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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 ................................................................................... 7 4

Chief Secretary: Lars G. Biörkman
Technical Office ...........................................................................................  5

Chief: Carl Erik Brinck
Road Surfacings Department .................................................................... 7 11
Department Chief: Harry Arnfelt
Road Foundation Department .................................................................. 4 8

Department Chief: Nils Odemark
Geological Department   5 12

Department Chief: Folke Rengmark
Mechanical Department ............................................................................... 12 28

Department Chief: Gösta Kullberg
Traffic Department   5 13

Department Chief: Stig Edholm

Number of persons 46 76

Total staff 122

Buildings

The National Swedish Road Research Institute has been housed in its 
own building, Drottning Kristinas väg 25, Stockholm, since 1939. As the 
expansion of the activities of the Institute required additional space, about 
5 000 m2 of floor area was rented in a building in Bromma, a suburb of 
Stockholm. After reconstruction, the Mechanical Department and the Traffic 
Department moved to their new place of residence in February 1965.

Publications

The following reports and papers have been published by the National 
Swedish Road Research Institute, Stockholm, in the financial year 1964— 1965:



Printed Reports:

43 A. Annual Report of the National Swedish Road Research Insti
tute for the Financial Year 1962— 1963 .....................................  r9^4

45 A. Annual Report of the National Swedish Road Research Insti
tute for the Financial Year 1963— 1964 .....................................  1965

Special Reports (Mimeographed, in Swedish):

23. Measurements of Depth of Frost Penetration in Steel Culvert,
by S. Freden .............................................................................................  1964

24. Test Road Sections for Road Oils at Vansbro, County of Kop
parberg ...................................................................................................... 1964

25. Meeting of the Committee on Bituminous Binders and Surfacings 
of the Scandinavian Road Engineers5 Association, Stockholm,
June 12 and 13, 1963 .............................................................................  1964

26. Formation of Longitudinal Frost Cracks on Road Section Ers-
näs—Broängen, E 4 Road, County of Norrbotten, by R. Gandahl 1964

27. Trafficability Studies. Preliminary Investigation, by B. Kolsrud 1965
28. Speed Regulations for Fieavy Vehicle Combinations. Traffic

Studies, by B. K o lsru d ..............................................................................  1965
29. Speed Regulations for Light Vehicle Combinations. Traffic

Studies, by K.-I. Åhman ....................................................................... 1965
30. Vehicle-Differentiating Traffic Counter, by S. Edholm, B. Kols

rud, and C. ö s tm a n .................................................................................. 1965
31. Base Test Road at Brista, by B. örbom .............................................  1965
32. Aerial Photography in Traffic Studies, by L. S jö sted t...................  1965
33. Frost Investigations on öjebyn Test Road, E 4 Road, County

of Norrbotten, in 1957 to 1963, by R. Gandahl ............................  1965

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 (SVT) as well as elsewhere.

Papers Presented at Congresses and Published in Reviews

The papers in English are marked (E). The other papers are in Swedish.
Tests on Cement-Treated Bases, by B. örbom, Gullkornet, No. 5, 1964.
Swedish Experiences Relating to Road Construction Characteristics of Cement-Treated Bases, 

by B. örbom, Congress of the Scandinavian Road Engineers3 Association, Gothenburg, 1965. 
Use of Mineral Wool for Preventing Frost Penetration in Roads, by F. Rengmark. Proc. of 

the Vlth Int. Conf. on Soil Mechanics and Found. Engineering, Montreal, 1965 (E).



Longitudinal Frost Cracks in Roads, by R. Gandahl, Swedish Road Association Journal (SVT), 
No. i, 1965.

Water Level Observations in Lake Ormsjön, Lake Malgomaj, and in Stornorrforsen Water 
Power Development Region, by R. Gandahl, Grundförbättring, No. 3, 1965.

Mechanism of Frost Heave and its Relation to Heat Flow, by S. Freden. Proc. of the Vlth 
Int. Conf. on Soil Mechanics and Found. Engineering, Montreal, 1965 (E).

Some Aspects on the Physics of Frost Heave in Mineral Soils, by S. Freden. Surface Chemistry, 
Copenhagen, 1965, Chap. 7 (E).

Traffic Investigations at Mörby Centre, by S. Edholm and H. Norrby, SVT, No. 9, 1964.
Trafficability Studies, by B. Kolsrud, SVT, No. 10, 1964.
Signal Regulation—Some Trends of Development, by L. Sjöstedt, SVT, No. 2, 1965.
Lateral Positions of Vehicles under Various Road and Traffic Conditions, by S. Edholm and 

L. Bondestam, SVT, No. 4, 1965.
Traffic Research at the National Swedish Road Research Institute, by S. Edholm. Traffic En

gineering &  Control, 1964, 6, (5), 290—295 (E).
Effects of Road Environments and Traffic Characteristics on Road Traffic Accidents, by P.-O. 

Roosmark. 7th International Road Safety and Traffic Review, No. 2, 1965 (E).

Research and Investigation W ork at the Institute

During 1964— 1965 the Institute has pursued general road engineering 
research on the same lines as before. Just as 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 investigation of optimum axle loads which had been started during 
the financial year 1963 — 1964 has been continued and in the main completed.

As has been mentioned in Institute Report No. 45 A, the problem dealt 
with in this investigation arises in connection with the fact that the cost of 
road construction, and perhaps also the cost of road maintenance, increase as 
the axle load for which a road is designed becomes higher. It has been found 
that vehicles having high single-axle and tandem-axel loads are more economi
cal in transportation owing to their greater pay loads, and are therefore more 
favourable in this respect, than vehicles having low axle loads. Consequently, 
the use of vehicles characterised by axle loads leads to a decrease in the vehicle 
cost per ton of transported goods. Since an increase in the axle load thus 
entails an increase in the road cost, but causes a reduction in the vehicle cost, 
it was assumed that this problem must be solved by determining an optimum,



that is, a certain definite axle load—the optimum axle load—at which the 
sum of the road cost and the vehicle cost is reduced to a minimum. The term 
'road cost”  is employed in this connection to denote the sum of all costs of 
road construction and road maintenance, while the term “ vehicle cost”  is used 
to designate the sum of all costs involved in the purchase and in the operation 
of road vehicles. Accordingly, in order to determine an optimum axle load, it 
is necessary that the two cost components, i.e. the road cost and the vehicle 
cost, should be calculated separately for different assumed values of the single
axle and tandem-axle loads.

After the road cost and the vehicle cost had been computed, it was found 
that the optimum axle load is dependent on the quantity of goods to be 
transported.

This investigation will appear in one of the series of publications issued 
by the Institute.

Technical Documentation Centre and Library

During the financial year 1964— 1965, the Technical Documentation Centre 
has continued the preparation of the abstract cards (standard size A 6) which are 
intended for internal uses at the Institute. The Universal Decimal Classifi
cation (UDC) is employed for the documentation card index, which com
prises about 6 000 cards at the present time.

To draw up a system of documentation in the field of road research is 
one of the items that have been included in the programme of work of the 
European Organisation of Road Research Laboratories (E.O.R.R.L), which 
had been formed on the initiative of the O.E.C.D. The work on this documen
tation system was started in January 1965, and is rapidly progressing. Three 
main centres for collecting and abstracting articles in periodicals, reports, and 
other documents have been established, viz., one at the Laboratoire Central 
des Ponts et Chaussées, Paris, France, one at the Road Research Laboratory, 
Harmondsworth, England, and one at the Forschungsgesellschaft fiir das 
Strassenwesen, Cologne, Federal Republic of Germany. The majority of the 
European road research laboratories prepare abstracts of articles selected from 
the periodicals which are published in the respective countries, translate these 
articles into English, French, or German, classify them, and type them on abstract 
sheets (standard size A  4), which are sent, together with the original text, to 
one of the above-mentioned centres (the Institute mails its abstracts to the Road 
Research Laboratory, Elarmondsworth).

Road Surfacings Department

Stress Relaxation of Bitumens and Bituminous Mixtures

Among the rheological properties of bitumens and bituminous mixtures, the 
stress relaxation is one that has received but little attention. In a recently published



doctoral thesis,1 it is stated that the normalised inflation slope of the relaxation 
curve, given by the expression

Ao \d log 1 1 inflection
where

o — the stress, 
t — the time,
Ao =  the reduction in stress due to relaxation,

is constant within narrow limits for great variety of materials. The above- 
mentioned thesis deals with plastics, rubber, and paper, as well as with metals. 
The latter have also been tested in the form of single crystals. The inflection 
slope determined in tensile tests was found to be about o.i.

The Road Surfacings Department has made similar measurements on bitu
mens and bituminous mixtures. The composition of the bituminous mixtures 
corresponded to that of Type Ab 4 t dense asphaltic concrete, as stipulated 
in the specifications of the National Swedish Road Board. The specimens were 
prepared in the moulds used for the Marshall compaction test. The bitumen 
content of the bituminous mixtures was 6.7 per cent. The voids fraction of 
the test specimens was varied from 2.5 to 15 per cent. The specimens were 
submitted to compressive tests in an Alwetron universal testing machine, in 
which the test specimens were compressed between two plates at different 
constant rates of loading. At a constant degree of compression, the compressive 
stress was allowed to decrease with the time until no further decrease was to 
be recorded. The final compressive stress was equal to zero in the tests on the 
specimens which consisted of bitumen alone, and ranged from 10 to 20 per 
cent of the maximum compressive stress in the tests on the bituminous mixtures. 
A ll measurements were made at a temperature of 25 ±  o .i°C .

These tests showed that the normalised inflection slope varied from 0.1 to 
0.16, and was on an average 0.13. No systematic variations with the test para
meters were to observed. The results of this investigation seem to indicate 
that the basic mechanism of stress relaxation both in bitumens and bituminous 
surfacing materials is similar in type to that in materials of an entirely different 
nature dealt with in the above-mentioned doctoral thesis.

Test Road Sections of Oiled Gravel Containing Road Oils Mixed with 
Solid Paraffinic Hydrocarbons

The test road sections which had been constructed in 1963 with a road oil 
mixed with paraffinic hydrocarbons that are solid at room temperature (see 
Institute Report No. 45 A, p. 1 1 )  have been kept under observation. It was 
noticed that the effect produced by traffic on the oiled gravel road decreased 
as the percentage of paraffinic hydrocarbons added to the oil became higher.

1 Josef Kubåt: A Similarity in the Stress Relaxation Behaviour of High Polymers and Metals. 
Doctoral thesis. Stockholm, 1965.



Since an admixture of paraffinic hydrocarbons not only causes an increase 
in the viscosity of a road oil at a low temperature, but also has favourable 
influence on the binding power of a road oil (see p. . is was considered 
to be important to continue tests of this type. Accordingly, a new test road 
section was built in connection with the above-mentioned road sections. The 
road oil used on this test road section contained a relatively high percentage 
of naphthenic hydrocarbons and a comparatively low percentage of paraffinic 
hydrocarbons. About 2 per cent of paraffinic hydrocarbons were added to the 
road oils.

A Method for Determining Solid Paraffinic Hydrocarbon Content 
in Road Oils

The presence of solid paraffinic hydrocarbons in road oils has important 
effects on their rheological properties and binding power. Even a relatively 
low percentage of solid paraffinic hydrocarbons contained in a binder causes 
a considerable increase in the temperature coefficient of viscosity at low temper
atures. The binding power is influenced in a varying degree depending on the 
chemical composition and the molecular structure of the paraffinic hydrocarbons 
as well as on the paraffinic hydrocarbon content of the binder.

The percentage of solid paraffinic hydrocarbons is an important factor 
in estimating the suitability of road oils for oiled gravel. Thus there was 
a need to determine the paraffinic hydrocarbon content in road oils. From 
a critical examination of those analytical procedures for determining the 
paraffinic hydrocarbon content of bituminous materials which have been de
scribed in the literature, it appeared that a method devised by R. Betts and
H. Wirsig would also be adapted for road oils.

This method is based on precipitation of asphaltenes with petroleum naphtha, 
treatment of the residual solution with aluminium chloride for removal of 
resins and resinous substances, evaporation of the solution, dissolving of the 
residue in secondary butyl acetate, and crystallisation of solid paraffinic hydro
carbons at a temperature of — 20°C  from the solution obtained in this way. 
After some minor modifications of the method in question, and after carrying 
out a number of control analyses, this method was considered to be applicable 
to the determination of the percentage of solid paraffinic hydrocarbons con
tained in road oils. In consideration of the complicated analytical procedure, 
and in view of the variations in the composition of road oils as regards the 
other constituents, the reproducibility of the results obtained by means of 
this method, which is ±  5 per cent, may be regarded as satisfactory and fully 
sufficient for routine investigations. By measuring the index of refraction of 
the paraffinic hydrocarbons isolated in this manner, it was demonstrated that 
the composition of the isolated solid paraffinic hydrocarbons is not influenced 
by the conditions of the analysis.

The method described in the above has been used for analysing a number of 
road oils of different origin which differed widely in paraffinic hydrocarbon



Table i. Solid Paraffinic hydrocarbons isolated from road oils

Road
oil
No.

