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

Organization



Staff

C hief Engineer and Director of the Institute: N ils G. Bruzelius.

Staff engaged in

D e p a r t m e n t  Special
General r  • • it commissionedwork iwork

Chief Engineer ................................................................................................ i
Administrative and Technical Offices   8 3

Chief Secretary: Carl Edeblad
Road Surfacings Departm ent...................   8 8

Department Chief: Ernst Ericsson
Road Foundation Departm ent....................................................................  2 7

Department Chief: Nils Odemark
Geological Department   5 8

Department Chief: Folke Rengmark
Mechanical Department ............................................................................... 12 22

Vehicle Section, Mechanical Section, Instrumentation and Vehicle 
Laboratory, Design Office, and Workshop 
Department Chief: Gösta Kullberg

Traffic Department .......................................................................................  4 7
Department Chief: Stig Edholm

Number of persons 40 55

Total staff 95

Publications

The following papers have been published in Swedish in 19 61 — 1962. 

Printed Reports:

40. Annual Report of the N ational Swedish Road Research Institute
for the Financial Year 19 6 0 -19 6 1 .......................................................... 19 61

40 A. Ditto (in English) ...........................................................................................  1962

Special Reports (Mimeographed):

1 1 .  Special Report No. 1 1 ,  Revised Edition, Test Methods for
Materials Used in Bituminous Road S u rfac in g s ................................... 1961

17 . Methods of T ra ffic  Measurements. Determination of Number and
Weight of Vehicles (in English) by Stig E d h o lm ..................................   1962

18. Oiled G ravel Test Road Sections in i960 and 1 9 6 1 ..........................  1962

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



Research and Investigation W ork at the Institute

During 19 6 1-19 6 2 , the Institute has pursued general road engineering 
research on the same lines as before. Just as in the previous years, the Institute 
was entrusted by various State and local authorities as well as by private under
takings with a large number of commissions for research into current problems 
concerning roads and air fields. Moreover, the work of the Institute included 
consultation varying in scope.

Road Surfacings Department

Investigations into Properties of R oad Oils fo r  O iled G ravel Roads

The National Swedish Road Board has entrusted the Road Surfacings 
Department with extensive control o f road oils supplied for oiled gravel roads, 
just as in 19 6 0 -19 6 1. This control comprised, among other things, distillation 
tests carried out in accordance with the method recommended by the Institute 
o f Petroleum, Designation IP  27/61, as well as the determination of the viscosity 
o f the road oil and the distillation residue.

In 1962, the specifications for supply of road oils stipulated the values given 
in what follows. The temperatures at which the road oil and the distillation 
residue had a viscosity o f 500 centistokes should be 4 7 °C  ±  5 °C  and 
6 o °C  ±  5 °C , respectively. The values o f these temperatures were 2 °C  higher 
than those specified in 19 6 1. The quantities o f distillate determined by means 
o f the IP  27/61 method at 26o°C , 3 i5 °C , and 36 o °C  should be o, 6, and 
< ^ 12  per cent by volume, respectively.

A  comparison of the road oils supplied in 1962 with those delivered in 19 6 1 
gave results which can be summarised as follows:

The original oils had a viscosity o f 500 centistokes at approximately the same 
temperatures as in 19 6 1, while the corresponding temperatures of the distillation 
residue were on an average 3 °C  higher. The quantities of distillate were on an 
average 2 per cent greater. The average temperatures at which the oil and the 
distillation residue had a viscosity of 500 centistokes were 46°C  (44°C  to 470) 
and 68°C  (63°C  to 70°C ), respectively. The average quantities of distillate at 
3 i5 ° C  and 36 o°C  were 3 (1 to 5) and 9 (6 to 10) per cent by volume, re
spectively. The mean value of the flash point was 87°C  (8 i°C  to io 3 °C ) . 
Traces or a few  tenths of a per cent o f water and distillate at 26o°C  occurred 
in practically all road oils supplied in 1962, whereas this had been but excep
tionally the case in the road oils delivered in 19 6 1.

Comparisons were made between the results of tests carried out in the 
laboratories o f the oil suppliers— those of the parent companies as well as those 
o f their Swedish subsidiaries— and in the laboratory o f the Institute. These 
comparative investigations were conducted at the Institute partly in co-oper
ation with representatives o f the oil suppliers. As a consequence o f these in



vestigations, the Institute intends to modify the methods o f testing in certain 
respects.

