road Test. 
In conjunction with these studies, the Department has carried out a relatively 
detailed investigation of a sample which had been taken from the homogenised 
layer in the subgrade during the AASHO Road Test. The Department made 
laboratory tests with the object of determining the road engineering properties 
of this material, primarily its compaction properties and bearing capacity 
characteristics. These tests will be described and their results will be presented 
in a separate report. The above-mentioned investigation formed part of a series 
of systematic laboratory investigations dealing with the bearing properties of 
various road construction materials. This series had been started earlier, and 
was continued in 1963 — 1964.



For the AB Skånska Cementgjuteriet, Stockholm, which has undertaken an 
investigation of the volume changes taking place in excavated earth masses, 
the Department has made laboratory tests on earth samples taken by this com
pany. In connection with these tests, the Department has started a study of 
the problem of expansion and shrinkage which are often met with in excavat
ing, transporting, and compacting earth.

The Department has carried out measurements of the weight per unit volume 
on a material consisting of medium sand in order to determine the weight per 
unit volume of this material at various moisture contents, first, in a loose state, 
after it has been filled in the platform body of a lorry, second, after trans
portation in the body of the lorry, and third, after compaction involving various 
amounts of work. The curves in the unit weight graph in Fig. 2 show the effect 
produced by the moisture content of the material on the compaction results 
obtained by expending equal amounts of work, and represent furthermore the 
variation in the compaction results obtained at equal moisture contents with 
the energy input required for compaction.

At the request of the AB GE-konsult, Stockholm, the Department has per
formed measurements of the density at different levels in an embankment fill, 
about 3 m in depth, which had been constructed by this company. The embank
ment in question consisted of Leca (aerated, granulated and burnt clay), which 
was stabilised with bitumen, and was compacted with a rubber-tyred roller. 
Moreover, for the same company, the Department has made determinations of 
the modulus of elasticity on samples which had been taken in situ, and which 
were tested in the special apparatus derigned and constructed at the Institute 
for measuring the modulus of elasticity. For this purpose, the cylindrical mould 
used for determining the modulus of elasticity was provided with a ring which 
was ground to a sharp edge on one side. The samples were taken by pressing 
down the mould into, and then withdrawing it from, the compacted Leca fill. 
The weight per unit volume of compacted Leca stabilised with bitumen was 
found to be about 0.3 metric tons per m3.

Soil Stabilisation with Bitumen, Cement, or Lime

The quality requirements stipulated for the layers of materials entering into 
surfacings, bases, and sub-bases of roads are becoming more and more severe 
with increase in heaviness, speed, and density of traffic. In order to ensure that 
the road surfaces shall remain even for a long time, it is nowadays required, 
not only that these layers shall be sufficiently thick and adequately compacted, 
but also that they shall be stabilised with bitumen, cement, etc., so as to im
prove their load distribution characteristics, and at the same time to increase 
their ability to absorb the vibrations due to traffic, and thus to preclude the 
risk of migration of material particles.

With a view to evolving appropriate bases, characterised by high strength, 
good durability, adequate ability to distribute loads, and low liability to migra
tion of material particles, the Road Foundation Department, in co-operation
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Fig. 2. Weight per unit of medium sand determined by means of various methods.

Curve I. Standard A A SH O  compaction method, A A SH O  Designation T  99. Work of compac
tion 57 kgm.

Curve II. Modified A A SH O  compaction method, A A SH O  Designation T  180-57. Work of com
paction 255 kgm.

Curve II I . Modified A A SH O  compaction method, A A SH O  Designation T  180-57, used in 
principle, but the work of compaction increased to 1,020 kgm (100 blows per layer).

Curve A/o. Sand filled in a loose state and compacted in a 5— 1 cylindrical mould. Height of 
free fall 10 cm above the edge of the mould.

Curve A /10. Sand filled in a loose state and compacted in a 5 — 1 cylindrical mould, cf. Curve 
A/o. The mould was lifted 10 times to a height of 12.5 mm on a shaking table, and was 
then allowed to fall by gravity back to its initial position.

Curve A/20. Same as A /10, but the mould was lifted 20 times.
Curve A/40. Same as A/10, but the mould was lifted 40 times.
Curve A/60. Same as A /10, but the mould was lifted 60 times.
Curve B/o. Sand filled in a loose state and compacted in a 5— 1 cylindrical mould. Height o f 

free fall 100 cm above the edge of the mould.
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Subbase ranging from gravelly one! stony sand to sandy gravel

Subgrade consisting of heavy clay on morainic soil

Fig. 3. Longitudinal section of Brista— Söderby Base Test Road, E 4  Road. The surfacings and 
the bases used on the various test road sections are enumerated in the table below.

with the National Swedish Road Board and the County of Stockholm Road 
Authority, has constructed in 1963— 1964 a test road, 1,000 m in length, divided 
into 10 sections, which are provided with bases differing in type and in thick

Test
road
section
No.

Type of 
surfacing Type of base

i Type 6o Ab Macadam compacted and then grouted with asphalt mix (M M ),
rolled io cm thick.
asphalt “ Base gravel ”  (G ), io  cm thick.

2 Type 6o Ab Macadam compacted and then grouted with cement mortar (C M ),
rolled io cm thick.
asphalt “ Base gravel”  (G ), io  cm thick.

3 Type 6o Ab Macadam compacted and then grouted with cement mortar (C M ),
rolled 1 5 cm thick.
asphalt “ Base gravel” (G ), 5 cm thick.

4 Type 6o Ab Gravel stabilised with cement (C G ), 15 cm thick.
rolled “ Base gravel” (G ), 5 cm thick.
asphalt

5 Type 6o Ab Sand stabilised with cement (C S), 15 cm thick.
rolled “ Base gravel” (G ), 5 cm thick.
asphalt

6 Type 6o Ab Gravel stabilised with bitumen (B G ), 15 cm thick.
rolled “ Base gravel” (G ), 5 cm thick.
asphalt

7 Type 6o Ab Rolled asphalt (A b), 5 cm thick.
rolled Gravel stabilised with bitumen (B G ), 15 cm thick.
asphalt

8 Type ioo Ab “ Base gravel”  (G ), 19 cm thick.
rolled
asphalt

9 Type io o A b Macadam sealed with gravel, 9 +  10 cm thick.
rolled
asphalt

IO Type 6o Ab Macadam compacted and then grouted with asphalt mix (M M ),
rolled 19 cm thick.
asphalt



ness. The base test road forms part of E 4 Road, Brista-Söderby section, County 
of Stockholm.