Solid 
paraffinic 
hydrocarbon 
content, 
per cent

Melting
point
of solid
paraffinic
hydrocarbons,
° C

Refractive 
index 
of the 
paraffinic 
hydrocarbons,

n?]

1 4.1 56

OO-"t-

2 3.6 56

00-'4*
3 3-5 58 I.4408
4 2.2 62 1-4435
5 6.1 59 1.4423

1 Index of refraction measured at 90°C. and in daylight.

content. The melting point and the refractive index of the solid paraffinic hydro
carbons precipitated from these oils were determined in order to obtain some 
information of the nature of the solid paraffinic hydrocarbons which are present 
in road oils. Examples of values obtained from these determinations are given 
in Table i.

The solid paraffinic hydrocarbon content of the road oils subjected to 
this investigation ranged from 1.8 to 7.5 per cent. The values of the melting 
point and the refractive index of these paraffinic hydrocarbons were comprised 
within fairly narrow limits. This indicated that the chemical structure of the 
different paraffinic hydrocarbons was practically of the same type. The size 
of their molecules, which was calculated with the help of the refractive index, 
shows that these paraffinic hydrocarbons consisted of compounds with rela
tively short and slightly branched chains.

Investigation of Ratio of Asphaltene and Resin Contents of Road Oils

I f  the ratio of the asphaltene and resin contents of bituminous binders exceeds 
about 0.6, then the binders are exposed to the risk of passing into a two-phase 
state, with the result that their binding power will be greatly reduced. Examples 
of data obtained from an investigation which has been carried out at the Institute 
in order to determine the asphaltene and resin contents of road oils are given 
in Table 2.

Some of the road oils under test exhibited values of the ratio of the asphaltene 
and resin contents which were considerably higher than 0.6. The reduced bind
ing power of the road oils at high values of this ratio can be increased by the 
addition of peptisising agents, which include solid paraffinic hydrocarbons, 
among others. At an optimum paraffinic hydrocarbon content, the risk of floccu
lation of asphaltenes is decreased or completely obviated, with the result that 
the binding power remains unchanged.



Table 2. Asphaltene and resin contents of road oils

Road
oil
No.

Asphaltene 
content, 
per cent

Resin 
content, 
per cent

Ratio of 
asphaltene 
content to 
resin 
content

Solid 
paraffinic 
hydrocarbon 
content, 
per cent

1 5-2 22.0 0.24 4.1
2 7-4 17.6 0.42 3.6
3 6.4 25-9 0.25 3-5
4 8.4 11.6 0.72 1.8
5 5.8 24.4 0.24 6.1

Spectrophotometric Analysis of Road Oils by Means of Infra-Red Radiation 
(Infra-Red Spectrophotometry)

The structural constitution of road oils as well as their origin can be deter
mined rapidly and simply by means of infra-red spectrophotometry. This analysis 
is made on a io-per-cent solution of road oil in carbon disulphide, and the 
measurements are carried out at room temperature with a double-beam spectro
photometer in rock salt cuvettes.

In order to determine the origin of road oils, the measurements were also 
performed on the asphaltene and resin fractions. The results obtained from the 
spectrophotometric analyses which were made to determine the origin of some 
road oils are exemplified in Table 3.

According to Sachanen’s classification, the road oil No. 1 is of a pure 
paraffinic type, while the road oil No. 4 may be characterised as paraffinic- 
naphthenic.

Other Investigations

The Road Surfacings Department has taken samples of aggregate from 
a number of crusher plants at different times in order to estimate the variation 
in the percentage of fines contained in the products which were supplied by 
these plants, as well as the variations in the coefficient of brittleness and in 
the coefficient of flakiness. With a few exceptions, it was found that the 
percentage of fines was normal, just as the coefficient of brittleness and the 
coefficient of flakiness. It is remarkable that the aggregate which was produced 
by crushing in the winter-time exhibited a strikingly higher coefficient of flaki
ness than the aggregate which was crushed during other seasons. This may 
possibly be attributed to the fact that the crusher plants are operated at a lower 
capacity in the winter-time, but it is also conceivable that this is due to some



T a b le j. The content of aromatics .paraffinics .naphthenics 
and aromatic derivatives expressed in per cent of carbon 
atoms which are bound in the respective groups

Road oils

Road
oil
No.

Paraffinics Aromatics Aromatic
derivatives Naphthenics

i

4

ON
 

\i
 

^

3-9
22.6
19.8

12.1 
20.7

Asphaltenes

Road
oil
No.

Paraffinics Aromatics Aromatic
derivatives Naphthenics

i

4
6 5.4 
52.4

13.0
10.1

19.8
16.9

1.8
20.6

Resins

Road
oil
No.

Paraffinics Aromatics Aromatic
derivatives Naphthenics

i

4
70.9
58.6

2.0
2.4

27.1
12.8

0
26,2

effect of the low temperature of a different kind. Further investigations will be 
required in order to find answer to this question.

Rough surfacings characterised by a voids fraction that was as low as possible 
have been tested in the road machine of the Institute. Surfacings of this type 
are intended for use in future tests which shall deal with the friction between 
vehicles and carriageways during different seasons. The carriageway of the 
road machine was provided with a bituminous surfacing, which has a recess, 
about 4 cm in depth, in the area submitted to the action of the wheels of the 
road machine, in order that tests on oiled gravel and cut-back surfacing may 
be performed in this machine. Preparatory tests have already been carried out. 
A  series of similar tests has also been made at the request of the Finnish State 
Institute for Technical Research. The surfacings were compacted with a small- 
sized manual base-plate vibratory compactor. The possibility of using this



method of compaction was demonstrated by the tests on compaction by v i
bration and by rolling which had been carried out in the financial year 1963— 
1964.

Finally, just as in the past few years, the Department has made determi
nations of the strength of bond between aggregates and binders, as well as 
other small-scale investigations of road surfacing materials, for various clients.

Road Foundation Department

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

Methods of Design

On the basis of the results obtained from static loading tests, and, to a smaller 
extent, from test runs, which included small-scale laboratory tests as well as 
full-scale field tests, the Road Foundation Department has evolved a method 
of design of road pavements, which is founded on the theory of elasticity of 
multi-layered systems and which has been called “ the theory of equivalent thick
nesses55. This method had been presented in Bulletin No. 77 of the National 
Swedish Road Research Institute, “ Undersökning av elasticitetsegenskaperna 
hos olika jordarter samt teori för beräkning av beläggningar enligt elasticitets- 
teorin (Investigations of Elastic Properties of Soils and Theory of Pavement Design 
Based on Theory of Elasticity)55, by N. Odemark, in 1949, and has since been 
further developed. The equivalent method of road design is a simple approximate 
procedure which enables the stresses and deformations produced in multi
layered systems when they are subjected to a load that is uniformly distributed 
over a circular area to be calculated irrespective of the type of subgrade. In this 
method, the thickness of pavement is in part determined by the requirement 
that the radius of curvature of the surfacing, as well as the shear stresses in 
the subgrade and in the various courses constituting the pavement, shall not 
be allowed to be lower and higher, respectively, than certain definite values 
which are specified for different soils and road construction materials.

In order to ensure that a road pavement shall be designed in such a way as 
to possess an adequate bearing capacity, and to be economical at the same time, 
the stresses in the individual courses must be calculated for loads whith corre
spond to the design wheel load, Pd. When the volume of heavy vehicle traffic 
is great, that is to say, when the number of vehicle passages per unit time is 
assumed to be infinite for design purposes, the magnitude of the design wheel 
load is equal to the actual wheel load the heavy vehicles, but it decreases as 
the number of vehicle passages per unit time becomes smaller.

The Road Foundation Department has devised, and has applied for a com
paratively long time, a method of calculation which is based on the theory of 
fatigue, and which makes it possible to compute the magnitude of the design



wheel load so as to take into account the volume of heavy vehicle traffic. In 
the formula deduced at the Institute,

rt ~ "  +  -rn H- s y m

P  is the actual wheel load, n is the assumed total number of axle load appli
cations, i.e. vehicle passages, y m is a bearing capacity constant, s is road con
stant, and P d is the design wheel load.

On the basis of the relevant data available in the Department, e.g. the ex
periences relating to the transportation of very heavy loads, i.e. the cases 
where the sum of the vehicle weight and the pay load was greater than 300 
metric tons, a value of 3 was assigned to the road constant, s. This means that, 
if the design wheel load is, say, 5 metric tons, the road can also withstand 
an occasional passage of a vehicle having a wheel load of about 15 metric tons, 
without being damaged.

The bearing capacity constant, y m, must be determined by means of ex
tensive test runs. As the Institute has not been in a position to carry out test runs 
on a sufficiently large scale for this purpose, the equivalent of road design 
has ben applied for a long time by using assumed, though empirically and 
logically well-founded, values of y m.

Some of most important findings of the AASH O  Road Test have been stated 
in a complicated formula representing a mathematical model for the calcu
lation of the thickness index, D, which has been introduced as an expression for 
the bearing capacity of the road. It was assumed that this formula is valid for 
the following four test groups: flexible pavements and rigid pavements as 
well as semi-trailers provided with single axles or tandem axles (not including 
the front axle of the vehicle). The above-mentioned formula comprises four 
groups of constants, which represent these four test groups. The applicability 
of the formula deduced by the AASH O  for the design of road pavements is 
limited to the type of subgrade that is present in the test area. The results of 
the AASH O  Road Test are represented in four graphs, viz., two for flexible 
pavements and two for rigid pavements, which show the relation between the 
number of axle load applications, i.e. the number of vehicle passages, and the 
thickness index. In calculating these graphs, the respective values of the present 
serviceability index (PSI) substituted in the formula were 1.5 and 2.5. The value
1.5 was chosen by the AASHO  as an expression of the state of a flexible or 
rigid pavement then failure is considered to have taken place.

The test results presented by the AASH O  in Special Report No. 61 have 
been closely studied and analysed in some respects in the Road Foundation 
Department in the hope of obtaining a statistical basis for a further develop
ment of the design methods which had previously been devised at the Institute. 
In this connection, the AASHO  mathematical model was represented in a modi
fied and more concentrated form. Furthermore, after an analysis of the formulae 
given in the above-mentioned AASH O  report, a simple approximate formula
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Fig. i. Relation between the design 
wheel load, Pd, expressed in per 
cent of the actual wheel load, P, 
and the number of axle load appli
cations. The curves are based on the 
AASHO Road Test (dash-line curve) 
and on the theory of fatigue (full- 
line curve).
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was deduced. For axle loads exceeding 3 metric tons, this formula gives accept
ably accurate values of the thickness index, D. The formula in question is

D =  C  • A v • n7 — 2.5

The values to be substituted in the above formula are the axle load, A , that 
is specified for the road under consideration, the number of axle load appli
cations, n ,  as well as the values of the three constants, C, 99, and 7 ,  which are 
dependent on the type of the road vehicle in question and on the present 
serviceability index of the road. The values required for this purpose have been 
determined with the help of the graphs published in the AASHO  report and 
the four groups of constants referred to in the above. By analysing the data 
collected in the A A SH O  Road Test, the Road Foundation Department has 
plotted a series of graphs which represent the relation between the axle load 
and the thickness index for varying numbers of passages of single-axle and 
tandem-axle vehicles on roads which are provided with flexible or rigid pave
ments, and which are characterised by a present serviceability index of 1.5 or 2.5.

I f  the AASH O  method of approach is developed with the help of the approxi
mate formula which has been deduced in the Road Foundation Department, 
and is applied to the same combination of surfacing, base, and sub-base, that 
is to say, on the assumption that D  4- 2.5 is constant, in two alternative cases, 
where the wheel loads are Pd and P, and the numbers of axle load applications 
are nd and n, respectively, then we obtain

where v =  — is known in the different cases which are represented by the
Y

approximate formula and by the expressions deduced from this formula.



In contradistinction to the formula for Pd evolved in the Road Foundation 
Department, the formula based on statistical data for values that lie outside 
the range from to ioooo to i ooo ooo axle load applications, which was 
covered in the AASH O  Road Test, gives unreasonable values. By calculating 
the relation between y m and v, and by plotting this relation in graphs, 
the Road Foundation Department has found that, on an average for all 
AASH O  tests, a value of 55 000 for y m and a value of 4 for v are the respec
tive values which are valid for the Swedish and American formulae used 
for the calculation of the design wheel load. As is seen from Fig. 1, the 
results of such a calculation give two fatigue curves, viz., the Swedish curve 
and the AASFIO curve. When the number of axle load applications is very 
large, the Swedish curve gives a value of the design wheel load that is slightly 
lower than the asymptote of the fatigue curve, i.e. the actual wheel load. On 
the other hand, when the number of axle load applications exceeds the minimum 
value of this number which was used in the AASFIO tests, the AASFIO curve 
gives a value of the design wheel load that becomes progressively greater 
than the actual wheel load as the number of axle load applications increases.

Considerations on the mathematical treatment of the results obtained from 
the AASFIO Road Test will be published by the Institute.