Investigations of road oils by selective precipitation in conformity with a 
method evolved by the Institute were carried out on a smaller scale than in 
19 6 0 -19 6 1. This was in part due to the fact that adequate experience and 
appropriate methods are not yet available for correlating the results of tests 
with the road properties o f road oils and oiled gravel. Thus, only a few isolated 
delivery samples received from 4 suppliers of road oils in 1962 were tested by 
the aid of the precipitation method. These tests showed that the oils contained 
an inconsiderable percentage o f the groups of substances which are preeipitable 
with cyclohexane, i.e. carboids and carbenes, and which have an inactivating 
effect on amines. As regards the percentages of asphaltenes and resins, i.e. the 
groups of substances which are preeipitable with n-hexane and 11-propanol, no 
notable differences were generally observed in a comparison with the same road 
oils supplied in 19 6 1.

Some investigations were made in order to study the relation between viscosity 
and temperature o f road oils differing in origin. Among the road oils used in 
Sweden, it was only those of Venezuelan origin that seemed to exhibit a linear 
viscosity-temperature curve in a viscosity chart specified in A ST M  D 34 1-43 , 
even down to temperatures below 0°C . Some road oils possessed a viscosity 
which increased non-linearly at temperatures which were as high as +  io °C  
and above. One o f the road oils under test was found to have a viscosity- 
temperature curve in the shape of a broken line, which had a knee at about 
+  30°C . There is no doubt that the variation in viscosity with temperature has 
considerable effects on the properties of oiled gravel in connection with mixing, 
spreading, and scarifying, as well as on the behaviour o f oiled gravel when it 
is exposed to the action o f precipitation, e.g. rain or snow, and to the con
sequent drop of temperature.

An important subject o f research is to seek an explanation of, and a remedy 
for, oil migration, which occurs in certain cases on oiled gravel roads. This 
phenomenon can be due to emulsification of oil. Some tests were therefore made 
with a view  to determining the conditions under which road oils can be 
emulsified. The tests in question were performed in a Shell emulsifying appa
ratus, and their number was relatively small. On the whole, it seems that the 
following rough conclusions can be drawn from these tests. Road oils containing 
amines can form a stable emulsion of the water-in-oil type. However, this 
emulsion has a much higher viscosity than the oil, and possesses a very high 
adhesiveness. The addition o f clay in varying quantities to the system con
sisting of oil with amine and water results in emulsions o f the same type, i.e. 
water-in-oil, having a high viscosity and a good adhesiveness. Emulsification 
of this type can scarcely be supposed to entail oil migration. Road oils without 
amines do not form stable emulsions. I f  clay is added, then this results in a 
comparatively stable emulsion, likewise of the water-in-oil type, which has a 
high viscosity but which has no adhesiveness. Emulsification m ay possibly cause 
oil migration. I f  a quantity o f a suitable acid which is equivalent to the amine 
is added to the water, then this produces a water-soluble amine salt, and renders



possible the formation of an emulsion of the oil-in-water type, which has a much 
lower viscosity than the oil, and which has no adhesiveness. A ll the same, it 
seems that the necessary conditions for the formation o f an emulsion of this 
type do not exist in oiled gravel.

The Department has started investigations with the aid of a method re
commended by the Institute of Petroleum, Designation IP 1 105/6 1, for recovery 
o f asphaltic bitumens of various types as well as road oils from surfacing 
samples in order to study the behaviour o f binders during ageing.

Adhesion Tension between Cut-Backs and Coarse Aggregate

The investigations dealing with the adhesion tension between coarse aggregate 
and M A  15 cut-back were continued. A  close study was made of the effects 
produced by the treatment o f coarse aggregate with an aqueous solution of 
carbon dioxide, followed by thorough washing with distilled water. Some results 
of these investigations are mentioned in what follows.