The subgrade of this test road consists mostly of heavy clay overlying mo- 
rainic soil. The clay layer is in general more than 0.5 m in thickness. However, 
on the great part of Test Road Section No. 1, as well as in some local areas on 
Test Road Sections Nos. 4 and 10, the road pavement rests on morainic soil. 
The sub-base consists of a material ranging from gravelly and stony sand to 
sandy gravel. The total thickness of road construction is 70 cm on Test Road 
Sections Nos. 1 to as well as on a half of Test Road Section No. 8, and 80 cm 
on the other sections. The longitudinal section and the table in Fig. 3 show 
the types and the thicknesses of the bases used on Brista-Söderby Base Test Road. 
A  separate report on this test road is in preparation.

During the financial year under review, the Department has made inspec
tions as well as levelling operations, measurements of evenness, load tests, 
samplings, etc., on Brista-Söderby Base Test Road and on the test roads which 
had previously been constructed for studying soil stabilisation.

Geological Department

Frost Research 

Field Tests
Investigations have been made on a special section of the road 83 in Järvsö 

with a view to preventing the occurrence of unevenness due to non-uniform 
frost heave in the winter-time.

In the road area liable to non-uniform frost heave, the bedrock protrudes 
through the highly frost-susceptible series of sedimentary strata approximately 
between Sections 0/700 and 0/725, see Fig. 4. Between these sections, the bed
rock is overlain with gravelly, very little frost-prone morainic soil as well as 
with gravel and sand materials, which are non-frostsusceptible. The latter 
materials are an integral part of the base and the sub-base of the existing road. 
On the road section under consideration, the depth to rock is about 1.7 to 1.8 m 
at the centre of the road. At Section 0/725, the bedrock surface exhibits a very 
steep downward slope in the direction of Ljusdal. Accordingly, the depth from 
the road surface level to the bedrock increases from 1.7 m at Section 0/725 
to 2.6 at Section 0/727, and to 4.5 m at Section 0/729. At the same time, the 
highly frost-susceptible sedimentary strata in the subgrade at the above-men
tioned sections increase in thickness from 15 to 75 and 120 cm, respectively. 
The highly frost-susceptible sedimentary strata are separated from the bedrock 
by a layer of gravelly morainic soil, whose thickness is about 70 cm at Section 
0/725, and increases in a northward direction. In order to prevent non-uniform 
frost heave in the future, this road section has been provided with mineral wool 
insulation. Fig. 4 shows the design position of the insulating layer. As regards 
freezing and thawing in the course of the freezing period of 1963— 1964 after
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Fig. 4. Longitudinal profile of the soil showing the stratification along a road section before 
it was provided with mineral wool insulation, whose design position is indicated in this diagram.

the construction of the insulation, it is to be noted that the depth of frost pene
tration, determined by means of frost depth indicators, reached 155 cm on a 
non-insulated portion of the road, whereas it was slightly greater than 100 cm 
on the insulated road sections. It is furthermore to be observed that complete 
thawing took place about April 13th on the insulated portions of the road, and 
about May 4th on the non-insulated road sections. The level of the road sur
face was on the whole invariable, as has been found from longitudinal and 
transverse profile measurements. In estimating the results of this investigation, 
it may be useful to know that the freezing index for the winter in question 
was 880 degree-days, while its normal value is about 700.

Profile Measurements on Roads Provided with V-Shaped Insulating Layers
The transverse profiles of the road surfaces have been recorded by means of 

the Institute’s profilograph in the County of Västerbotten on newly constructed 
road sections which are provided with V-shaped insulating layers. The insulat
ing materials used for these layers are bark and peat. These profile measure
ments constitute a phase of an investigation dealing with the effectiveness of 
V-shaped insulating layers in counteracting the formation of longitudinal frost 
cracks. Fig. 5 shows eight profiles recorded on a section of Road No. 92, County 
of Västerbotten, which is equipped with a V-shaped bark layer.

The ability of V-shaped insulating layers to counteract the occurrence of 
the frost dependent increase of the camber of the road surface which constitutes 
a criterion of the risk of cracking is illustrated in Fig. 5 by the values of the 
change in the camber, i.e. in the rise of the centre of the road in relation to the 
edges of the carriageway. A decrease of the camber indicates the absence of 
the risk of cracking. On the other hand, this risk can be expected to exist when 
the change in the camber is positive. The magnitude of the risk of cracking is 
a function of the magnitude of the positive change in the camber, as has been 
found from earlier investigations.



Change in carriageway 
level, cm

Road section No. 23/200 
Pavement of a conventional type 
Frost heave at the centre of the road 

=  50 mm 
Change in camber =  + 1  mm

Road section No. 23/280 
V-shaped bark layer 
Frost heave at the centre of the road 

=  16 mm 
Change in camber =  — 6 mm

Road section No. 23/390 
V-shaped bark layer
Frost heave at the centre of the road 

=  17  mm
Change in camber =  — 5 mm

Road section No. 23/470 
Pavement of a conventional type 
Frost heave at the centre of the road 

=  41 mm 
Change in camber =  + 3  mm

Fig. 5. Results of transverse profile mea
surements made on Road No. 92 on two 
different days during the freezing period 
of 1963— 1964. The road sections Nos. 
23/200 and 23/470 are provided with a 
pavement of a conventional type, where
as the road sections Nos. 23/280 and 
23/390 are insulated with V-shaped bark 
layers.



Soil Investigations on Roads Damaged by Frost Heaving
Frost cracks as well as non-uniform frost heave have been observed on the 

Varuträsk—Strömfors road, County of Västerbotten, in the winters of 1961 
to 1964. The construction of the road and the subgrade have been investigated 
in the summer of 1962 by digging longitudinal and transverse ditches in those 
portions of the road which had been most severely damaged by frost. A  general, 
summary soil investigation has been carried out in the summer of 1963. After 
a preliminary evaluation of the results obtained from this soil investigation, 
it was found that highly frost-susceptible sedimentary deposits overlying mo
rainic soil are met with in local areas in the subgrade of this road section. This 
circumstance, in combination with unfavourable ground water conditions, has 
caused longitudinal frost cracks, and has also given rise to non-uniform frost 
heave and to cracks in the areas of transition from the above-mentioned frost- 
susceptible sediments to the less frost-susceptible morainic soil.

A  section of Road No. 92, at Balåker, County of Västerbotten, has been 
provided with a V-shaped bark layer, but longitudinal frost cracks have formed 
in spite of this insulation. A soil investigation carried out on this road section 
showed that the character of the subgrade involves an extremely great danger 
of frost crack formation. Furthermore, it seems that the V-shaped bark layer 
has not been constructed entirely in conformity with the relevant standard 
specifications. Thus, the insulation layer is comparatively uniform in thick
ness, and does not taper off sufficiently towards the edges of the road. It is 
probable that this fact was a contributory cause of the longitudinal frost cracks 
which developed on this road.