Dynamic Testing Methods for Determination of Bearing Capacity

The Road Foundation Department has continued the development work 
that had been pursued for several years on a theory which deals with the 
behaviour of pavements during the transfer of the traffic load to the sub
grade, as well as on the theoretical treatment of the problem of using dynamic 
testing methods for the determination of the bearing capacity of roads and 
airfield runways by measuring the characteristics of vibration wawes which 
are produced in the road materials. The theoretical treatment and the studies 
of the literature had furnished adequate information on this problem, with 
the result that it was possible to choose appropriate equipment for generation 
and measurement of vibration waves. This equipment was purchased and 
trimmed in the course of the financial year 1964— 1965. At the present time, 
the equipment in question comprises only a slight electrodynamic vibrator for 
frequencies up to 5 000 cycles per second and a detector for measurements in 
the frequency range up to 1 000 cycles per second. The various units entering 
into this equipment are shown in Fig. 2.

The Department has started laboratory and field tests forming part of 
an investigation that has primarily been undertaken for the purpose of deter
mining the dynamic moduli of elasticity of various road construction materials 
and pavements by studying the velocity of wave propagation, which charac
terises the mechanical properties of a material. The results of such determi
nations can be used for value comparisons with the static moduli of elasticity, 
which are obtained from static load tests. This investigation includes, among 
other things, a study which deals with the mode of action of the above-
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Fig. 2. Equipment used at the Na
tional Swedish Road Research In
stitute for generation and measure
ment of vibration waves in an 
elastic medium, e.g. a road pave
ment.

mentioned equipment and with the effect of changes in various constituent 
elements of the methods of measurement. The object in view is to evolve a 
rapid non-destructive method for determining the bearing capacity of roads 
and runways.

Design and Construction of Pavements

At the request of authorities and private clients, the Road Foundation De
partment has submitted proposals for design and construction of pavements 
under varying subgrade conditions and for traffic loads of various types.



For instance, the Department was consulted by the Luossavaara Kiiruna- 
vaara AB, Malmberget, on the design and construction of haulage roads in 
mines. These roads, which will extend over some 15 km of drift, 8.5 m in width, 
are to carry trucks and loaders provided with rubber-tyred wheels, and will 
be subjected to a wheel load of 20 metric tons.

At the instance of the Royal Swedish Fortification Administration, the De
partment has drawn up a proposal for design and construction of runways and 
aprons in some military airfields.

The structural rationalisation which is in progress in Swedish forestry 
manifests itself, for example, in change-over to larger timber management 
areas, in accelerated replacement of timber floating by road transportation, and 
in increased mechanisation of timber harvesting and transporting operations. 
Accordingly, the forest road networks, as well as the public road systems, have 
to comply with requirements which are rapidly becoming more and more severe. 
In order to improve the competitiveness of forestry, it is therefore necessary 
that the forest road systems, which will have to handle increasingly heavy 
machine and transport units during comparatively short, intensive, but relatively 
infrequent timber harvesting periods, should be designed in such a way as to 
ensure that the sum of the road costs and vehicle costs shall be reduced to a 
minimum.

CH LO E Profilometer

Measurements with the CH LO E Profilometer, i.e. the measuring equipment 
used for determining the present seviceability index (PSI) of roads, see Institute 
Reports Nos. 43 A  and 45 A, have been made on several roads, e.g. at Märsta, 
on the base test road Brista, E 4 Road, County of Stockholm, and on Road 
No. 65, at Västerås, which is provided with a base consisting of macadam 
compacted and then grouted with cement mortar (CM). Tests have been 
carried out at two values of the distance between the wheel axles of the trailer 
units of the Profilometer, viz., the original value, 22.5 cm, and twice this 
value. Furthermore, the effects of certain modifications of the slope angle 
detector have been studied.

Load Tests on Roads

Investigations of the bearing capacity have been carried out by means of 
the static test vehicle of the Institute for loads up to 5 metric tons on public 
roads and streets, as well as on those test roads of the Institute which comprise 
stabilised bases or insulating courses made of bark.

In the i95oies, in connection with the WASHO Road Test, Idaho, U.S.A., 
A. C. Benkelman devised a method of measurement for rapid determination of 
the deflections of flexible pavements under the action of the loads due to road 
vehicles in motion. A  simple equipment, known as the Benkelman beam, was 
designed for these measurements. In the main, this equipment, see Fig. 3, com



prises an aluminium probe beam (i), 3 66 cm in length, which is pivoted at 
one-third of its length around an axle that is mounted in a wood reference 
beam. The reference beam (2) is made of maple, and is carried on three legs (3), 
which are adjustable in a vertical direction. The reference beam is equipped 
with a water level, a dial gauge (4), which attached to a bracket, a buzzer (5), 
which is operated by a storage battery, a lock, and handles for carrying the 
whole equipment. The function of the buzzer is to eliminate harmful friction 
in the dial gauge and in the bearings during the measurements. Before starting 
the measurements, the reference beam is levelled so as to be brought to a hori
zontal position, and the point of the dial gauge spindle is brought into contact 
with the top surface at the end of the shorter arm of the probe beam.

The original measuring procedure evolved by Benkelman, which is known 
as “ the W ASHO Benkelman Beam Procedure” , has subsequently been standard
ised under the name of “ the Normal Procedure” , and has also been modified, 
as in “ the Rebound Procedure” , in “ the CG RA  Benkelman Beam Procedure” 
(CGRA =  Canadian Good Roads Association), and in a procedure which 
has been devised in Denmark.

Irrespective of the measuring procedure which is employed in deflection 
measurements by means of the Benkelman beam, it is advantageous to use a 
large lorry equipped with dual tyres. For the calculation of the loaded area, 
it is required to know the type and the inflation pressure of the tyres as well as 
the wheel load. I f  the measurements are made in accordance with the Normal 
Procedure, then a length of 137 cm (4.5 ft) of the probe beam locked to the 
reference beam is inserted between the dual tyres of the test vehicle. After that, 
the probe arm of the beam is brought into the measuring position, the reference 
beam is levelled, and the probe beam is freed so that its tip rests on the surface 
of the pavement at the point of measurement. After the dial gauge has been 
adjusted, the buzzer has been turned on, and the initial reading of the dial 
gauge has been taken, the lorry moves slowly forwards at a creep speed. The 
maximum deflection is measured when the wheel axle passes over the point 
of measurement, i.e. the contact point of the probe arm. A dial gauge reading 
is taken again when the rear axle of the lorry has moved well past the contact 
point, and is at distance of at least 3 m from this point. Since the pivot of 
the probe beam is situated at that 1/3-point which is nearest to the dial gauge, 
the difference between the initial reading and the final reading of the dial 
gauge must be multiplied by 2 in order to obtain the deflection.

During the financial year under review, the Road Foundation Department 
has started a series of measurements with a view to a comparison between the 
plate bearing test method and the wheel loading test method in order to 
study the reliability and the reproducibility of the latter method when used 
for the determination of the bearing capacity. The above-mentioned measuring 
procedures using the Benkelman beam were among the methods employed in 
the wheel loading tests. Fig. 3 shows the relation between the values of the 
modulus of subgrade reaction, ke, obtained from plate bearing tests and wheel 
loading tests which were made on different road pavements. The area of the
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bearing plate was i 250 cm2, and the calculated total area of the surface of 
contact between the dual tyres and the pavement was about 1 240 cm2. The 
mean pressures on the respective loaded areas were 4.0 and 3.4 kg pr cm2. In 
Fig. 3, each of the clusters of plotted points which sometimes correspond to 
the same value of ke obtained from the plate bearing tests represents in several 
cases the results of the measurements made by means of the Benkelman beam 
in conformity with different procedures in repeated wheel loading tests at 
the same point of measurement.

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

In connection with the progressive growth of plants and systems for gener
ation, transmission, and distribution of electric power in Sweden, road transpor
tation has to handle a markedly increased number of exceptionally heavy loads 
on carriages which are specially designed and constructed for this purpose. The 
weights of the units to be transported tend to become increasingly greater.

For example, at the request of the Swedish State Power Board, the Road 
Foundation Department has undertaken a study of the measures which would 
have to be taken for strengthening the roads along two alternative routes from 
the railway to the Kolbotten Transformer Station, County of Stockholm, in order



to enable a transformer unit, i.e. the carriage and the transformer, which weighs 
about 350 metric tons to be transported by road. The heaviest load that has 
been carried in road transportation in Sweden up to the present time was 
about 305 metric tons. The above-mentioned transformer may possibly be 
transported by a newly-constructed carriage or by Type SA-200 trailer of the 
Swedish State Power Board. This trailer is equipped with two bogies, and each 
bogie is provided with 32 rubber-tyred wheels, which are distributed among 
4 axles. In the latter case, the wheel load will be about 5.5 metric tons when 
all wheels are bearing.

The Sydsvenska Kraftaktiebolaget (South Swedish Power Co., Ltd.) has 
applied to the Department for an investigation of the roads which should be 
used for transporting a transformer weighing 310  metric tons from the Mörrum 
Railway Station to a recently erected transformer station at Hemsjö, County 
of Blekinge. This transformer will be transported on Type SA-200 trailer of 
the Swedish State Power Board. The wheel load will be about 4.8 metric tons. 
During the financial year 1964— 1963, the Department has investigated the 
bearing capacity of the roads in question, and has submitted a report on their 
bearing capacity, as well as on the measures which should be taken for their 
strengthening, and which are dependent on the season when this transport 
is to be carried out.

Determination of Compaction Properties and Bearing Capacity 
Characteristics of Various Soils

In the financial year under review, the Road Foundation Department has 
continued the experimental investigation undertaken with a view to enabling 
the effects which are produced on the bearing capacity, i.e. the modulus 
of elasticity, of soils and road construction materials by their particle size 
distribution, weight per unit volume, and moisture content to be determined 
in the laboratory by means of compaction tests and static load tests made in 
the Institute apparatus for measuring the modulus of elasticity.

Along with this investigation, the Department has started tests which are 
performed by means of a prototype of a dynamic load test apparatus for 
repeated loading and unloading. In this hydraulic apparatus, the compacted 
samples can be subjected to loads up to a maximum of 100 kg on plates having 
an area of 20 cm2. The apparatus is provided with electronic equipment en
abling the process of loading to be programmed. This makes it possible to simu
late in some measure the loading processes produced by traffic on a road.

The Road Foundation Department has previously carried out tests for study
ing the degree of compaction (density) that a soil material can reach in a cylindri
cal mould, first, when the sample is submitted to impact compaction with a 
hammer, and secondly, when the sample is subjected to a load produced by a 
weight on a loading plate, and the cylindrical mould is vibrated on a vibratory 
table. In the financial year 1964— 1965, these tests have been supplemented 
with experiments in which the sample was compacted with vibratory tamper.



The purpose of these experiments is to evolve a laboratory test method which 
would permit a larger maximum particle size of the sample, and which would 
be less dependent on the working procedure employed by the operator, than 
the methods that are in use at the present time.

During the past financial year, the investigation dealing with the suitability 
of low-strength materials (which include, for instance, materials having a low 
unit weight) for road construction comprised primarily load tests which were 
made in a laboratory apparatus for repeated loading and unloading up to a 
maximum load of 5 metric tons. This apparatus was constructed in the course 
of the year. In addition to a study of the movements and the abrasion of the 
particles under the action of repeated loading and unloading, and to an exami
nation of the effects produced by abrasion on the vertical deformation, the 
particle size distribution, and the stability, this investigation also comprises the 
determination of the water sorption, water saturation, and capillary suction 
of the material, as well as its liability to frost damage.

At the request of authorities and private clients, the Department has made 
laboratory tests in order to investigate the suitability of various foils for road 
construction, with special reference to their bearing capacity and compaction 
characteristics. In the main, the suitability of these soils was estimated by means 
of visual examination, compaction tests, and determinations of the modulus 
of elasticity.

Soil Stabilisation with Bitumen, Cement, or Lime

On the base test roads at Brista on E 4 Road, County of Stockholm, and 
at Gualöv on Main Road No. 15, County of Kristianstad, levelling and measure
ment of roughness and transverse profile, earlier performed during the financial 
year 1963—64, were repeated. The roughness was measured with a Type M/47 
roughness tester, which had been designed and constructed at the Institute. The 
transverse profile was measured by means of a method, which had been evolved 
in the Department, and which consists in measuring the vertical distance be
tween road surface and a straightedge with a dial gauge at a large number 
of points in each cross section. The straightedge rests on fixed supports, which 
are levelled so as to form a reference plane. The readings taken by means of 
this method are accurate to within 0.01 mm. On Brista Base Test Road, the 
roughness was also measured with the CH LO E Profilometer. In the course of 
the year, Gualöv Base Test Road has been subjected to load tests before and 
after being provided with a new surfacing.

In the construction of the new Road No. 65, the City of Västerås Highway 
Authority has used a base which is made of macadam compacted and then 
groated with cement mortar (CM). This road has to handle heavy and 
dense traffic between the harbour and E 18 Road. The Department supervised 
the construction work of the base, and followed up the road during the 
setting period. The roughness of the base surface as well as that of the pavement 
surface were measured with a roughness tester. The roughness of the pavement



surface was also determined by means of the CH LO E Profilometer. The road 
was inspected after completion.