For Stockholm granite, it was required that the stearine amine content of the 
cut-back should be 2 per cent in order that active adhesion might be ensured. 
A fter treatment with an aqueous solution of carbon dioxide, the requisite 
stearine amine content was only 1.3 per cent. When use was made of stearine 
diamine, the stearine diamine content of the cut-back required in the case of 
untreated Stockholm granite was 0.6 per cent, and after treatment with carbon 
dioxide solution, it was likewise 0.6 per cent. In the tests on felspar, the stearine 
amine content required for active adhesion was 1.6 per cent, and after treatment 
with carbone dioxide solution, it was 0.3 per cent. The corresponding values of 
the stearine diamine content were 0.4 and 0.3 per cent. It  is probable that the 
amine molecules are linked to the surfaces of the coarse aggregate by hydrogen 
ion bonds. During treatment with carbon dioxide solution, the metal ions in the 
surface o f the coarse aggregate particles are exchanged for hydrogen ions. The 
increased effectiveness of stearine amine, and in some measure of stearine 
diamine, after treatment of coarse aggregate with carbon dioxide solution corro
borates the view  that hydrogen ion bonds constitute the links between the 
minerals in the coarse aggregate and the amine molecules in the cut-back. Vice 
versa, the exchange of hydrogen ions for metal ions should reduce the effect of 
the adhesive agents. In order to demonstrate this reduction in effect, the coarse 
aggregate was first treated with carbon dioxide solution, and then with a very 
weakly alkaline 2 per cent aqueous solution o f calcium chloride. In this case, 
about 2.5 per cent of stearine amine was required for active adhesion in the 
tests on Stockholm granite, and the corresponding percentage in the tests on 
felspar was about the same. The respective values of the stearine diamine 
content were 0.75 and 0.50 per cent. It  is remarkable that stearine diamine was 
relatively less sensitive to those changes in the condition o f the mineral surfaces 
which were caused by the various treatments. This is in agreement with practical 
experience.

1 IP Standards for Petroleum and its Products, Methods for analysis and testing. Published 
by the Institute of Petroleum, 61 New Cavendish Street, London, W.i.



Attemptsi at R ecovery of Am ine from , and Its Determination in, O iled G ravel

Oil can be recovered from oiled gravel by extracting oiled gravel with a 
solvent. It  might be expected that the amine dissolved in the oil would be 
recovered together with the oil. H owever, it was found that not the whole 
quantity o f amine added to the oil was dissolved in the solvent, and that part of 
this quantity remained in some form or other between the particles o f coarse 
aggregate. Model tests were made on different coarse aggregates in order to 
evolve a method for recovery of amine, but although much work was expended 
on this task, a satisfactory method has not yet been devised.

Test R oad Sections for Friction Measurements

The Institute deemed it important to make a close study of the factors which 
m ay be supposed to influence the frictional properties of bituminous road 
surfacings. As a stage in the investigations undertaken for this purpose, several 
test road sections were constructed in the summer of 19 61 for friction measure
ments on bituminous surfacings, which differed in composition and in surface 
characteristics. In order to obtain more reliable data for estimates, the tests in 
question were made on two different roads. They were constructed in conformity 
with the same programme, but by two different contractors. It is intended to 
make continuous measurements in order to study the effects produced on 
friction by weather, condition o f road, age, etc.

These tests were performed on two sections o f each road. They are provided 
with surfacings o f six different types, viz., sand asphalt, Topeka asphalt, 
T ype Ab 12  t dense asphaltic concrete, T ype Ab 1 2 0  open asphaltic concrete, 
T yp e Y  1 surfacing (single-course asphalt), and precoated chippings, i.e. bitu- 
minised one-size macadam rolled into a layer o f sand asphalt. Each test road 
section is 60 to 80 m in length and 8 m in width.

Friction measurements were carried out on these test road sections at two 
different times in the autumn of 19 6 1. T o  estimate the frictional properties of 
the various road surfacings after only two series o f measurements, even i f  these 
measurements comprised a large number o f passes of the friction test vehicle, 
is o f course impossible because the effects o f weather, condition o f road, age, 
etc., have not yet been systematically studied. These measurements were con
tinued in the winter of 19 6 1-19 6 2 .

R oad Lighting Tests

With a view  to studying the characteristics of various bituminous road 
surfacings in reflecting light’ from a dry or wet carriageway, the Road 
Surfacings Department made in the autumn of 19 61 road lighting tests on the 
surfacings which form part of one o f the above-mentioned test road sections for 
friction measurements. These tests were limited in scope.

The carriageway under test was lighted by means of a movable luminaire, 
and the photometric brightness (luminance) of the surfacings was determined



with a luminance meter. The relative positions o f the luminaire and the lumi
nance meter were the same in all tests. The tests on the wet carriageway were 
made after watering the carriageway with a sprinkler car.