Investigations of Aggregates 

Strength
Rock materials of various types have been tested for strength by determining 
their coefficients of brittleness and their Los Angeles values. This value was 
expressed in two ways, viz., first, in terms of the amount, in per cent by weight, 
passing a i-mm sieve after abrasion in a Los Angeles machine, and second, in 
terms of the ratio of two areas, namely, the ratio of the area below the sieve 
analysis curve of the material subjected to abrasion in the Los Angeles machine 
to the total area of the sieve analysis graph between the 0.074-mm sieve and 
the upper particle size limit in the fraction under investigation (16  mm). As is 
seen from Fig. 6, there is a linear correlation between the Los Angeles values 
expressed in these two ways.

I f  we consider the relation between the coefficients of brittleness and the 
Los Angeles values of rock materials of different types, then we find from 
Fig. 7 that this relation is linear for the rocks which consist of hard minerals, 
in the main such as quartz, feldspar, and hornblende. It is to be noted that 
the effect of the coefficient of flakiness has not been taken into account in 
these investigations, and that their results are to be regarded as preliminary.
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Disintegration Due to Freezing
At the request of the National Swedish Road Board, investigations have been 

started with a view to studying the risk of disintegration due to freezing of 
lightweight concrete materials used as fills on roads constructed on subgrades 
having a low bearing capacity. To begin with, these investigations dealt with 
the rate of water absorption of these materials when immersed in water at 
room temperature for varying periods of time. As may be seen from Fig. 8, 
the degree of saturation reached 8o per cent (water content 140 per cent) after 
about 3 months, and 98 per cent after some 12 months.

Fig. 7. Relation between the coefficients of 
brittleness and the Los Angeles values of 
various rocks.



Fig. 8. Rate of water absorption of crushed 
lightweight concrete (fraction 8 to $.6 
mm) immersed in water. Temperature of 
the water about 22°C .

Time, days

The liability of lightweight concrete materials to disintegration caused by 
frost action was investigated by freezing tests on samples which differed in 
water content. Fig. 9 represents the results of freezing tests made on a light
weight concrete material (fraction 5.6 to 8 mm) which had a water content 
of about 150 per cent (degree of saturation 94 per cent). The particle size dis
tribution of the frozen material shows that all particles of the original material 
have disintegrated on account of freezing. It is moreover seen from Fig. 9 that 
the particle sizes of about 80 per cent of the material after freezing were com
prised within the range from 0.2 to 2 mm, whereas the fines content (i.e. the 
percentage of particles less than 0.074 mm in size) has increased but to a very 
slight extent. In order to find out whether the material had been abraded to 
any substantial degree by sieving, the original fraction was re-sieved. As is 
seen from Fig. 9, Curve C, the amount of abrasion caused by sieving was very 
small.

Fig. 9. Results of freezing test on crushed lightweight concrete having a water content of about 
150 per cent. Curve A  shows the particle size distribution of the original material. Curve B 
represents the particle size distribution after water absorption (immersion in water for 9 
months) to a water content of 150 per cent and freezing to about — i8 °C  in two cycles. 
Curve C  expresses the particle size distribution after repeated sieving of the original fraction 

by using the same procedure that was employed in sieving the frozen sample.



Mechanical Department

Salt Treatment of Ice and Snow on Roads

An investigation has previously been undertaken by the Mechanical Depart
ment in order to study the effects of calcium chloride, rock salt, and a mixture 
of these salts in removing ice from roads under simultaneous action of traffic, 
see Institute Reports Nos. 41 A, p. 37, and 43 A, p. 3 1. This investigation was 
continued to a limited extent in 1963 — 1964. Tests in which 200 g of salt or 
salt mixture per m2 of ice surface area was spread on an ice sheet, 4 mm in 
thickness, were made at temperatures of —4, — 7, and — i i °C . A t all these 
temperatures, it was found that the largest ice-free surface area of pavement 
was obtained when the ice was treated with rock salt, irrespective of the inter
val of time from the spreading of the salt to the time at which the comparison 
was carried out. This result differs from the experiences collected in other 
countries, where calcium chloride is regarded as the most effective de-icing 
agent. It has not yet been possible to find the cause of this discrepancy.

Special liquid de-icing agents for removing thin layers of ice from air field 
runways are available on the market. Preliminary tests on such a commercial 
de-icer, which consisted in the main of a mixture of ethylene glycol and iso- 
propyl alcohol, have been performed on an ice layer, 3 mm in thickness, at a 
temperature of —4 °C  in connection with the above-mentioned investigations. 
The de-icing liquid was spread in different areas of the ice surface in amounts 
ranging from 0.05 to 1.00 1 per m2. Since no measures were taken to prevent 
the liquid from flowing out in the surroundings, the effective volume of liquid 
was in fact slightly smaller than that stated in the above. As soon as 15 minutes 
after the application of the de-icing agent, the ice was removed from some 
elevated portions of the pavement where the quantity of liquid spread on the 
surface was at least 0.25 1 per m2, and after 30 minutes, comparatively large 
parts of the pavement surface where at least 0.75 1 of liquid per m2 had been 
spread were free from ice. During the following hours, no appreciable changes 
were to be observed. However, after 7.5 hours, it was noticed that ice began to 
form again, and this continued during the whole period of observation, i.e. 
24 hours. This recongelation was probably caused by the evaporation of the 
alcohol, after which only the quantity of water corresponding to the quantity 
of glycol could remain in the liquid state.

Frost Indicators

Tests on a frost indicator used to give warning of slipperiness in local road 
areas have been started in the past financial year, see Institute Report No. 43 A, 
p. 32. These tests were continued during the winter of 1963— 1964. In com
pliance with the wish expressed by the manufacturer of this frost indicator, 
the device in question was readjusted so as to indicate slipperiness when either 
the temperature of the air or the temperature of the ground was lower than 
o°C  (previously — i°C ) and the relative humidity of the air was at the same



time higher than 95 per cent. The evaluation of the observations made in these 
tests has not yet been completed, and it is therefore not possible at present to 
determine the reliability of this frost indicator. It would seem, however, that 
slipperiness has been indicated in several cases where the road surface was not 
actually slippery.

Friction Investigations on Road Pavements 

Correlation Measurements
Friction test vehicles (Skiddometers) of several types are used in the friction 

measurements made by the Institute. The measuring systems of these test ve
hicles are based on different principles. In order to study and to co-ordinate 
the results of measurements performed by means of the various test vehicles, 
preparatory correlation measurements have been carried out on Type BV  4, 
Type BV  5, and Type BV 8 Skiddometers. Up to the present time, these measure
ments have been made on a road pavement of one type only—sprinkled cement 
concrete—but they will be continued on other road surfaces characterised by 
different friction levels, and will moreover be carried out on Skiddometers of 
the other types also. To ensure that the road surface should be sprinkled at 
a uniform rate, which should be the same for all Skiddometers, a new stationary 
sprinkler equipment has been designed, constructed, and tested for these measure
ments. This equipment comprises a water tank, a pump driven by a petrol en
gine, and a plastic hose, 200 m in length, which is provided with nozzles every 
three metres.