The laboratory investigation dealing with the suitability of unslaked lime 
from Kvarntorp, Sweden, for soil stabilisation has been continued during the 
financial year under review. This investigation, which also covered mixtures of 
unslaked lime with varying grades of shale ash, was made on light medium 
clay. The ability of lime to cause structural transformation at different lime 
contents of the soil mixture was studied, for instance, by determining the per
centage of particles smaller than 0.074 mm in size before as well as 1 day and 7 
days after the addition of lime to the soil mixture. The changes in the particle 
size distribution were determined by means of a washing procedure with had 
been devised at the Institute. Furthermore, the effects of lime on the com
paction characteristics and on the binding capacity of the material were studied 
by the aid of impact compaction tests and compression tests on specimens which 
had been stored for periods of varying length in a fog room. Moreover, this 
investigation comprised the determination of the reduction in the moisture con
tent due to thermal and chemical effects produced by the addition of lime.

On Road No. 64, County of Värmland, appropriate test road sections have 
been selected, and a basic proposal was drawn up for the design of these road 
sections with a view to investigating the effects which lime-stabilised courses 
placed immediately beneath the sub-base produce on the behaviour of a road 
during long periods of time, from its completion on. The purpose of these tests 
is not only study and to develop the construction procedures used in soil 
stabilisation with lime, but also to afford a basis for ascertaining whether lime 
stabilisation results in such bearing properties of the above-mentioned courses 
that they may be considered to be a part of sub-base from a design point of 
view. The proposal referred to in the above comprises 10 test road sections, 
40 m in length each. No soil stabilisation with lime is to be used on 5 of 
these road sections, which are to serve as reference sections. It has been sug
gested that the total thickness of road construction should be 80 (in accordance 
with the design table of the National Swedish Road Board), 65, or 50 cm. 
Furthermore, specifications have been prepared for the procedure to be em
ployed in the construction of the lime-stabilised courses beneath the sub-bases. 
Samples of materials have been taken from the surface layers of these courses 
for determining the unit weight of the subgrade soil at varying lime contents, 
and for making test specimens. Undisturbed material samples have been 
taken for the determination of the modulus of elasticity in the laboratory at 
the in-situ density and moisture content.

Investigations of Concrete and Concrete Pavements

In co-operation with the National Swedish Road Board, the Road Foun
dation Department has prepared a detailed proposal for the construction of 
test sections, 425 m in total length, which are provided with a continuously rein-



Fig. 4. Motorised core drilling machine of the National Swedish Road Research Institute. This 
machine is equipped with diamond grit crowns, and can be used for drilling cores, 5, 10, or 
15 cm in diameter, from rigid pavements and flexible pavements, as well as from soil layers 
stabilised with cement or bitumen.

forced concrete pavement, on E 26 Road, County of Kristianstad. This pave
ment has been equipped with crack-initiating inserts. These road sections have 
been inspected during construction, in August 1964, as well as in the spring 
of 1965.

Concrete pavements on public highways and in airfields have been subjected 
to visual examination.

Core Drilling

The motorised core drilling machine of the Institute, see Fig. 4, has been 
used to drill cores, 15 cm in diameter, which numbered 516 in all, viz., 488 
from bituminous surfacings, 24 from bases which were made of macadam com
pacted and then grouted with cement mortar (CM), and 4 from stabilised base 
courses.



Geological Department

Frost Research 

Frost Cracks

During the freezing period of 1 956— 1957, levelling has been carried out 
on the pavement surface of a road section between Ersn'ds and Broängen, which 
had been damaged by frost cracks. In the autumn of 1957, the same road 
section was examined by the Institute. The cracks in the pavement surface were 
measured and mapped in January 1958.

The pavement structure of this road section is built up of conventional plane- 
parallel courses, which consist in the main of gravelly and sandy materials 
belonging to Frost Susceptibility Class I .1

The subgrade comprises peat, moey sediment falling under FSC I to II, 
moey sediment in FSC III  to II, silt to clay in FSC III  to II, and an underlying 
layer of moraine FSC III  to II.

The greatest observed frost heave was on an average 13 cm, range of variation 
(29— 3) cm =  26 cm, on the road sections damaged by frost cracks, and 8 cm, 
range of variation (18—2) cm = 1 6  cm, on the road sections undamaged by 
frost cracks. These observations indicate that the probability of frost crack 
formation increases as the frost heave becomes greater, but the frost heave is 
not the sole criterion of the liability to frost cracking.

It seems that the change in camber is in a higher degree than the frost heave 
itself to be regarded as a reliable criterion of the liability to frost cracking 
or the risk of frost cracking. The observations stated in what follows concern 
the changes in camber which took place during the freezing period up to April 
1 st 1957. The formation of longitudinal frost cracks was observed at all cross 
sections where the change in camber was gretaer than, or equal to, 4 cm, and 
occurred at some cross sections where the change in camber was 2 to 3 cm, 
whereas no longitudinal frost cracks were formed in the areas where the change 
in camber was smaller than, or equal to, 1 cm.

The frequency of frost cracks on the Ersnäs-Broängen road section did not 
vary with the thickness of road construction in the range of pavement thickness 
of 90 +  20 cm (including the thickness of the surfacing).

On the road sections where the ground water table was high (not lower 
than 50 under the subgrade surface level), it was the type of subgrade, as 
characterised by the nature of soil materials and by the tickness of strata, 
that appeared to be the decisive factor in the development of frost cracks.

1 The classification used in Sweden for frost-susceptible soils comprises three Frost 
Suceptibility Classes as follows:

Frost Susceptibility Class I: Non-frost-susceptible soils.
Frost Susceptibility Class II : Moderately frost-susceptible soils.
Frost Susceptibility Class III: Highly frost-susceptible soils.
In this report, the abbreviations FSC I, FSC II, and FSC III are used to designate Frost 

Susceptibility Classes I, II, and III.



Heavy damage due to longitudinal frost cracks has been observed on the 
road section where the subgrade comprised, from the surface downwards 
FSC III  to II moey sediment and FSC III to II silt to clay, together 20 to 
100 cm in thickness underlain by FSC III  to II moraine.

No damage due to longitudinal frost cracks has occurred on the road sections 
where the subgrade above the underlying morainic soil comprised, from the 
surface downwards, FSC I to II moey sediment, FSC III  to II moeysediment, 
and FSC III  to II silt to clay, and where the total thickness of the pavement 
structure (not including the surfacing) and the FSC I to II moey sediment layer 
was greater than 150 to 160 cm. Nor was this damage to be observed on the road 
sections where the above-mentioned portion of the subgrade comprised, from 
the surface downwards, FSC I to II moey sediment and FSC III  to II silt 
to clay, and where the total thickness of the pavement structure (not including 
the surfacing) and the FSC I to II moey sediment layer was likewise greater 
than 150 to 160 cm.

Ojebyn 1957 Test Road was designed with a view to a study of longi
tudinal frost cracks in roads. It had been constructed in 1957, and has been 
kept under observation during the period from the autumn of 1957 to the 
spring of 1963.

Fig. 5 shows the constructional features of the pavement of this road, 
and illustrates its subgrade conditions.

The results obtained from the investigations concerning the formation of 
longitudinal frost cracks on this test road are summarised in what follows.

(1) During the freezing period of 1957— 1958, when the carriageway was 
snow-plowed to a width of 7 m only, frost cracks were observed on all test 
road sections, cf. Fig. 5. After a new surfacing had been constructed in the 
autumn of i960, no typical carriageway cracks were formed during the 
freezing period of i960— 1961, when the carriageway was snow-plowed to 
a width of 12 m. On the other hand, these cracks developed during the 
freezing periods of 1961 — 1962 and 1962— 1963, when the carriageway was 
likewise snow-plowed to a width of 12 m. In the course of the last-mentioned 
two freezing periods, frost cracks were formed on Test Road Sections Nos. 
5 and 8, cf. Fig. 5, which are provided with plano-convex sub-bases consisting 
of moraine, and in 1962— 1963, frost cracks were also observed on Test Road 
Section No. 6, which is equipped with a plane-parallel sub-base made of 
gravelly sand. In all these winters, a longitudinal crack developed near the 
edge of the carriageway on Test Road Section No. 9. However, the cause 
of this crack may primarily be supposed to lie in non-uniform subgrade con
ditions. It follows from these test results that an increase in the width of the 
snow-plowed portion of the carriageway from 7 m to 12 m counteracted the 
formation of cracks in the carriageway itself, but this was not the case when 
the pavement structure comprised a centrally situated plano-convex lenticular 
layer of FSC II moraine, which approximately corresponded to the structure 
of an old gravel road. Moreover, in spite of the fact that the carriageway was 
snow-plowed to a certain width, there seems to exist some risk of damage
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due to frost cracks in the carriageway when the road is provided with a plane- 
parallel sub-base consisting of gravelly sand.

(2) The tests on this road have shown that on moist ground, at a freezing 
index of about 1 000 degree-days, several road sections, which represented 
various types of pavement structures comprising plane-parallel as well as 
non-plane-parallel layers of silt-to-clay sediments, were liable to formation 
of frost cracks at the edge of the carriageway when the carriageway was 
snow-plowed to a width of up to 12 m.

(3) In the winter of 1958— 1959, when the carriageway was snow-plowed 
to a width of 12 m for the first time, frost cracks in the carriageway de
veloped to about the same extent, but not always in the same positions, as 
in the winter of 1957— 1958, when the snow-plowed width was only 7 m. 
Hence it follows that, when frost cracks once are formed they will tend 
to occur again during the subsequent freezing periods, even if the snow
plowed width is increased. A ll the same, the major part of the frost cracks 
in the carriageway did not form again after the road had been provided with 
a new surfacing in the autumn of i960.

(4) It may be noted that the types of pavement structures comprising peat 
or gravelly sand layers, which were use on Test Road Sections Nos. 1, 2, 9, 
and 10, seem to be least liable to frost crack formation so far as the cracks 
in the carriageway itself are concerned. In fact, the frost heave on roads 
provided with pavement structures of these types was most frequently found 
to be smaller at the centre than at the edges of the carriageway, and frost 
cracks do not readily form when the frost heave is distributed in this way.

Effects of Subgrade Conditions on Frost Cracks and 
Uneven Frost Heave

In Institute Report No. 45 A, p. 2 1, an account has been given of the 
investigations which had been carried out on the Varuträsk—Strömfors road. 
The analysis of the observations made in the course of these investigations has 
been continued, and has shown that the frost damage caused to a road can be 
closely bound up with the subgrade conditions. The subgrade of this road 
consists in the main of FSC II to III  (moderately to highly frost-susceptible) 
moraine, which is overlain by highly frost-susceptible sediments of the fine 
moey to light-medium-clayey type. Since the surface of the moraine is uneven, 
these sediments, which fill out the depressions in the morainic soil, are dis
tributed in pockets. Consequently, the highly frost-susceptible sediments in the 
subgrade of this road alternate abruptly with moraine, and are in some places 
interbedded with smaller quantities of more coarse-grained sediments. Fig. 6 
illustrates the effects produced by the subgrade conditions on the frost damage 
caused to roads.

Fig. 6 a shows an area of morainic soil with a laterally sloping ground 
surface and with highly frost-susceptible sediment strata thinning out upwards 
the slope. In the longitudinal direction of the road, the ground surface exhibits



Fig 6 a.

Fig 6 b.

Fig 6 c.

Fig. 6 a, 6 b and 6 c. Three sections of the Varuträsk—Strömfors road. Configuration of soil types 
in surface layers of the subgrade in the immediate neighbourhood of the road. Situation of frost 
cracks in the carriageway and areas of uneven frost heave. For legend, see Fig. 7.

some minor irregularities, which give rise to variations in the thickness of 
the sediment strata, and these variations can cause uneven frost heave and 
other damage. Between the cross sections Nos. 12/260 and 12/460, the left-hand 
portion of the carriageway has been markedly lifted on account of frost heave,



and longitudinal frost cracks have been formed there at the same time. This seems 
to be due to the highly frost-susceptible sediment strata which thin out in this 
area, and which, in conjunction with the better water-bearing capacity of the 
moraine, result in a greater frost heave than the thicker sediment strata under
neath the right-hand half of the road. The same phenomenon was to be observed 
in other portions of this road section. Uneven frost heave in the longitudinal 
direction, accompanied by frost bumps or waves and transverse cracks, is also 
met with in consequence of variations in subgrade conditions.

Fig. 6 b represents an area that is characterised by heavily hilly topography. 
The lay of the land in this area is primarily determined by the morainic soil 
with depressions filled out with bowl-shaped bodies of highly frost-susceptible 
sediments. As is seen from this map, the frost bumps and the associated frost 
cracks have developed approximately in conformity with the contour lines of the 
terrain.

A third portion of the same road in an area which is characterised by widely 
varying subgrade conditions is represented in Fig. 6 c. It shows that the con
figuration of the irregularities of frost heave and the frost cracks is closely 
in accordance with that of the frost-susceptible sediments which are locally 
encountered in this area. Between the cross sections Nos. 25/130 and 25/170, 
the road portion which has been raised by frost heave follows closely the 
contour lines of the terrain. The tongue of land projecting into this part of 
the road consists on the surface of highly frost-susceptible sediment, but its 
core is constituted by moraine.