When the carriageway was dry, the surfacings reflected light more or less 
diffusely, with the result that the distribution of luminance was relatively 
uniform over the whole width of the road. The T ype Y  i surfacing and the 
precoated chippings exhibited the lowest values o f the luminance, whereas the 
highest luminance values were observed on the Topeka asphalt coat, whose 
surface was very rich in binder.

When the carriageway was wet, the light was also reflected on the whole 
diffusely by the open-textured asphaltic concrete, the Type Y  i surfacing, and 
the precoated chippings. These surfacings did not greatly differ in luminance 
distribution and in luminance level. On the other hand, the dense asphaltic 
concrete, the Topeka asphalt, and the sand asphalt surfacings in a wet con
dition reflected light like a mirror. Therefore, the source of light caused a 
narrow, bright, path-like reflection on the carriageway in the direction towards 
the observer. This path-like reflection was long-extended on dense asphaltic 
concrete and short on Topeka asphalt. The values o f the luminance observed on 
these path-like reflections were very high. T hey were highest in the areas where 
the reflected image of the light source was produced. Outside of the bright 
reflection paths, the surfacings were dark.

Test R oad Sections fo r Surface Dressings

Several test road sections were constructed in the autumn of 1961 in order to 
study surface dressings with binders of various types. The binders under test 
were, first, a bituminous emulsion prepared with a cation-active emulsifier, and 
second, a cut-back with the admixture of amine and powdered rubber. For 
comparison, a surface dressing where the binder consisted of cut-back with the 
addition of amine was applied at the same time. The purpose of these tests was 
to compare the surface dressings made with different binders so as to study 
their durability characteristics.

Ah binders were tested on two separate road sections. It was intended to test 
them on half the total number o f road sections under actual weather condi
tions, and on the remaining road sections under very unfavourable conditions. 
In the latter case, the road surfaces should be kept moist by sprinkling with 
water during 14 days after construction. However, on account of rain during 
construction as well as during 8 o f the following 14 days, all road surfaces 
were on the whole tested under the same conditions.

These tests were made on six road subsections. Each subsection is 100 m in 
length and 6 m in width.

The road sections under test were inspected in the autumn of 1961 and in the 
spring of 1962. It was found that the test road sections where use had been 
made of a cut-back with the addition of amine and powdered rubber as well 
as the comparison road sections where cut-back with amine had been employed 
as the binder were on the whole in a satisfactory condition.



On the other hand, part of the aggregate became loose immediately after 
construction of the test road sections where the binder consisted of a cationic 
emulsion. Subsequently, the extent of this damage has slightly increased.

Test on Bridge Deck W aterproofings 
A pplied to Cement Concrete Surfaces

With a view  to studying the resistance of various bridge deck waterproofings 
to the deforming action o f traffic, tests were carried out in the road machine 
of the Institute. These tests were made on bridge deck waterproofings of four 
different types, viz., one membrane waterproofing and three sheet asphalt 
waterproofings.

A ll bridge deck surfacings were 6o mm in total thickness. They were laid on 
a reinforced concrete slab.

The membrane waterproofing was constituted by two layers of asphalted 
mineral fibre felting, which was mopped with A  140 asphalt. A  protective course 
of sand, stabilised with filler and cut-back, was applied on top of the water
proofing membrane. The sheet asphalt waterproofing consisted o f A  140 asphalt, 
Trinidad asphalt, filler, and sand. For attaching the sheet asphalt waterproofing 
to the concrete slab, use was made of three methods. The sheet asphalt was 
glued with cut-back direct to the slab, laid on a layer o f asphalted mineral fibre 
felting, or laid on a layer o f open-textured asphaltic concrete. The wearing 
course consisted o f dense asphaltic concrete, and its thickness was adjusted so 
that the total thickness of the bridge deck surfacing was 60 mm.

The tests were made at temperatures of — i5 °C , +  20 °C , and +  48°C . 
The total number o f wheel passes over all four surfacings was 230,000.