Friction Measurements on Road Surfaces Primed with Cut-Back
In road construction, the road surface is primed with an appropriate adhesive 

agent before the application of the wearing course. A question that has been 
raised in this connection is whether the road users would be exposed to any 
risk of skidding if such a primed road surface were submitted to traffic prior 
to the spreading of the wearing course. To investigate this question, the Me
chanical Department has made friction measurements under controlled traffic 
conditions on dense rolled asphalt and on surface dressing, respectively, which 
had been primed with volatile low-viscosity cut-back. In these measurements, 
which were performed at a speed of 80 km per h and at an optimum slip on 
sprinkled road surfaces, the difference in the coefficient of friction between 
the primed road sections and the adjacent non-primed sections was found to 
be 0.4 to 0.5 on surfacings of both types under test. The coefficient of friction 
on the primed road sections increased with the time, but the difference observed 
after some 30 hours was still about 0.2. In the measurements made at the same 
speed with a locked wheel, the absolute differences in the coefficient of friction 
were slightly smaller, but when the lower friction level corresponding to the 
locked wheel was taken into account, these differences, expressed in per cent, 
proved to be equal to those observed before. These measurements show that 
it is necessary that the road sections where such priming operations are in pro
gress should be marked off by means of barriers or at least warning signs.



Friction Measurements Extending over Whole Length of Two Roads 
in One County

The Institute has for a long time considered that it would be of value from 
the standpoint of traffic safety if the friction levels of surfaced roads could 
be measured to a greater extent, and could be stated together with the other 
road data which are normally tabulated, such as the type of road surfacing, 
its age, and the like. The Type BV  8 Skiddometer, which measures friction at 
a slip of about 15 per cent and which had originally been designed for fric
tion measurements on air field runways, was regarded as well suited for such 
routine measurements, and a special method of friction measurement on long 
road sections has been evolved for this friction test vehicle. The lorry used for 
towing the Type BV 8 Skiddometer was equipped with a water tank and a 
sprinkler outfit for watering the road surface in front of the test wheel.

In October 1963, the Mechanical Department carried out friction measure
ments according to this method on E 4 and E 18 Roads, in the County of Uppsala. 
They were performed at a speed of 60 km per h, in both directions of travel, 
in a wheel path situated at a distance of 1.2 m from the edge marking of the 
carriageway. The frictional force was measured and recorded continuously, 
while the road was being sprinkled at a rate of about 20 1 per min. After about 
every 10 km, the measurements were interrupted for a short time in order to 
check the slip, the wear of the tyres, etc. In these measurements, use was made 
of common passenger car tyres on the test wheel. The load on the test wheel 
was 500 kg. The wear of the tyres amounted to about 0.05 mm per km. The 
total length of road covered by these measurements was about 19 1 km on E 4 
Road and about 134 km on E 18 Road.

The primary results of these measurements are represented by a curve re
corded on a paper strip chart. These results may be analysed and evaluated 
with the help of data processing equipment. In the present measurements, the 
results were subjected to manual evaluation only. They are exemplified in Figs. 
10 and 1 1 ,  which show the variation in the average coefficient of friction 
along two different sections of E 4 Road. It is intended that the results of the 
future friction measurements shall be dealt with by means of data processors. 
This will not only facilitate the calculation of trivial mean values and measures 
of dispersion, but will also enable low friction levels and dangerous, abrupt 
changes in friction to be readily determined and localised by sifting out relevant 
information.

Friction Measurements on Tyres Made of High-Hysteresis Rubber

Tyres with treads made of special rubber possessing a high hysteresis have 
been put on the market in recent years. It is claimed that the use of this high- 
hysteresis compound improves the frictional properties of the tyres, especially 
on wet road surfaces. High-hysteresis rubber is utilised only in the tread so 
as to avoid an unnecessary increase in the rolling resistance of the tyres. In
vestigations have been started with a view to comparing the performance of



Figs. io  and n .  Examples of variation 
in the coefficient of friction along two 
sections of E 4 Road in the summer-

these special tyres with that of ordinary standard tyres on Swedish road pave
ments. These investigations will be continued during the next financial year.

Friction Measurements on Roads in Winter-Time 

Studded Tyres
An extensive investigation of tyres newly fitted with sintered-carbide- 

tipped studs has been carried out during the financial year 1962— 1963. The 
results of this investigation were evaluated in the course of the year under 
review, and were embodied in a separate report, see Special Report No. 21. 
As has already been mentioned, the investigation made in 1962— 1963 had dealt 
with new-studded tyres only, and has therefore been supplemented during the 
period from February to April 1964 with friction measurements performed 
on ice with five tyres, each of which had previously been submitted to a wear 
test covering about 10,000 km of travel on road surfaces that were not covered 
with snow and ice. Furthermore, a type of a tube-tipped stud has been tested 
at the same time. These tests were carried out on 18 random samples of winter 
tyres, which differed in type from those used for the tests in 1962— 1963. Part 
of these tyres were provided with various numbers of tube-tipped studs, while, 
for the sake of comparison, the other tyres were fitted with different numbers 
of sharp-pointed studs of the same type that had been tested in 1962— 1963. 
Two non-studded tyres were used as reference tyres.

The friction measurements were made on ice tracks by means of Type BV  5 
and Type BV 9 Skiddometers, which had been described in Institute Reports 
Nos. 37 A, 40 A, and 42 A. After preliminary friction measurements on eight 
new-studded tyres, they were mounted on private cars, and were subjected to 
a wear test which covered 10,000 km of travel. After this wear test, the tyres 
were submitted to repeated friction measurements on ice tracks.
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The primary evaluation of the results obtained from the friction measure
ments has been completed, and it is expected that the final results will be 
available in the near future.

Friction Measurements on Pavements on Viaducts
Under certain definite weather conditions, e.g. when the temperature drops 

below o°C  at a high relative humidity of the air, the carriageways on viaducts 
and road bridges can be covered with a thin film of ice on account of the low 
heat capacity of these structures. From a traffic safety point of view, this forma
tion of ice is all the more dangerous as the friction on the carriageways on both 
sides, behind and ahead, of the viaduct or road bridge can be very high. The 
Institute has for a long time directed its attention to this problem. Table 2 
shows the results of friction measurements made with the Type BV  5 Skid- 
dometer on a section of E 4 Road in December 1963, when the temperature of 
the air was — 5°C . The carriageway between the viaducts was not covered with 
snow or ice, but owing to the weather conditions there were frost deposits on 
the pavements on the viaducts. As is seen from Table 2, the greatest difference 
in the coefficient of friction was about 0.6.