A soil exploration has been carried out on the Morjärv-Räktfors road. In 
this connection, the various types of damage observed on this road have been 
surveyed and mapped. This made it possible to demonstrate the relation between 
the damaged road and the weak portions of the subgrade. In this area, the 
stratification of the subgrade comprises, from below, morainic soil, highly frost- 
susceptible sediments ranging from fine mo to light medium clay, which are 
locally muddy, and, at the top, a layer of peat. Fig. 7 illustrates the covariation 
in the type of subgrade soil and in the frequency of the recorded types of 
damage caused to the road.

Fig. 7 a shows the soil map of a band of slightly hilly morainic terrain, 
where the depressions are filled out with highly frost-susceptible sediments. In 
the are which is shown in the right-hand portion of Fig. 7 a, the subgrade sonsists 
of moraine only, and no damage has been observed on the road section which 
is situated in this area. The frequency of damaged road areas increases as the 
distribution of soils of different types becomes non-uniform because frost- 
susceptible sediments appear in the subgrade of the other portions of the road 
section under consideration. The occurrence of crack groups and surface 
irregularities due to frost heave may be supposed to be due to variations in 
the thickness of the frost-susceptible sediment layer.

Fig. 7 b represents a road section in area which is similar to that shown 
in Fig. 7 a, but the lateral slope of the terrain in the former area is greater, 
and the subgrade also comprises a non-frost-susceptible sediment, which
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Figs. 7 a and 7 b. Two sections of the Morjärv—Räktfors road. Configuration of soil types 
in the surface layers of the subgrade in the immediate neighbourhood of the road. Situation of 
frost cracks in the carriageway and areas of uneven frost heave.

ranges from sand to coarse mo. The most heavily damaged portions of the 
road are situated close to the tongues of morainic soil which project into 
sediment areas. These variations in subgrade conditions cause uneven frost 
heave as well as frost cracks. In the areas where the type of subgrade has 
been designated as sand to coarse mo, the frost damage caused to the road 
was less extensive, but nevertheless occurred in some places. This damage can 
be attributed to two circumstances. In the first place, the areas in question 
comprise pockets of soil which is somewhat more fine-grained than sand to 
coarse mo. These pockets are not indicated on the map in Fig. 7 b because 
they are too small. In the second place, the top soil layer in these areas varies 
in thickness in such a way that the underlying frost-susceptible clay is in some 
places so near the ground surface as to be exposed to frost penetration, with 
the result that the frost heave is relatively great.
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Investigations of Aggregates 

Strength

As the coefficient of brittleness of rock material is dependent on its coef
ficient of flakiness, it is advisable, in order to obtain comparable values of 
the coefficient of brittleness, that the aggregate impact test (falling weight test) 
shall be made on materials which belong to the same group based on the 
coefficient of flakiness, e.g. f  =  1.42, a value that is obtained by using a 
material fraction between the flake sorters sizes 5.6 mm and 8 mm. The coef
ficient of brittleness which corresponds to a reference coefficient of flakiness 
of 1.42 is termed “ brittleness value” . The effect produced by the variation 
in the largest dimension of the particles on the brittleness value has been 
systematically investigated on samples with a constant coefficient of flakiness. 
As a rule, the effect of this axial length on the brittleness value seems to be 
negligible.

Samples of natural gravel and limestone which have rounded particle shapes 
(when the limestone samples are prepared in a special abrasion drum) appear 
to give lower values of the coefficient of brittleness than the same materials 
in a crushed state. Owing to the rounded surfaces of the particles, the contact 
pressures are not so high as in materials which consist of sharp-edged particles. 
Accordingly, the coefficient of brittleness of a crushed gravel sample cannot 
be compared directly with that of rounded esker gravel. Closer investigations 
are required in order to find out what procedure should be used in such cases.

A test on an inhomogeneous gravel sample gives a mean value of the strength 
of the rock materials which enter into this sample. However, if the fractions 
are subjected to a petrographic examination after the aggregate impact test, 
then it is possible to form an approximate estimate of the relative strengths 
of the rock materials which constitute the gravel mixture. Fig. 8 shows the



results of a calculation which relates to a gravel from Hulje, County of Öster
götland (SV 8922). As is seen from this graph, greenstone had the highest 
strength, whereas the black shale had the lowest strength.

Other variables which have been studied in this connection were the number 
of blows in the aggregate impact test, the volume of sample, the height of fall, 
and the degree of compaction of the sample in the cylindrical mould. The 
coefficient of brittleness seems to be little dependent on small differences in 
the height of fall and in the volume of sample. Furthermore, comparisons have 
been made between the impact strengths of some rock materials in the dry and 
moist states. These comparisons did not demonstrate any notable differences in 
this respect between the types of rock materials which are normally used in 
road construction. On the other hand, an argilaceous limestone (SV 75008) 
in a moist staate was crushed to a much higher degree, to that the sample was 
transformed into a plastic, cohesive mass. The sensitivity to water has also been 
observed on shales and argilaceous limestones which were tested by means of 
the equipment for wear tests in dry or moist state, see Institute Report No. 
43 A, p. 27.

Moreover, tests have been made in order to investigate the effect produced 
on the particle shape by preliminary crushing of the sample in a laboratory 
crusher, as well as the influence of the width of the gap in the throat of the 
crusher on the particle shape and on the particle size distribution. In the jaw 
crusher, that fraction which was obtained in an optimum quantity, as well as 
the next coarser fraction, were found to have the least flaky particle shape, 
whereas the particles in the more fine-grained fractions became progressively 
more flaky and more elongated. Some individual, comparatively large particles 
were extremely flaky. In the cone crusher, the best particle shape was obtained in 
the nearest fraction below the optimum fraction.

As it is known that certain rocks exhibit different strengths under the action 
of dynamic and static loads, compression tests have been started for the purpose 
of studying this question. The cylindrical mould, the falling weight, and the 
volume of sample used in these tests were the same as those which were em
ployed in the aggregate impact tests. The samples were taken by means of a 
flake sorter so as to obtain a material whose coefficient of flakiness was 1.42. 
Fig. 9 shows the percentage of crushed material, which was calculated by 
analogy with the coefficient of brittleness, as a function of the static compressive 
load. The values of the load which are required in order to produce the same 
percentage of crushed material as in the aggregate impact test (i.e. the same per
centage by weight passing a 8-mm sieve) are marked by dots in Fig. 9. I f  the 
rocks under test are compared with each other, then it is found that the impact 
strength of quartzite is lower than its compressive strength, whereas the con
verse is true of marble. The bends of the curves relating to quartzite and 
Stockholm granite may be supposed to mark the “ edge strength” . When the 
sharp edges have been broken off, whole particles begin to be disintegrated, 
with the result that the shape of the curve becomes more closely linear. In ac
cordance with these test results, the fine-grained mylonitized quartzite may



Compressive load, metric tons

Fig. 9. Relation between the percentage of crushed material and the compressive load for 
various rock materials.

be expected to have a considerably higher edge strength than the Stockholm 
granite, which is built up of more coarse-grained and more easily cleavable 
minerals. The coarse-grained, soft dolomitic marble does not tend to form 
sharp edges, and those edges which are present will easily be broken off under 
low pressures. After the load had been increased to 10 metric tons, the marble 
under test was compacted into a dense, stable mass, which was not crushed 
any longer.

Table 4

Material under test, 
SV number, 
type of rock

Static load required for producing

the same percentage of 35 per cent of
crushed material as in crushed material,
the determination of the metric tons
brittleness value, 
metric tons

75670, quartzite............................................. 11.2  10.9
72850, Stockholm granite .......................  9.4 8.0
77805, marble ...............................................  8.5 4.6
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Fig. io. Relation between the void ratio and the coefficient of flakiness determined on samples
in a loose state and in a compacted state. Quartizite, SV 75670, from Bingsta, County of Jämtland.
The determinations were made on the following samples:

#  Sample having a uniform coefficient of flakiness
A  Sample obtained by mixing equal volumes of materials whose respective coefficients of 

flakiness were 1.0 and 2.0
O  Sample obtained by mixing equal volumes of materials whose respective coefficients of 

flakiness were 1.2 and 2.0
■  Sample obtained by mixing equal volumes of materials whose respektive coefficients of 

flakiness were 1.0 and 1.42

Furthermore, the graph shown in Fig. 9 can afford data on the static load 
which is required for producing the same percentage of crushed material as 
in the determination of the brittleness value, and on the static load which is 
required for producing a certain definite percentage of crushed material, e.g. 
35 per cent, see Table 4.

Particle Shape

The particle shape determines the compactibility, the unit weight, the void 
ratio, and some other properties of rock materials. Compaction tests have been 
made on quartzite (SV 75670). The fraction used in these tests ranged from 8 to 
11 .3  mm in size. The ratio of the axis of the particles was systematically varied 
by means of flake sorters, and the longest dimension of the particles was con
trolled by manual picking out of elongated particles. Each sample was com
pacted in three layers by light blows with an iron rod in a steel cylinder having a 
volume of 1 380 cm.3 These tests showed that the void ratio is not a linear 
function of the coefficient of flakiness at a constant length of the particles,



but is also dependent on other variables, such as the geometrical shape of the 
particles. “ Cubical” particles are mostly wedge-shaped, while flaky particles 
are leaf-shaped. Wedge-shaped particles are not formed in the latter case 
because extremely sharp edges are unstable. Moreover, the surface texture may 
also be supposed to have a greater effect on the compactibility of flake materials 
since their total surface is larger. As may be seen from Fig. 10, if samples! 
having a coefficient of flakiness of i.o are mixed with equal volumes of 
material whose coefficient of flakiness is 1.42, then the degree of compaction 
is slightly higher than that which is obtained in the compaction of “ cubical” 
particles alone. However, a sample whose coefficient of flakiness is 1.42 occupies 
a smaller volume than a sample which has the same coefficient of flakiness, 
but is obtained by mixing materials whose respective coefficients of flakiness 
are 1.0 and 2.0.

Attempts have been made to measure the compactibility by determining the 
values of the void ratio after o, 25, 50, and 100 blows with the iron rod on 
each layer. Fig. 1 1  shows the results of the tests on quartzite samples which 
differed in the ratio of the longitudinal and transverse axes of the particles. 
Two characteristic slopes of the curves can be distinguished in this graph. The 
curves relating to elongated particles exhibit steeper slopes than those which 
represent less elongated particles. The effect of the coefficient of flakiness 
manifests itself in the value of the void ratio. Thus, the compaction of the 
materials which consisted of flaky particles resulted in the highest value of the 
void ratio (45 per cent). It may be inferred from this graph that elongated parti
cles are more mobile than flaky particles during compaction by means of 
the method used in the above-mentioned tests, but these particles require a 
high energy input to produce a maximum degree of compaction. Flaky particles 
are extremely difficult to compact, and tend to be oriented in such a way 
that their flat surfaces are at right angles to the direction of compaction. 
“ Cubical”  particles are easiest to compact. All the same, in spite of the great 
dissimilarities in particle shape, the differences between the values of the void 
ratio in a compacted state amount only to a few units. It was found that the 
degree of roundness had a greater effect on the compactibility than the particle 
shape, and the difference in the void ratio between samples consisting of 
sharp-edged and well-rounded particles, respectively, was in some cases as 
high as 10 per cent.

Mechanical Department

Frost Indicators

The evaluation of the observations made in the tests which had previously 
been performed on a frost indicator used to give warning of slipperiness in 
local road areas (see Institute Reports No. 43 A, p. 32, and No. 45 A, p. 24) 
has been completed. As has already been mentioned in the reports referred to 
In the above, this frost indicator signalises slipperiness when either the temper-
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ature of the air or the temperature of the ground is lower than o°C, and when 
the relative humidity of the air is at the same time higher than 95 per cent. In 
order to find out whether the pavement surfaces under test were actually slippery 
or not, an automatic friction meter designed and constructed at the Institute was 
employed for making control tests, in which the friction on the surface of 
the pavement was measured at intervals of 5 minutes each during the whole 
testing period. Moreover, the temperature and the relative humidity of the 
air were recorded by means of a thermohygrograph.

These tests showed that the frost indicator in question did not function in a 
satisfactory way. In the first place, this indicator signalised slipperiness on 
many occasions when the pavement surface was not actually slippery. In the 
second place, in the cases where the pavement surface was slippery, the warning 
of slipperiness was as a rule given much too late after the beginning of the 
slippery condition, or was not given at all. This is due to the fact that the 
frost indicator under test operates on a principle that does not correspond 
to the meteorological conditions which lead to the formation of ice on pave
ment surfaces.

Friction Investigations on Road Pavements under Summer Conditions

Comparative Friction Measurements Made with Skiddometers 
of Different Types
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The correlation measurements which had been started in order to compare 
the Skiddometers of different types used at the Institute have been continued 
in September and October 1964 on two Type BV 8 Skiddometers, see de
scriptions and illustrations in Institute Reports Nos. 41 A, 43 A, and 45 A, as 
well as in December 1964 on two Type BV 9 Skiddometers, see descriptions and 
illustrations in Institute Reports Nos. 43 A and 45 A. In both these cases, the 
measurements were made on a sprinkled bituminous pavement, which had a 
binder content of 6.4 to 7 per cent.