The deformation o f the road surface was zero at — i5 °C , and was moderate 
at +  20°C . This deformation was greatest in the case where use was made of 
membrane waterproofing and a protective layer o f stabilised sand. V ery large 
deformations were observed at +  48°C . They were likewise greatest in the 
case of the surfacing which comprised membrane waterproofing and a pro
tective layer of stabilised sand. This was obviously due to the fact that the 
layer of stabilised sand which was used as a protective course placed direct 
on the membrane waterproofing had a lower stability than the sheet asphalt.

Tests on O iled G ravel Prepared from  Stone Materials D ifferin g  
in Origin and in Particle Size Distribution

The test road sections constructed in 1961 for studying oiled gravel which had 
been prepared from stone materials differing in origin and in particle size 
distribution were inspected. Interesting results were obtained on the test road 
sections where use had been made of local matrials possessing good properties. 
Some of these road sections did not exhibit any damage, whereas other sections 
were deteriorated by traffic. The character o f subgrade, traffic, weather, 
adhesion agent, oil, and oil content were identical on all test road sections. 
Thus, these road sections differed solely in the particle size distribution of 
crushed gravel.



The earliest damage to the surfacings was caused in the wheel tracks. This 
damage first manifested itself in the form of bleeding spots or streaks. The 
voids ratio of the gravel where damage occurred had probably been so low that 
the oil and the water which was trapped in the oiled gravel overfilled the space 
available in the voids, and were therefore forced upwards to the surface, 
together with fine-grained rock material.

In order to verify  this theory, oiled gravel compaction tests were made by 
subjecting oiled gravel samples to roller action in the roller compaction testing 
machine of the Institute.

When oiled gravel samples containing dry stone materials, which had the same 
particle size distributions as those used on the damaged test road sections, were 
submitted to roller compaction, a mixture of oil and fine stone particles was 
forced upwards to the surfaces of the samples, and formed shiny spots on these 
surfaces. When 4 per cent of water was added to oiled gravel, the surfaces of 
the samples were covered with a mixture of oil, water, and fine stone particles 
in the course o f roller compaction. This mixture had a pasty consistence. Roller 
compaction o f samples which had the same stone particle size distributions as 
the oiled gravel employed on the undamaged test road sections resulted in 
uniformly mat sample surfaces. When water was added to oiled gravel of this 
kind, it was forced upwards to the surfaces o f the samples during roller 
compaction, but was not mixed with oil and fines. A ll the same, a few very 
small shiny spots were formed in this case.

Roller compaction of the samples which corresponded to damaged oiled gravel 
resulted in a voids ratio, i.e. the volume of the voids expressed in per cent of 
the volume of the sample, which was lower than that of the samples correspond
ing to undamaged oiled gravel. H owever, the difference in voids ratio was not 
great; it was only 1 to 2 per cent o f the total volume of the sample.

Accordingly, it was a relatively slight difference in voids ratio that seems 
to have decided whether or not the oil was forced upwards to the surface under 
the action of traffic. The surfacings were subsequently damaged because the oil 
content of the oiled gravel became lower and lower, with the result that its 
cohesion progressively decreased.

This conclusion was on the whole corroborated by tests on crushed gravel 
originating from three different deposits, which all consisted of sedimentary 
rocks. Nevertheless, the results of the tests on these varieties of gravel were not 
quite unambiguous. This was due, first, to various mechanical defects which 
were present in the stone materials, and second, to local conditions. Be that 
as it may, these tests showed that the stone materials in question are not well 
suited for oiled gravel.

O iled G ravel Test R oad Sections

In the first half of 1962, at the request of the National Swedish Road Board, 
the Institute constructed oiled gravel test road sections with a view to deter
mining appropriate limits of viscosity under varying practical conditions.



These tests cover 14 oils manufactured by the A B Nynäs-Petroleum. The 
viscosities of the original oils as well as those of the distillation residues vary  
within wide limits. The ratio o f the viscosity of the oil to that of the distillation 
residue was also varied, just as the rate o f evaporation of the fluxes entering 
into the oils. In addition to making the observations which are norm ally carried 
out on oiled gravel test roads, it is intended to follow continuously the process 
o f ageing o f the various oils. For this purpose, samples of oiled gravel w ill be 
taken on the test road sections. Subsequently, the oil w ill be recovered from these 
samples, and will be analysed.