Table 2. Friction measurements on viaducts

Viaduct No.
Coefficient of friction

Behind viaduct On viaduct Ahead of viaduct

i  ......................................... 0.27 0.78
2 ........................................ ......................  o.86 0.25 0.80

3 .......................................... 0.25 0.74

4 ........................................ 0 . 2 7 0 . 7 6

5 ................................. 0 . 4 2 0-73
6 ................................. 0.33 0.86

7 ........................................ ......................  o.88 0.41 0.86
8 ................................. ......................  o.88 0.41 0.86

9 ............................... 0.61 0.87
IO ........................................ 0.24 0.73
i i  ........................................ 0.23 0.67
12 ............................... . o bo 0.25 0.66

Investigations of Road Vehicles

Test Runs of a Vehicle Provided with Studded and Non-Studded Tyres on Ice 
A number of test runs on an ice track have been carried out in March 1964. 

These tests were performed by means of the test vehicle DF 1 (see also under 
“Design and Construction of Equipment” , p. 30). They comprised braking 
with locked rear wheels, driving in a 90-degree curve, as well as swerving in



order to overtake another vehicle, followed by return to the original track. 
These test runs were made on the test vehicle provided with non-studded tyres, 
with tyres studded all round, with studded tyres on the front wheels only, 
and with studded tyres on the rear wheels only. Each studded tyre was fitted 
with 232 studs. In addition to these test runs, a number of braking and accele
ration tests were carried out in areas of transition from high to low friction, and 
vice versa.

The results of these tests have not yet been analysed.

Driving and Braking Characteristics of Private Cars with Caravan Trailers
The Institute has started an investigation dealing with the driving and brak

ing characteristics of private cars with caravan trailers. The preliminary theo
retical studies and the preparations for practical test runs have already been 
carried out. The whole investigation is expected to be completed in the autumn 
of 1964.

Study of Brake-Testing Machines for Safety Inspection of Motor Vehicles
During the period from December 1963 to March 1964, the Institute made 

a study dealing with the design and construction of brake-testing machines 
to be used in the annual safety inspection of motor vehicles. Since the investiga
tions of this problem carried out in other countries did not afford a satisfactory 
basis for this study, the Institute undertook a number of investigations by means 
of the roller-type brake-testing machine designed and installed in the Division 
of Technology of Vehicles, Royal Institute of Technology, Stockholm. This 
machine can be employed for brake tests at speeds ranging from about 2 km 
per h to 50 km per h. The rollers, 415 mm in diameter, are rough-turned. The 
investigations made with the help of this testing equipment concerned the effect 
of the testing speed on the brake performance in braking tests, the possibilities 
of testing brakes on vehicles provided with studded tyres, and the possibilities 
of testing brakes on vehicles when their tyres are wet and dirty. Furthermore, 
a number of measurements of the correlation between the results obtained by 
means of various commercial brake-testing machines were made with the help 
of the test vehicle DF 1 equipped with a brake pedal force gauge.

The results of the tests carried out with the roller-type brake-testing machine 
showed that the brake performance at speeds below 20 km per h can differ 
considerably from the brake performance at speeds exceeding 30 km per h. 
Accordingly, in order to ensure that the test results shall be closely in agree
ment with the brake performance at the most commonly used travel speeds, 
the testing speed should not be lower than 20 km per h.

The results of the braking tests on studded tyres showed that acceptable 
friction was obtained, that the studs were not damaged, and that the wear of 
the rollers was very slight.

The braking tests made at speeds of 2 and 30 km per h, respectively, indicated 
that wet, clean tyres and dry, dusty tyres resulted in coefficients of friction



which were lower at 2 km per h than at 30 km per h because the greater centri
fugal force at the higher speed rapidly removed water or dust from the tyres. 
Wet, clayey tyres exhibited a very low coefficient of friction at a speed of 
2 km per h, and no improvement was to be observed when the braking was 
repeated several times. At a speed of 30 km per h, on the other hand, an accept
able coefficient of friction was already obtained when the braking was repeated 
once.

The correlation measurements showed that the platform-type brake-testing 
machines may be considered to be equivalent to roller-type brake-testing ma
chines at very low testing speeds.

Design and Construction of Equipment 

Automatic Sand Feeder for Sand Spreaders
The National Swedish Road Board has ordered 8 automatic sand feeders 

of the type designed at the Institute in the past financial year to be constructed 
for tests in practical service. An automatic sand feeder of a modified type, 
which is intended for use on trailers, has been designed and constructed for 
experimental purposes.

Type BV 5 Skiddometer
This friction test vehicle has been equipped with a new paper feed mechanism 

for the strip chart, which is now moved in such a way that a given distance trav
elled by the vehicle always corresponds to the same length of the strip chart, irre
spective of the speed of travel. The scale of length is 1 to 1,000. Moreover, 
the Department has designed and constructed a device which enables the distance 
from the centre of the wheel to the road surface to be continuously measured 
and recorded.

Type BV 8 S Skiddometer
A  friction test vehicle which represents a variant model of the Type BV 8 

Skiddometer, and which is equipped with a device for friction measurements 
at a test wheel slip of 100 per cent (locked test wheel), has been constructed. 
This friction test vehicle is shown in Fig. 12.

Fig. 12. Type BV 8 S Skiddometer.



Fig. 13. Type BV  9 Skiddometer.

Type BV 9 Skiddometer
The Type BV 9 Skiddometer has been completed and put into service. This 

friction test vehicle is shown in Fig. 13.

Device for Friction Measurements in Road Machine
The design work on the device for friction measurements in the road machine 

of the Institute, see Institute Report No. 41 A, p. 48, has been completed. The 
components of this device are in the main finished, but they have not yet been 
assembled.

Type DF 1 Dynamic Test Vehicle
An American station wagon (estate car) has previously been purchased for 

use as a test vehicle for investigations dealing with dynamic characteristics 
of road vehicles. In 1963 — 1964, this test vehicle has been equipped with devices 
for measuring the angular acceleration about a vertical axis, the linear accelera-

Fig. 14. Dynamic test vehicle.



tion in three directions at right angles to one another, the angle of rotation of 
the steering wheel, the steer angles of the front wheels, the distance travelled 
by the vehicle, and the force exerted on the brake pedal. A  14-channel Honey
well Visicorder has been installed for recording the measured values. This 
recorder is supplied with current from a 1.5-kV A  petrol-electric generating 
set, which is located in the rear part of the vehicle, and is separated by a parti
tion. The test vehicle has been provided with radio communication equipment. 
A  3 5-mm still camera and a 16-mm motion picture camera have been fitted 
in the vehicle. Other items of measuring equipment are in process of installa
tion. Fig. 14 shows an interior view of this test vehicle.