In the measurements performed with the two Type BV 8 Skiddometers, use 
was made of ASTM  tyres— size 7.50— 14 rib patterned tyres which are ex
clusively employed for friction measurements— at speeds of 30, 6o, 90, and 120 
km per h, and at slips of 13 per cent as well as 100 per cent, i.e. in the locked 
wheel condition. The reproducibility of the results obtained from these measure
ments was very good. However, one of these two Skiddometers gave slightly 
higher friction values than the other, see Fig. 12. This may be due to the 
fact that these vehicles were not completely identical in respect of the elastic 
and damping characteristics of the test wheel suspension. Differences in this 
respect are not detected during calibration, because calibration is carried out 
statically, for the sake of simplicity, whereas friction measurements obviously 
relate to a dynamic process. Investigations with a view to solving these 
problems are in progress at the Institute.

Since the measurements made with the Type BV 9 Skiddometers should at
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Table 3 . Coefficients of friction observed at a slip of 36 per cent in measure
ments made with two Type BV  9 Skiddometers

T y r e  N 0. 139 T y r e  N 0. 140

Stage BV 9001 BV 9002 BV 9001 BV 9002

Left Right Left Right Left Right Left Right

I °-9 3 0.98 0.97 1.00 0.95 0.94 0.99 0.96
0.93 0.96 0.98 0.99 0.93 0.95 0.98 0.95

II 0.97 0.98 1.01 0.97 0.95 0.97 0.99 0.96
0.95 0.99 1.01 0.97 0.95 0.98 0.99 0.94

III 0.95 0.96 1.04 0.98 0.94 0.93 0.93 0.97
0.95 0.94 0.99 0.97 0.93 0.97 0.97 0.96

Mean value 0.95 °  .97 1.00 0.98 0.94 0.96 0 vb 00 0.96
±  mean error ±  0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.01 ±0.0 1 ±0.01

Standard deviation ±0.02 ±0.02 ±0.03 ±  O.OI ±0.01 ±0.02 — 0.02 ±  0.01

the same time serve as final tests before delivering one of these test vehicles 
to the Continental Gummi-Werke AG, Hannover, Federal Republic of Ger
many, use was made of two commercial passenger car tyres, Continental 
Record, size 7.00— 14. The inflation pressure was 1.2 atm gauge, and the load 
on the test wheel was about 300 kg. For lack of time, all measurements were 
made at a single speed, 60 km per h, and at a single slip, 3 6 per cent. This 
investigation was carried out in three stages, I, II, and III. Its results were 
classified according to the two tyres, which are designated here by the numbers 
139 and 140, so that the respective results were reported separately for each 
stage of the investigation. These results are shown in Table 5.

As is seen from Table 5, the two tyres under test were found to be practi
cally equivalent in respect of friction. The difference in the coefficient of 
friction between these two tyres was 0.01 on an average for the total number 
of tests, i.e. for both vehicles. The average difference between the right-hand 
and left-hand tyres was 0.02 for BV 9001 and —0.02 for BV 9002. The 
average difference between the two Skiddometers was 0.03 for one tyre and
0.02 for the other. Both these test vehicles proved to give well-reproducible 
results. The causes of the slight differences between the right-hand and left- 
hand tyres on each individual vehicle, as well as between the two vehicles, 
were probably the same as those which have been mentioned above, in con
nection with the measurements made by means of the Type BV 8 Skiddo
meters.



Driving and Braking Characteristics of Private Cars with Caravan Trailers

The investigation of private cars with caravan trailers, see Institute Report 
No. 45 A, p. 29, which comprised studies dealing with the braking ability, the 
steering stability during braking, and the dynamic driving characteristics of 
these vehicle combinations, has been pursued continuously in the financial year 
1964— 1965. Field tests on private cars with caravan trailers were prepared 
in the summer of 1964. These tests were carried out in the autumn of 1964. 
They included braking tests, which were made with different brake equip
ments, tests for determining the dynamic stability under the action of short- 
time disturbances as a function of the running speed, and manoeuvre tests, 
which comprised overtaking and passing, moving from one lane to another, 
and zigzagging between the lanes. In order to provide reference for comparison, 
the braking tests were performed with and without caravan trailers coupled 
to private cars. The braking tests were made on wet bituminous pavements, 
and the variables recorded in these tests were as follows: distance, time, speed, oil 
line pressure in the hydraulic brake system, control force and control circuit cur
rent for the brakes of the caravan trailer, and deceleration. Moreover, the passage 
through two cross sections of the carriageway shortly before the beginnning 
of braking was recorded with the help of a radio link. Furthermore, the braking 
distance was also measured by means of a signal pistol, which was triggered 
off by the aid of the brake lamp contact. Thus, it was possible to calculate 
the braking distance by means of several independent methods, and this afforded 
good possibilities of control and comparison. In the stability tests and in the 
manoeuvre tests, the lateral and angular accelerations were also recorded, as 
well as the angle between the vehicles. The towing vehicle used in the 
major part of the tests was the Type DF 1 dynamic test vehicle of the 
Institute, while the towing vehicle employed in the other tests was a Volvo 
Type 12 1 private car. In the latter tests, the observed values were transmitted 
to the Type DF 1 test vehicle by means of a lightweight trailing cable.

The evaluation of the test results, as well as the theoretical analyses con
cerning the braking ability and the dynamic stability of the vehicle com
binations under test, were carried out in the winter of 1964 and in the spring 
of 1965. In order to cope with the requisite number of calculations, they were 
made with the help of an IBM Type 7044 electronic data processing machine. 
The programme for this purpose was prepared by staff members of the Institute. 
The development of more exact mathematical vehicle models is in progress.

Design and Construction of Equipment 

Averaging Friction Measurement System

In Institute Report No. 45 A, p. 26, mention has been made of friction 
measurements on long road sections. As such measurements furnish quantities of 
data which are large, and in certain cases difficult to handle, the Type BV 8 
Skiddometer has been supplemented with a data recording equipment, which—



Fig. 13. Equipment for recording mean values of the coefficient of friction.

along with the instantaneous values of the coefficient of friction recorded on the 
regular paper strip chart—prints on a separate paper strip the mean value of the 
coefficient of friction over a section of measurement whose length can be 
varied within the limits from 100 to 1 000 m. In addition to this mean value, 
the month, the day, and the time of day are also printed on this paper strip. 
Fig. 13 shows this new data recording equipment, and Fig. 14 reproduces a 
portion of a paper strip chart for recording the coefficient of friction, together 
with the associated printed strip.

The supplementary equipment consists of the components shown in Fig. 15.
The self-balancing potentiometer grapher which forms part of the measuring 

equipment of this friction test vehicle has been supplemented with a second 
potentiometer, called “ slave potentiometer” , which transmits the instantaneous 
values of the coefficient of friction from the grapher to an integrator unit. 
The slave potentiometer is fed with a D.C. voltage, which is proportional to 
the speed of the friction test vehicle, from a tachometer generator which is 
mounted on the left-hand outer wheel of the test vehicle. The output voltage, e, 
of the slave potentiometer is proportional to the product of the coefficient of 
friction and the speed of the friction test vehicle.

The integrator unit converts the voltage e into a number of pulses, n, in ac
cordance with the equation

edt ~  j  k • fA • • dt =  k j  ju ds



Fig. 14. Portion of a paper strip chart showing the instantaneous values of the coefficient of 
friction recorded by a Type BV 8 Skiddometer, together with the associated data printed by 
the averaging friction measurement system.
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Fig. 15. Block diagram of the averaging friction measurement system.



These pulses are fed to a printing pulse counter, which is controlled by a 
programmer unit. Information on the road distance travelled is supplied through 
a contact device fitted on one of the outer wheels of the Skiddometer to the 
programmer unit, which determines when the integration shall be discontinued, 
and the pulse counter shall be reset.

Every time a mean value of the coefficient of friction is printed, the month, 
the day, and the time of day are also printed automatically by means of a 
parallel printing counter, which receives one pulse per minute from a time 
switch, which has a 4-day clock winding reserve.

The programmer unit can be programmed for 6 different distances of inte
gration, viz., 100, 200, 400, 600, 800, and 1 000 m. I f  the value of the coef
ficient of friction is represented by the figures ranging from o to 100, then 
the accuracy in the calculation of the mean value is +  1 unit.

The equipment described in the above is of great interest in friction measure
ments on airfield runways. In fact, this equipment enables accurate mean values 
of the coefficient of friction to be reported immediately—without any manual 
evaluation of the paper strip chart— for, say, each third of the length of the 
runway. The programmer unit must of course be adjusted so as to be adapted to 
runways which differ in length. I f  a runway is, say, 2 000 m in length, then 
3 mean values over sections 600 m in length each can be obtained, and if a 
runway is 3 300 m in length, then the equipment can give 3 mean values over 
sections 1 000 m in length each.

Equipment for Measuring Speeds, Time Spacings, and Lateral Position 
of Vehicles

An electronic road-based equipment for speed measurements has been de
signed and constructed in the Mechanical Department in connection with studies of 
simple methods which can be used to convert measured values into a digital 
form—so as to make them suited for electronic data processing— as well as 
to classify measured values for statistical analyses. The principles of this equip
ment had been evolved as early as in 1961, but its practical construction has 
not been possible for lack of time until the financial year 1964— 1965.

One of the basic principles which governed the design of the equipment 
in question was that commercial components or build-up blocks should be used 
to the greatest possible extent. This principle was adopted in order to guarantee 
ready availability of spare parts, and to ensure rapid and simple maintenance 
service. The electronic part of the equipment is built on printed circuits, and 
consists of Philips complete digital blocks. The associated paper tape punch 
is of a conventional type which is employed to an ever increasing extent in 
automatic office equipment.

The equipment described in this sub-section uses a binary 5-hole code for 
the speed range from 15 to 155 km per h, which is divided into 28 classes, 5 km 
per h in width each.
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Fig. 1 6. Block diagram of the electronic speed-measuring system.

With reference to the block diagram in Fig. 1 6, the mode of action of this 
equipment is explained in what follows.

When a vehicle detector VD i is initiated a pulse is emitted to an electronic 
flip-flop FF i, which operates to transmit a reset pulse to the counters i and 2. 
At the same time, a gate opens so that the pulses emitted from an accurate 
oscillator may pass to the counter 1. The passage of a vehicle over the vehicle 
detector VD 2 gives rise to a pulse which returns FF 1 to its initial position, 
with the result that the gate closes and the counting of the oscillator pulses 
is discontinued. I f  this second pulse is not emitted for some reason or other, 
then the counter 1 emits a reset pulse to FF 1 after about 1 sec. Thus, this 
counter makes itself automatically ready for the next vehicle. The counter 1 
is followed by a decoder matrix, which scans the counting at the instants that 
correspond to the class width, i.e. 5 km per h, and then emits a pulse to 
the counter 2. This counter 2 contains five flip-flops, and represents the 
binary read-out device of the speed-measuring equipment. Each flip-flop 
controls a punch magnet in the paper tape punch. The initial position of the counter 
2 corresponds to 15 5 km per h, and each pulse received from the decoder matrix 
diminishes the setting of the counter by one step, i.e. 5 km per h. After 28 
pulses, the setting of the counter corresponds to 15 km per h. When FF 1 is 
reset, it emits a punching order to the paper tape punch. The punching code 
is an ordinary binary code, 1, 2, 4, 8, and 16, which gives the speed, in km per h, 
if it is multiplied by a factor of 5.



Fig. 1 7. Block diagram of the blocking circuit 
which forms part of the electronic speed- 
measuring equipment.

A speed-dependent blocking circuit produces a time delay which is inversely 
proportional to the speed, and which is used to prevent the speed-measuring 
equipment from being acted upon by more than one axle of the vehicle during the 
measurements. In other words, the blocking distance may be considered to be 
approximately constant. The function of the blocking circuit is explained in the 
block diagram in Fig. 17. When the flip-flop FF 1 operates, its output voltage 
Qi becomes negative, and charges a capacitor through an emitter follower stage. 
When FF 1 is reset its output voltage Qi becomes nearly equal to zero, that is 
to say, the charging of the capacitor is discontinued. The output voltage Q2 
alternates from zero to a negative value, and opens a gate, so that the voltage 
across the capacitor is applied to the input W2 of FF 1, and blocks it in the 
zero position. Consequently, FF 1 cannot respond to the pulses emitted from the 
vehicle detectors VD 1 and VD 2 until the capacitor has been discharged, so 
that its voltage has decreased to a certain definite value.

The accuracy of the speed-measuring equipment is dependent on the precision 
of the oscillator. Therefore, a tuning fork resonator, which has a frequency 
accuracy of ±  5 ‘ io~~6 cycles per second and a temperature stability of ±  5 * io ~ 6 
cycles per second per °C, has been selected for this purpose.

A special numerical display panel has been designed to supplement the 
read-out device. The output of the counter 2 is decoded on this panel so as 
to be converted into a decimal form. The speed can be read on the display 
panel in distinct Arabic numerals, which remain visible until the passage of 
the next vehicle.

In order to record the headways, i.e. the time spacings, between successive 
vehicles, the speed-measuring equipment described in the above can be used 
in combination with the equipment shown in the block diagram in Fig. 18. 
At the same time as a punching order is given, the counter 3 is reset and started. 
When the counter 1 is reset, the counter 3 ceases counting, and a headway punching 
order is given to the paper punch. In other words, the time spacing between the 
vehicle whose speed is to be measured and the immediately preceding vehicle is 
punched before the speed of the first-mentioned vehicle. For example, the time 
spacing can be recorded in the interval from o to 30 sec, the resolution being 1 sec. 
In the cases where the time spacing is greater than 30 sec, the flip-flop FF 3 will 
close the gate for the counter 3.



T im e  c lo c k  
p u ls e  1 sec

R e s e tt in g

S to p
FI ip - f lo p  
FF 2

n
C o u n te r  3 
5  f l ip - f lo p s

T a p e  p u n c h

P u n c h in g  o rd e r

FI ip - f lo p
F F 3

Fig. 1 8. Block diagram of the auxiliary 
equipment used in conjunction with the 
electronic speed-measuring equipment. 
The first-mentioned equipment is em
ployed to record the time spacings 
between successive vehicles moving in 
platoons.

This equipment has been further developed and simplified, see the block 
diagram in Fig. 19. The equipment shown in this diagram comprises 3 vehicle 
detectors, which are placed on the carriageway in a 2-shaped configuration. 
These detectors are used to measure the times at which a vehicle passes over 
the detectors 1 and 2 as well as 1 and 3. These times can be employed, for 
instance, to deduce the following relations:

Lateral position of the vehicle I =  b —---— m
F h  — h

Speed of the vehicle v  — a — ----- m per sec
h  — h

Furthermore, this equipment can be provided with a register for measuring 
the time spacing between successive vehicles. The calculations of the lateral 
position, the speed, the time spacing, etc., should preferably be carried out 
by means of an electronic data processing machine.

The equipment in question is built up of three identical register units, which 
comprise three decade counters each. In contradistinction to the speed-measur
ing equipment described in the above, this equipment does not involve any 
decoding function in decimal form. The three register units represent the 
binary read-out elements, and control in this form the magnets of a paper 
tape punch. The first register unit indicates the lateral position, the second 
gives the speed, and the third shows the time spacing between successive vehi
cles. The first-mentioned two register units are fed from an accurate oscillator 
of the same type as that which has been described in the above. It operates 
at a frequency of 1 000 cycles per second, and has a resolution of 1 milli
second. The third register unit is fed from the same oscillator through two
decade counters, which give a resolution of 0.1 sec. The maximum measurable
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Fig. 19. Block diagram of the electronic equipment for measuring the speeds of vehicles, the 
time spacings between successive vehicles moving in platoons, and the lateral positions of 
vehicles.

time spacing has been limited to 100 sec. When the time spacing reaches this 
value, the gate 3 for this register unit is closed by the flip-flop FF 4.

The sequence of operations in this equipment is briefly described in what 
follows. (In this connection, the time spacing register unit is assumed to be 
running.) When the vehicle detector VD 1 is initiated by the passage of a 
vehicle, the counters 1 and 2 are reset and started. When the vehicle detector 
VD 2 is initiated, the counter 1 is stopped, and the lateral position is held 
ready in its register unit (memory). When the vehicle detector VD 3 is initiated, 
the counters 2 and 3 are stopped, and the speed and time spacing markings 
are held ready in their respective register units. Now the register units are 
scanned by means of a series read-out circuit, and the data obtained in this 
way are punched in a paper tape. When the punching is completed, a pulse 
is emitted, which resets the counter 3 and starts it. This counter continues 
to run until the next vehicle initiates the vehicle detector VD 3, but its maxi
mum running time is 100 sec.

In order to prevent the vehicle detectors from being initiated by all axles 
of a vehicle, it is necessary to provide blocking for each individual detector. 
This blocking can be either constant or variable with the speed. In the latter 
case, a blocking circuit of the type described in the above can be used, but 
with the difference that the blocking voltage is applied to the vehicle detector 
and not to the respective flip-flops of the register units.



Wheel Dynamometer

The Mechanical Department has started the design work on an instrument 
for measuring the longitudinal force and the lateral force as well as the 
aligning torque acting on a wheel which rolls on a drum in such a way that 
the axle of the wheel forms an angle with the axle of the drum. This angle 
shall be adjustable in two planes. In order to eliminate friction during the 
measurement of the forces, the axles of the instrument will be mounted in steel 
membranes, which are clamped at the circumference. A  prototype of this axle 
suspension has been constructed, and has given good results in tests.

Special Rims for Torque Measurements

In the Skiddometers which are used for friction measurements, the test 
wheel is fitted on a vehicle whose motion is but slightly influenced by the 
forces which are produced by braking. In order to make it possible to measure 
the propelling and braking forces which are met with in the operation of normal 
road vehicles, the Department has started the design work on special rims which 
will be used for the measurements of propelling and braking torques. In the first 
place, these rims will be fitted on the Type DF i dynamic test vehicle.

New Type BV 8 S Skiddometer

In Institute Report No. 45 A, mention has been made of a Type BV 8 S 
Skiddometer, which is used for friction measurements at a test wheel slip 
of 100 per cent (i.e. in the locked wheel condition). The test wheel is locked 
by means of a hydraulically operated disc brake. In order to avoid the use 
of hydraulic equipment, and to make possible a certain degree of standardi
sation, a new type of this friction test vehicle has been designed. The test 
wheel of this vehicle is locked with the help of electrically operated drum 
brakes, which are mounted on the axle. This new type of Skiddometer is a 
unit vehicle, which can be equipped for measurements at a slip below 100 per 
cent only, or for measurements at a slip either below or equal to 100 per cent, 
as desired. I f  required, this vehicle can also be provided with outer wheel 
brakes.

Traffic Department

,Change-Over to Right-Side Rule of the Road

The Institute is conducting certain researches in connection with the pro
spective adoption of the right-side rule of the road in Sweden. A  proposal 
for the programme of these researches has been drawn up. The purpose of 
the investigations included in this programme is to afford a basis for the 
measures which can be taken before or in conjunction with the change-over
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Fig. 20. Mirror arrangement used in combination 
with a motion picture camera for taking pictures 
of traffic situations from a moving test vehicle. 
This diagram shows the paths of the light rays 
which are reflected from the right-hand mirror only.

to the right-side rule of the road in order to reduce the risk of accidents after 
this rule has come into force. Therefore, the results of these investigations 
must be available so early that they can be taken into account in the planning 
which is carried out by the Swedish State Commission for Change-Over to 
Right-Side Rule of the Road.

Trajficability of Roads

The main object of the trafficability studies which have been started in the 
financial year 1963— 1964 is to shed light on the relations between the speeds 
of motor vehicles and the engineering design features of roads under various 
traffic conditions. The scope of these studies has since been broadened, and 
their purpose is now also to find out under what road conditions the drivers 
travel at high speeds to the detriment of traffic safety. The reason is that 
traffic safety must also be taken into account in comparing trafficabilities 
in different road and traffic environments. I f  two environments are equivalent 
in respect of road safety, then the trafficability is better in the environment 
where the speed of vehicles is higher. Such comparisons are made possible, 
for example, by collecting statistical data which show the effects produced 
on traffic accidents by road and traffic environments, see “ Traffic Accidents 
at Three-Way Junctions” , p. 59, as well as by making field studies which deal 
with the traffic manoeuvres performed by drivers, and with their mutual speed 
adaptation, etc. The studies of manoeuvres are of basic importance for correct 
interpretation of the combined results obtained from speed measurements and
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from accident statistics. In particular, these studies are carried out with a 
view to finding out under what conditions and in what ways overtaking and 
passing takes place. As the preparation of the road engineering standards by 
the National Swedish Road Board requires more extensive information which 
shows how a road is employed by its users under varying traffic flow con
ditions, the above-mentioned studies are considered to be of particular interest 
in connection with these standards.

A  special method has been evolved for the manoeuvre studies. They are 
carried out by means of a motion picture camera, which is used in combination 
with two mirrors at an angle to each other, see Fig. 20, and which is fitted 
on the roof of a test vehicle. This arrangement produces in each frame two 
pictures, which show the visibility conditions, the geometric configuration of 
the road, as well as the traffic situation behind, and the traffic stream ahead 
of, the test vehicle. The motion picture camera is connected to the speedometer of 
the vehicle in such a way that an exposure is made every 15 th metre. See the 
picture sequence in Fig. 21. In order to obtain more accurate information on 
the time spacings between successive vehicles in the traffic stream which 
moves in the direction of travel opposite to that of the test vehicle, a pen 
recorder is used for marking every passage of a vehicle in the opposite di
rection as well as the passage of the overtaking vehicles, see Fig. 22.

Tests have been made by means of the equipment described in the above on a 
section, 100 km in length, of E 4 Road in the summer of 1964.

The trafficability studies shall primarily lead to methods for sufficiently 
accurate theoretical calculations of the travel times of vehicles of various types 
on existing or planned road sections at varying traffic flows. It is assumed 
that a detailed description of the cross sections, the alignments, and the sur
facings of the road sections in question will be available for this purpose. These 
calculations shall be suited for investigating the consequences of planned road 
investments so as to assess their profitability, etc., and shall thus serve as a 
basis for priority grading of road projects.

For travel time calculations, it is required to make investigations of speeds 
on curves. Some fifty horizontal curves have been studied in this respect up 
to the present time. The results of these studies are exemplified in Fig. 23, 
which shows the variation in the average speed of private cars and light lorries 
with the radius of the curve. This graph does not take into account the differ
ences in sight distance, in superelevation, etc., which exist between the curves 
differing in radius. The effects of these factors are studied by means of a 
special statistical analysis. Furthermore, this graph also reproduces the results 
obtained from similar measurements which were made 12 years earlier. It is 
seen that the speed on curves has greatly increased during these years. The 
same trend towards an increase in speed has been observed on straight road 
sections, cf. Institute Report No. 43 A, p. 72. The measurements of speeds 
on curves are supplemented with the determination of accelerations and 
decelerations in order to make possible theoretical calculations of travel times. 
Special studies are carried out at three-way junctions, cf. p. 55.
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Fig. 23. Variation in the average speed on horisontal curves with the radius of curve on a 
two-lane road. Private cars and light lorries. Dry pavement surface. This graph represents 
the results of measurements made in 1952 and in 1964.

Results which can directly be utilised in trafficability studies have also 
been obtained from other investigations. The platoon studies which had been 
made in connection with an investigation concerning amendments of speed 
regulations for vehicle combinations showed that, when the traffic volume 
is moderate, the size of the vehicles is a highly important factor determining 
the length of the platoons which are formed behind them. This statement 
holds good irrespective of the speed, which does not appreciably influence the 
number of vehicles in a platoon.

This result is partly attributable to the fact that, as the speed of a vehicle 
increases, there will be less need for the other vehicles travelling at higher 
speeds to overtake and pass this vehicle. At the same time, overtaking and 
passing becomes more difficult and less urgent. Accordingly, the decrease in 
the need of overtaking and passing, as well as the increase in the length of 
the average distance through which the vehicles move in a platoon, are the 
reasons why the number of vehicles in a platoon is approximately independent 
of the speed of the first vehicle in the platoon. Of course, an increase in the 
speed of the first vehicle in a platoon reduces the loss of time caused to the 
other vehicles in the platoon, but, as has been demonstrated in the above, 
this does not involve any notable change in their number.

The methods of calculation which are being tested in the studies of traffic
ability include, furthermore, the use of an electronic data processing machine 
for simulating traffic on existing or planned road sections. The most im
portant advantage of this method may be considered to lie in the fact that it 
can be employed for experimental investigations of the effects produced on



trafficability by the geometric road characteristics under widely varying traffic 
flow conditions.

Speed Limits for Vehicle Combinations

Traffic studies have been made in order to determine the extent of use of 
private cars with caravan trailers, as well as their speeds, and their effects 
on conditions in platoons of traffic.

The data for these studies were collected in Ju ly  1964 at two points on 
a two-lane National Main Road. The measurements included the speed of 
each passing vehicle and its time spacing with reference to the next vehicle 
ahead. These data covered some 9 000 vehicles. A ll these vehicles were photo
graphically recorded in order to determine their types. Moreover, studies were 
made of the relevant statistical information relating to registering, sales, and 
imports.

Behaviour of Road Users at Signalised Intersections

An investigation dealing with the behaviour of road users at signalised inter
sections on roads which are subject to a speed limit of 70 km per h has 
been started in the financial year 1963— 1964. This investigation was 
made photographically at three intersections where the duration of the amber 
period was 3 seconds. These intersections are situated on two large approach 
roads which lead to the centre of Stockholm. Furthermore, similar records were 
also made at one of these intersections where the duration of the amber period 
was subsequently extended to 5 seconds, and where a 12-in. signal was 
installed.

Some of the results obtained from the evaluation of the films, which is not 
yet quite completed, are stated in what follows.