Traffic Department

Traffic ability of Roads

The purpose of trafficability studies is to determine the relations between 
the speeds of motor vehicles and the engineering design features of roads under 
various traffic conditions. The results obtained from measurements of spot 
speeds on straight road sections and travel times on 18 road sections differing 
in road standard have been presented in Institute Report No. 43 A, pp. 72 
to 74. Similar data relating to 18 other road sections have been collected and 
analysed. The total available data, which cover more than 10,000 motor vehicles, 
have in part been utilised in studies dealing with frequencies and speeds of 
heavy combinations of vehicles.

A stage in the interpretation of the results obtained from the travel time 
measurements is constituted by special investigations which are being conducted 
in order to study the effects of horizontal curves on the speeds of motor vehicles. 
These investigations require an accurate description of the curves forming part 
of the road sections under consideration, and necessitate measurements of speeds 
in these curves. The numerous road characteristics which influence the speed 
in a given curve include, among others, the radius of the curve, the length of 
the curve, the angular change in the direction of the road due to the curve, 
the width of the carriageway, the superelevation of the curve, the surfacing of 
the curve, the sight distance in the curve, and the gradient of the carriageway 
in the longitudinal direction. This problem is complicated by the fact that no 
curve can be studied separately since the speed is not only dependent on the 
design features of the individual curve, but also varies in a high degree with 
the general standard of the road section preceding the curve.

Methods which make it possible to analyse queues differing in composition 
of vehicles have been evolved in order to describe the traffic conditions which 
are met with in a given place at a given time. These methods have been tested 
in studies of the effects produced by heavy vehicles on the traffic conditions



associated with queues. Furthermore, an equipment has been designed for taking 
motion pictures of overtaking manoeuvres from an observation vehicle which 
travels at varying speeds.

N ew  Method of Separating Individual Vehicles in Traffic Streams

In traffic studies made at specific points of roads in order to determine the 
traffic flow, the speed distributions, the distributions of time headways between 
successive vehicles, etc., the reliability of the results of measurements is to a 
high degree dependent on the ability of the recording equipment to separate 
the individual vehicles in the traffic stream. The equipment in question com
prises pneumatic, electrical, or mechanical vehicle detectors, which are laid in 
the carriageway. This equipment has been designed primarily for observations 
of traffic on roads in rural areas.

The above-mentioned equipment shall separate the pulses corresponding 
to the individual vehicles by selecting them from the series of pulses which is 
emitted when the wheels of the vehicles pass over the detectors. This function 
of the equipment is based on the fact that the time intervals between the pulses 
due to the same vehicle are shorter than those between the pulses caused by 
different vehicles. As each incoming pulse is used to produce a blocking inter
val of an appropriate duration, an individual vehicle gives rise to uninterrupted 
blocking, whereas the blocking is interrupted between successive vehicles because 
the time intervals between the pulses due to these vehicles are longer. This 
enables the data relating to each individual vehicle to be recorded separately. 
Accordingly, on the one hand, it is desirable that the blocking period should 
be as long as possible in order to prevent more than one record from being 
made for each individual vehicle, whereas, on the other hand, it is desirable 
that the blocking period should be as short as possible in order that each one 
of the successive vehicles should be recorded separately.

An empirical basis for the determination of the relation between the speed, 
V, and the time headway, At, between successive vehicles has been afforded by 
measurements carried out on a road in the absence of a speed limit. These 
measurements showed that the time headways between these vehicles at high 
speeds are often shorter than they are at low speeds.

The traffic analysers which have so far been used by the Institute are designed 
in such a way that the blocking period, r, after each pulse emitted from the 
vehicle detectors is constant, see Institute Report No. 40 A, p. 35. This prin
ciple gives satisfactory results within a limited speed range. I f  the constant 
blocking period is replaced by a constant blocking distance, S , after each pulse, 
then the measurements can in principle be performed so as to be independent 
of the speeds of the vehicles, and so as to prevent each individual vehicle from 
being recorded more than once. In reality, however, the distance S shall not 
be chosen too great, as has already been pointed out in the above.

The speed-time graph in Fig. 15 illustrates the relation between the speed, V , 
and the time headway, A £, by an aggregate of points in the hatched area, and



Fig. 15. General relation between the speed, V,  of, and the time headway, At,  between, succes
sive vehicles at low values of At. The variation in the blocking period, r, with the speed in 
accordance with the new “ constant blocking distance” principle is shown in this graph for 

the example: r  =  0.4 sec, S =  7 m (V,  in m per sec).

represents the effects of the above-mentioned two principles of blocking. The 
principle based on the constant blocking period, r =  const., corresponds to a 
vertical line in this graph. I f  the wheel base, /, and the speed, V, of an individual 
vehicle are such that l/V  >  r, then this vehicle will be recorded more than once. 
Such cases are situated on the right of the vertical line r =  const., and cor
respond in the first place to long vehicles moving at low speeds. On the other 
hand, if the time headway between successive vehicles is such that At <C r, then 
these vehicles will be recorded as a single vehicle. These cases are situated on 
the left of the vertical line t =  const, in Fig. 15, and are mostly represented 
by successive private cars travelling at high speeds, as has been demonstrated 
by the empirical data referred to in the above.

I f  use is made of the principle based on the constant blocking distance, 
S — const., then the blocking period, t, will vary with the speed according 
to a branch of a hyperbola represented by the equation t  — S/V, where S is 
the predetermined blocking distance. Each individual vehicle whose wheel 
base is smaller than, or equal to, S is recorded correctly since S is chosen so as 
to be so great that the points (At,V) are situated on the left of the hyperbola. 
Successive vehicles are recorded separately as soon as the distance between the 
nearest axles of these vehicles is greater than S. As a rule, this is the case in 
the traffic on roads in rural areas.

Vehicle-Differentiating Traffic Counter

A vehicle-differentiating traffic counter has been devised in the Traffic 
Department. The principles of this traffic counter are based on two facts, viz., 
first, that the differences in the transport functions of the vehicles are as a rule 
reflected in the axle arrangement, and second, that the axle arrangement can



u e t e c t o r

a b o u t a b o u t Fig. 1 6.
3 .3 0  m 1 . 7 0 ra detectors

be determined from the sequence of pulses emitted from three detectors which 
are placed on the road in conformity with a certain definite system, see Institute 
Report No. 41 A, pp. 63 to 65. The pulses emitted when the wheels pass over 
the detectors are recorded on a moving paper strip chart, which is evaluated 
by means of data processing equipment. On the basis of the number of pulses 
and the order in which they are mutually related in time (pulse sequence), the 
vehicle records can be divided into various groups, e.g. those which correspond 
to the classification of vehicles that is used in the axle load measurements made 
by the National Swedish Road Board.

The principle based on the constant blocking distance, which is employed 
for separating the records of successive vehicles by the aid of the method out
lined in the preceding section, can also be applied to this traffic counter in 
such a way that a mark is obtained on the strip chart between the records 
corresponding to successive vehicles, and this facilitates the evaluation of the 
strip chart.

In order to comply with the requirements concerning the evaluation and 
the data processing, it has been necessary to devise detectors which are more 
reliable in operation, and to modify the recording logic. Owing to these im
provements, the errors in recording as well as the errors in the evaluation of 
the records have been practically obviated.

The recording logic used at present makes it possible to ascertain to a high 
degree of precision whether the wheel base of a vehicle is greater or smaller 
than the distance between two of the three detectors, see Fig. 16. Extensive 
tests have shown that the resolving power in this respect is better than ± 2 .5  cm.

After these improvements of the detectors and the recording logic had been 
carried out, it was possible to start accurate tests of the vehicle-differentiating 
effects corresponding to various distances between the detectors. The results 
which have so far been obtained from these tests indicate that the spacings 
of the detectors A, B, C which are to be regarded as optimum from the stand
point of vehicle differentiation at the present stage of development of the 
vehicular composition of road traffic are 3.30 m (A to B) and 1.70 m (B to C). 
In these tests, each vehicle recorded by the traffic counter was automatically 
photographed at the same time. These data have been analysed, and the results 
of this analysis are summarised in Table 3. It is seen from this table that, as 
a rule, the wheel bases of light motor vehicles were short (smaller than 3.30 m), 
while those of heavy motor vehicles were long (greater than 3.30 m). The devia
tions from this rule were small in number, and they compensated one another, 
that is to say, the data included 21 light, long vehicles and 19 heavy, short 
vehicles. Consequently, the number of heavy vehicles (223) was approximately 
equal to the number of long vehicles (225).



Table j .  Differentiation of heavy and light two-axle motor vehicles on the basis 
of records obtained by means of the vehicle-differentiating traffic counter

Record

Light2

Number of two-axle 
motor vehicles

H eavy Total

Percentage 
o f light 
vehicles

Short1 vehicles ................................ 2,487 19 2,50 6 99.2
Long vehicles .................................. 21 204 225 9-3
Total ................................................. 2,508 223 2,731 91.8
Percentage of short vehicles 99.2 8.5 91.8

1 Wheel base shorter than 3.30 m and longer than 1.70 m.
2 Total weight lower than 5 metric tons.

Frequency of Road Traff ic Accidents at Three-Way Junctions

The Institute is conducting studies of the necessary conditions for establishing 
a system of statistics which furnish information on the effects produced on 
road traffic accidents by road environment and traffic characteristics. In order 
to collect the data needed for this purpose, it is required to study traffic acci
dents in various road and traffic environments. A  first stage of these studies 
was an investigation dealing with data on the traffic accidents which had occur
red at three-way junctions between National Main Roads and other public roads 
in non-urban areas during the period from 1957 to 1959.

Description of Accidents
The total number of accidents at 805 three-way junctions during the period 

under review was 708. The breakdown of these three-way junctions by number 
of accidents at each junction is characterised by a strongly marked dispersion, 
that is to say, a relatively great number of accidents occurred at a small number 
of three-way junctions. I f  appropriate measures are taken at these junctions, 
then a not inconsiderable reduction in the absolute frequency of accidents is 
to be expected.

The accidents where only two vehicles entered into the traffic situation, 
i.e. the composition of traffic which was relevant to the accident, were markedly 
predominant (61 per cent). The accidents where more than two vehicles were 
involved in the traffic situation amounted to 28 per cent, the single-vehicle 
accidents to 7 per cent, and the pedestrian accidents to 4 per cent.

The most frequent type of accident was that in which a vehicle was in con
flict with a vehicle ahead that had begun a right turn from a primary road 
into a secondary road (33 per cent). The term “ vehicles in conflict55 or “ con
flicting vehicles55 is used here to designate the vehicles which performed the 
manoeuvres that gave rise to the accident. The accidents which were associated 
with turns to the left amounted to only some 6 per cent.



It is to be noted that accidents of certain definite types are over-represented 
at some three-way junctions. This shows that there exists a relation between 
the type of accident and the geometric design features of these junctions.

The actual accident situation was identical with the conflict situation in 
70 per cent of the total number of accidents. Among the accidents which occur
red in connection with turns from a primary road, the cases where collisions 
took place between the vehicles which were moving in the same direction as the 
turning vehicle amounted to 73 per cent. This percentage comprises 58 per 
cent where the turning vehicle was involved in the collision and 15 per cent 
where collision occurred between two vehicles which were travelling behind the 
turning vehicle. Collisions between vehicles moving in the same direction hap
pened in 54 per cent of the total number of accidents, and collisions between 
vehicles travelling in intersecting directions in 15 per cent of this number.

The accidents in connection with overtaking and passing amounted to 27 per 
cent of the total number. This percentage is markedly higher than it is on roads 
in general. The accidents in queues amounted to 17  per cent of the total. In 
31 per cent of these accidents, collision took place between the two queue leaders, 
and in 62 per cent between vehicles situated further behind in the queue.

Private cars were involved in 95 per cent of the total number of conflict 
situations, lorries in 20 per cent, and motor cycles in 1 1  per cent. In accidents 
associated with right-turns from a primary road, lorries were met with more 
than twice as often as private cars. In accidents bound up with right-turns from 
a secondary road, the relative frequency of two-wheeled vehicles was about 
three times as high as the corresponding total frequency of private cars and 
lorries.

Effects of Traffic Characteristics on Traffic Accidents

The relation between the number of accidents and the traffic flow in the 
traffic range under consideration can be represented to a fairly close approxima
tion by a linear function. O11 the whole, the number of accidents is propor
tional to the traffic flow on the primary road. Hence it follows that the risk 
of accidents, expressed in terms of the number of accidents per million vehicles 
passing a specific point on a primary road, is statistically almost constant, and 
therefore independent of the traffic volume on the primary road. This observa
tion seems to indicate that the three-way junctions covered in this investigation 
conform to a relatively homogeneous traffic safety standard. As has previously 
been mentioned, these junctions are situated on National Main Roads.