1. The number of vehicles which proceeded in spite of the red light was 
very great when the amber period was 3 seconds, whereas only few vehic
les proceeded against the red light when the amber period was 5 seconds.

2. The vehicles which were included in this study comprised the first vehicle 
in each traffic lane that stopped before the intersection when the lights turned 
red. A large number of these vehicles exceeded the limit of what is usually 
regarded as a comfortable deceleration.

3. The length of the amber period seemed to have little influence on the 
driver when he had to decide whether he should stop or not as he noticed 
that the lights had turned from green to amber and green.

Behaviour of Road Users at Three-Way Junctions

A  special method of observation has been evolved for an investigation which 
deals with the behaviour of road users at three-way junctions. Photographic 
records are made when there are several vehicle^ within a predetermined area



of observation in the neighbourhood of the junction. The vehicles travel in 
such directions that they can be imagined to come into interaction with each 
other. The motion picture camera is controlled automatically with the help o f 
an electronic unit, which is connected to pneumatic vehicle detectors that are 
placed at the outer boundaries of the observation area.

A  preliminary proposal has been drawn up for methods which would enable 
the data collected in this way to be utilised for estimating traffic safety and 
trafficability at road junctions, and the photographic recording equipment has 
been further developed on the basis of the experiences derived from this in
vestigation.

Further Development of a Method of Separating Individual Vehicles in 
Recording Traffic Streams

A method used in traffic studies for separating successive vehicles in a traffic 
stream has been described in Institute Report No. 45 A, p. 33. This method 
has been further developed.

The traffic counters, speed recorders, and other items of equipment under 
consideration comprise vehicle detectors which are assumed to be of a type that 
responds to the passage of the wheels of vehicles moving on the road.

Since it is desirable that each vehicle should be recorded only once, while 
the number of axles of the passing vehicles is liable to vary, the equipment 
in question has been provided with a blocking circuit, which ensures that only 
the passage of the first pair of wheels of each vehicle shall be recorded. The 
blocking circuit extends the duration of the blocking period for each following 
pair of wheels of the vehicle—on condition that this pair of wheels passes 
the detectors within a given blocking period. I f  the blocking period were too 
short, then a new record would be made, with the result that the vehicle would 
be recorded twice. Accordingly, in order to ensure that each vehicle shall be 
recorded as a single vehicle only, it is required that the blocking period shall 
be longer than the time during which the vehicle moves through the distance equal 
to the greatest spacing of its axles. As the last pair of wheels of the vehicle 
also initiates a blocking period, this equipment will not be able to record the 
next following vehicle if the time spacing between the vehicles is too short. Con
sequently, to separate successive vehicles in a dense traffic stream, it is de
sirable that the blocking period should be as short as possible. The principles 
which served as a guide in choosing an appropriate duration of the blocking 
period so as to take account of the circumstances described in the above are 
stated in what follows.

In choosing the length of the blocking period, (r), we consider the relation 
x =  S/Vy  where S  is the blocking distance, which has been chosen in advance 
so as to be greater than the greatest expected spacing between two consecutive 
axles of the vehicles to be studied, and V  is the speed recorded by the test 
equipment. From this relation, we obtain that blocking period, r, which is as 
short as possible with reference to an individual vehicle. As has been pointed 
out in the above, the blocking period shall be longer than the time of passage,
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Fig. 24. Relation between the speed, V, the time spacing, A t, between successive vehicles, the 
blocking period, r, the blocking distance, S, and the spacing, 1, between two consecutive axles 
of a vehicle.
The speed limits which are in force at the present time and the wheel base ranges of light and 
heavy vehicles are indicated in these graphs.
Three principles of blocking are represented in the above graphs:

1. x — constant (r =  0.5 sec).
2. S =  constant (S =  8 m).
3. S =  constant (S =  8 m) for V <C Vo; S — S (V) for V Vo; (Vo =  100 km per h).

(In this connection, the term “light vehicles” refers to vehicles having a total weight of less
than 5 metric tons).

(/')> f ° r the greatest distance between two consecutive axles of an individual 
vehicle. In the graph shown in Fig. 24, this implies that the plotted point 
which represents the pair of co-ordinate values, (ju, V) is situated on the left



of the hyperbola branch S =  constant. On the other hand, the time spacing, 
At, between two successive vehicles shall be so great that the plotted point 
which represents the pair of co-ordinate values (At, V ) lies on the right of the 
curve S =  constant.

From observations of traffic on roads where no speed limit is stipulated, it may 
be inferred that the points representing the pairs of co-ordinate values (At, V) 
form an aggregate which is preferably situated in the hatched area in Fig. 24 a. 
As is seen from this graph, the speed-dependent blocking period affords an 
adequate resolution of the traffic stream. Furthermore, the characteristics of 
light motor vehicle traffic (vehicles having a total weight below 5 metric tons), 
which is steadily increasing in volume as well as in speed, can be taken into 
account as is shown in what follows.

In addition to the main principle described in the above, that is to say, 
S — constant, it is also possible to use a procedure which takes into con
sideration the fact that the axle spacings of the light vehicles are shorter, 
and their speeds are as a rule higher, than those of the heavy vehicles, which 
are subject to speed limits. As may be inferred from the relation r — S/V, owing 
to the combined effect of the parameters S and V, the requisite blocking period, 
t, for light vehicles is considerably shorter than that for heavy vehicles, es
pecially in the higher speed range. I f  use is made of a speed-dependent blocking 
distance, S — S^V), which decreases with increase in speed when the latter 
exceeds certain definite values— as may be seen from Figs. 24 a and 24 b—, then 
it will be even more probable that the bunches of fast-moving light vehicles 
will be correctly recorded.

The equipment based on the above-mentioned principles of blocking is designed 
in such a way as to make it possible to choose the constant blocking distance, S, 
as well as the parameters which determine the slope of the function S =  S(V), 
so that they may be adapted to widely differing road and traffic environments.

This principle of vehicle separation has been applied practically in the vehi
cle-differentiating traffic counter which is described in the next section.

Vehicle-Differentiating Traffic Counter

As has been mentioned in Institute Reports Nos. 41 A and 45 A, the princi
ples of a vehicle-differentiating traffic counter have been evolved and tested 
in the Traffic Department. These principles are based on two facts:

1. The type of vehicle is reflected in the axle arrangement.
2. The axle arrangement can be determined from the sequence of pulses emitted 

when a vehicle passes over three detectors which are placed on the car
riageway at certain definite distances, viz., 1.7 and 3.3 m, respectively, from 
each other.

The development work on this traffic counter is now completed. The 
sequence of pulses emitted from the vehicle detectors is converted electroni
cally into a binary code that indicates the vehicle group to which each passing



vehicle belongs. This code is punched in a paper tape, which can be dealt with by 
means of an electronic data processing machine in accordance with different 
programmes, as desired. The results of the computations made by the data pro
cessing machine are expressed per unit time, and give the number of vehicles, 
the total estimated vehicle weight of the vehicles, their estimated pay load, etc., 
which are broken down by vehicle group.

The vehicle detectors used for this traffic counter represent an improved 
version of the conventional pneumatic tube detector. They have been designed 
and constructed at the Institute, and embody the results of several years of 
research work.

The tests made with the vehicle-differentiating traffic counter have shown 
that volume counts, vehicle-differentiating counts, and weight calculations 
based on these counts can be carried out to a degree of precision which is 
sufficient from a practical point of view.

Aerial Photography

Aerial photography is used as a method of obtaining information for traffic 
studies to an increasing extent, primarily in the United States, but also in Europe. 
By way of preparation for the application of aerial surveys to traffic studies 
envisaged in Sweden, a study of the literature has been carried out in order 
to find out what types of aeroplanes and photographic equipments would be 
suitable for this purpose.

In the United States, lightweight, low-speed aeroplanes, as well as heli
copters, are used for aerial photography. The camera equipment ranges from 
conventional 3 5-mm motion picture cameras to professional aerial survey 
cameras for negative sizes of up to 9 by 18 in. As a rule, the larger film sizes are 
to be preferred in spite of the fact that they are more expensive. An interesting 
novelty in this field is the continuous strip photography, which gives a single 
continuous view of the area under survey on a long film strip, 9 in. in width.

Road T raffic Accidents at Three-Way functions

A  study has been made of the relations between the frequency of accidents 
and the traffic flow at three-way junctions in non-urban areas. The knowledge 
of these relations is a necessary condition for studies which deal with the part 
played by the road factor in the origin of accidents. The traffic was differ
entiated in several directions, see Fig. 2 5. According to the manoeuvres performed

Fig. 25. Differentiation of traffic at three-way junctions in 
studies dealing with the relation between the frequency of 
accidents and the traffic volume.
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by the conflicting vehicles, the accidents were classified in two groups, which are 
designated as Type i and Type 2 accidents in what follows. In both these 
groups, one of the vehicles in conflict formed part of the traffic stream Q, 
while the other vehicle was moving in the traffic stream q 1 in the first group, 
and in the traffic stream #2 in the second group. I f  we consider that number 
of accidents per three-way junction which relates to the traffic stream Q—q 1, 
and if we denote this number by Oi, then the relation between the accident 
frequency and the traffic volume can be expressed by the formula

Oi =  K , q\ Qb

where K i  is a constant, which is dependent on the road factor, among other 
parameters.

In order to determine the values of the exponents a and b, the number of 
accidents per three-way junction has been plotted in logarithmic graphs against 
the traffic volume Q, as well as against the traffic volumes qi and <72, re
spectively. These graphs are shown in Fig. 26 and 27. The straight lines were 
determined by means of the method of least squares.



Fig. 28. Relative frequencies of Type 1 and 
Type 2 accidents at three-way junctions which 
differ in the angle of intersection.

The data which served as a basis for these graphs covered 5 68 three-way 
junctions and 283 accidents in all. It is seen from Figs. 26 and 27 that, for 
the Type 1 accidents as well as for the Type 2 accidents, the exponent a is 
approximately equal to 0.5, and the exponent b is approximately equal to 1.0. 
Accordingly, the relation between the frequency of accidents and the traffic 
volume might be expressed by the formula 0 1 =  K i-Q V q i  on the assumption 
that Q and q 1 are non-correlated. No test has yet been made in order to find 
out whether this assumption is satisfied in reality. The above expression is 
in agreement with the results of an investigation which has previously been 
carried out by the Institute at three-way junctions in the County of Göteborg 
and Bohus, and which showed that the variation in the frequency of accidents 
with the traffic flow on the primary (major) road was greater than that with 
the traffic volume on the secondary (minor) road. In an analogous British 
investigation, Tanner found that the frequency of accidents is approximately

The values of the expressions K i  =  ^-zr • io 4 andproportional to VQ q  1.

o2
QVqi

QV?2
io4 have been calculated for angles of intersection smaller

than, equal to, and greater than, 90°.
The results of these calculations are represented in Fig. 28, which shows that 

the greatest number of Type 1 accidents occurred at obtuse-angle intersections, 
whereas the largest number of Type 2 accidents took place at acute-angle inter
sections. Since the data which were available for this investigation covered 
a relatively small number of accidents, it is desirable that a new investigation 
of this kind should be carried out on statistical materials which comprise a 
greater number of accidents, if possible. The above-mentioned results are partly 
at variance with those of a British investigation which was published by Glan- 
ville in 1951.



The relative accident frequencies have also been calculated with reference 
to the sight distance at the three-way junction on the assumption that the 
secondary (minor) road is situated on the right. The results of these calcu
lations are given in Table 6. As is seen from this table, the risk of Type i 
accidents increases as the sight distance becomes greater. This can probably 
be attributed to the fact that roughly all accidents which occur while overtak
ing and passing are of this type. As regards Type 2 accidents, which do not 
include the accidents in connection with overtaking and passing, it seems that 
the risk of these accidents is relatively independent of the sight distance.

Table 6. Effect of the sight distance on the relative frequency of accidents 
at three-way junctions

Sight distance

 > K\ =  • io 4 K2 =  ^ 2— • to4
 f ------  Q V <?1 Q V ?2

Less than 200 m 0.09
200 to 500 m 0.16
Greater than 500 m 0.20

Costs of Traffic Accidents

The Institute has started an interview investigation dealing with the road 
traffic accidents which have actually taken place. Investigations concerning 
traffic safety problems are at the present time confined to the accidents which 
are included in police reports. However, it is known that these accidents con
stitute but a small fraction of the total number of accidents. Nevertheless, for 
the time being, the results of statistical analyses, e.g. the distribution of types 
of accidents, though determined from data which cover a limited number of 
accidents, have to be supposed to represent the distribution of the whole 
statistical population. One of the objects of the above-mentioned investigation 
is therefore to determine the representativity of the accidents comprised in 
the police reports.

Another purpose of this investigation is to study the costs of accidents with 
reference to road environment. This study is of interest to road authorities 
when the costs of investment in the activities planned with a view to improve
ment of traffic safety have to be weighed against the expected reduction in 
the costs of accidents.

0.03
0.07
0.06



Other Activities of the Institute

Connections Abroad

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

Participation in Conferences, etc.

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

Stockholm, September 1965.

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

Nils G. Bruielius
Director
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