In an earlier investigation of accidents at three-way junctions which has 
been carried out at the Institute (234 accidents at 507 junctions), and which 
dealt with junctions where the traffic flow and the traffic safety standard 
were on an average lower than at the junctions included in the present investiga
tion, it has been shown that the frequency of accidents per million vehicles 
passing the three-way junction on the primary road decreased as the traffic flow 
on the primary road became greater. The relative number of accidents was



greatest when the traffic flow on the primary road was small, then decreased 
as the traffic flow on the primary road increased, and finally approached 
asymptotically a minimum value. Consequently, at the three-way junctions 
where the traffic flow was comparatively high, the accident frequency was 
roughly proportional to the traffic flow on the primary road, just as it has 
been found to be on the National Main Roads. The dissimilarity in level of 
the curves obtained from these two investigations may possibly be attributed 
to differences in traffic safety standard between the three-way junctions sub
jected to this comparison. In fact, if the junctions are relatively heterogeneous 
in respect of the traffic safety standard, then it is to be expected that the safety 
standard of these junctions will be higher or lower according as the traffic 
flow on the primary road is great or small, whereas the safety standard of 
the National Main Roads may be presumed to be higher than that of the above- 
mentioned three-way junctions, and to be homogeneous, irrespective of the 
magnitude of the traffic flow.

The percentage of accidents which occurred in connection with right-turns 
increased as the traffic flow became greater. This seems to be in part due to 
the fact that a great traffic flow on the primary road involves an increased 
risk of accidents which take place while overtaking and passing as well as 
accidents of the rear-end-collision type.

Effects of Road Environment on Traffic Accidents
The average number of accidents per three-way junction was lowest in the 

cases where the junction is exactly or very nearly right-angled. The highest 
accident frequency was observed at obtuse-angled junctions. The angle of inter
section at a junction is defined in this connection as that angle between the 
primary (major) road and the secondary (minor) road which lies on the right 
when the secondary road is faced from the primary road. The obtuse-angled 
junctions exhibited the greatest number of accidents which occurred during 
the period from 1957 to 1959 in connection with right-turns from a primary 
road (0.64 per junction on an average), whereas the number of accidents bound 
up with right-turns from a secondary road was greatest (0.18) at the acute- 
angled junctions. In the accidents of both these types, the change in the path
ways of the conflicting vehicles caused by the actual angle of intersection was 
smaller than that which would have been occasioned by a different angle of 
intersection. This result seems to indicate that the question of the origination 
of accidents at junctions is in part a speed problem. The accident frequency 
at the right-angled junctions was also lowest, irrespective of the traffic flow 
on the primary road, see Fig. 17.

Traff ic Investigation at Suburban Shopping Centre

An unexpectedly great number of accidents involving pedestrians have 
occurred in a suburb of Stockholm at a pedestrian crossing on a section of 
National Main Road No. 76, where the inhabitants of a residential area situated



Fig. 1 7. Variation in the average 
number of traffic accidents per 
three-way junction with the traffic 
flow on the primary road at three- 
w ay junctions differing in angle of 
intersection.

-Right angle of intersec
tion.

-Acute angle of intersec
tion.
Obtuse angle of inter
section.

Note.  The angle of intersection is 
defined as that angle between the 
primary (major) road and the 
secondary (minor) road which lies 
on the right when the secondary 
road is faced from the primary 
road.

Mean daily traffic flow on the primary road

on one side of the road must cross the road, e.g. in order to come to a shopping 
centre.

An investigation has shown that 12 pedestrians had been injured or killed 
since i960 at the above-mentioned pedestrian crossing or in its neighbourhood, 
on a road section about 100 m in length. Nine of these accidents have occurred 
since the speed limit had been increased from 50 to 70 km per h in the middle 
of 1962. Six of these accidents took place in the north-bound right-hand lane, 
and happened to pedestrians who were crossing the road in the direction from 
the shopping centre. H alf of the injured pedestrians were more than 65 years 
old. Only 20 per cent of the total number of injured and killed pedestrians 
in Sweden are older than 65 years. Three out of the twelve vehicle drivers 
involved in these accidents were less than 20 years old. Nine out of the twelve 
accidents occurred in darkness or in twilight. In urban areas in Sweden, only 
about one-third of the total number of pedestrian accidents, and nearly half 
of the fatal pedestrian accidents, happen in darkness.

Although this investigation was based on data which are too small in scope 
to permit any statistical conclusions, its results seem nevertheless to indicate 
that special conditions can be met with at pedestrian crossings over major 
through highways in residential areas.

Photographic studies of the traffic at the pedestrian crossing in question 
showed that only about 60 per cent of the pedestrians cross the road between 
the yellow stop lines.

It was found from speed measurements that the medium speed at this pedes
trian crossing ranged from 45 to 50 km per h during peak hours, and from



55 to 60 km per h during off-peak hours. Only 10 to 20 per cent of the vehicle 
drivers were travelling at 70 km per h or at higher speeds during off-peak hours.

Photographic studies have also been used in order to estimate the number 
of dangerous situations involving pedestrians and motor vehicles. In this con
nection, a dangerous situation was considered to be present in the following 
two cases:

(a) A  vehicle is passing the point of intersection of its own path and that 
of a pedestrian two seconds after the pedestrian has passed this point.

(b) A  vehicle is passing at a distance less than 1 m from a pedestrian who 
is walking in the carriageway.

Table 4. Numbers of dangerous situations which have been recorded, and num
bers of accidents which have occurred, at a pedestrian crossing on National 
Main Road No. y6

Within pedestrian Outside pedestrian
Direction of movement crossing crossing

of pedestrians *
1 * 1 *

Number of accidents =  A
D D D DNumber of dangerous situations =  D A A A A

South-bound vehicular traffic in:
Left-hand lane ..................
Right-hand la n e ................

1 19 0 22 0 1 1 6
0 1 1 1 10 0 3 0 1

North-bound vehicular traffic in:
Right-hand la n e ................
Left-hand lane ..................

7 S2 0 26 0 2 0 1
0 34 0 26 1 1 0 2

Table 4 shows the numbers of recorded dangerous situations and the numbers 
of accidents which have occurred in the four lanes in both directions of the 
pedestrian crossing under investigation and in both directions of travel. As 
is seen from this table, the greatest number of accidents has occurred in the 
area where the number of dangerous situations was greatest. This investigation 
indicates that there exists a relation between the number of dangerous situa
tions and the number of accidents occurring at a specific point. I f  this relation 
is studied more closely, then studies of dangerous situations alone ought to make 
it possible to predict whether a traffic arrangement is good or bad from a safety 
point of view.



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 Belgium, Denmark, Federal Republic of Ger
many, France, Great Britain, Iceland, Italy, and Norway.

Stockholm, September 1964.

TH E N A TIO N A L SW ED ISH  RO AD R ESEA R C H  IN ST IT U T E

Nils G. Bruzelius
Director
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