Road Foundation Department

Investigation of Bearing C apacity> Methods of Design and Construction of 
Roads and Runways

The equivalent method o f road design based on an approximate method of 
calculating stresses and displacement in multi-layered systems has long been 
used in the Road Foundation Department. For some cases of current interest, 
graphs based on this theory such as that shown in Fig. 1 have been prepared. 
This example indicates the unit subgrade reaction in a three-layered system 
subjected to a static load on a circular area of the surface of the first layer. 
The graph is prim arily to be used for a structure consisting of pavement and 
stabilised base course as the first layer, subbase as the second layer and subgrade 
as the third layer which is assumed to be of indefinite depth.

The elaboration of dynamic bearing testing methods and the theoretical 
consideration of dynamically loaded pavements have been studied during the 
year and formulas for some simple cases have been deducted and the results 
expressed numerically. Such a case is that of a pavement subjected to a concen
trated surface load of a magnitude that can be expressed as a trigonometric 
function o f the time variable. The mathematical solution, shown in Fig. 2, 
assumes a foundation of the Westergaard type; proportionality is therefore 
assumed between the unit subgrade reaction and the deflection. The mass which 
gives dynamic forces is assumed to be proportional to the thickness and the 
density of the pavement.

The solution of the static case of loading, which has been dealt with by 
Westergaard, is obtained by putting p =  o in the equation for low frequency. 
The mathematical solution m ay also be applied to dynamic investigations of 
the bearing capacity, which consist in measuring certain characteristics of a 
vibration wave generated by a load vibrating at a known frequency.

As is seen from Fig. 2, the deflections are expressed by different formulae 
corresponding to low and high frequencies respectively; a “ critical case”  occurs 
at a certain definite frequency. Such a “ critical case”  can present itself when 
the road is submitted to light-vehicle traffic as well as when it is subjected to 
heavy-vehicle traffic, if  these vehicles travel at certain high speeds. A  case



Fig. i. Graph for the calculation of the vertical pressure in a three-layer system under a load 
uniformly distributed over a circular area.

of dynamic loading which is dangerous to the road can occur when a heavy
vehicle travels at a critical speed.

Valuable contacts with the Koninklijke/Shell Laboratory, Amsterdam, Nether
lands, and the National Institute for Road Research, Pretoria, Union of South 
A frica, have been established and maintained in connection with dynamic 
loading.

The Institute has been entrusted with the design of the pavements for a 
m otorway and its interchanges to be constructed in conjunction with the 
proposed tunnel under the Göta R iver in Gothenburg. This motorway, which 
w ill handle dense, prim arily local traffic, must to a large extent be built on
a loose clay subgrade of maximum thickness over 100 m.

Since the elevation of the clay subgrade as well as that of the pavement 
surface had already been fixed, the bearing capacity had to be ensured within
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the limits of a given design thickness. This required an engineering and economic 
solution of the following problems:

1. Laying subbase material on a very loose clay subgrade without intermixing 
with the clay. Lime stabilisation of the clay or laying a 15 cm thick con
crete base as support for the subbase material was proposed. A t present, 
however, there seems to be no known economical method to make lime 
stabilisation on such loose clay as here exists.

2. Compaction o f embankments built with clay with high moisture content. 
Lime stabilisation can here be used.

3. Adjacent to the tunnel it was found to be feasable to lay  subbase material 
from barges and compacting after draining.

Surveys of Existing Roads and Proposals for Their Strengthening for Transport 
of H eavy Equipm ent

Hydro-electric development and the extension of power transmission systems 
in Sweden have necessitated, among other things, various special arrangements 
for road transportation of very heavy equipments such as generator parts and 
transformers. The generating plants and transformer stations where this equip
ment are to be installed are most frequently so situated that it is not possible 
to transport these heavy objects over the existing and adequately strong main 
road system. Several difficult engineering and economic problems have presented 
themselves in this connection, and, in the fifties and sixties, the Road Foun
dation Department has repeatedly been requested to undertake the responsibility 
for carrying out such transport jobs at minimum cost and risk on narrow, 
weak roads, often on peat or clay subgrades. Since the equipment in question 
had sometimes to be transported 100 km or more, the strengthening operations 
were extensive and costly.

A t request o f the Swedish State Power Board, the Department has inspected 
the road from the Segmon R ailw ay Station to the Borgvik Transformer Station, 
County o f Värm land, and has investigated the bearing capacity of this road.

The observation made during inspection and the results of the loading tests 
performed by the Road Foundation Department under loads o f 5 metric tons 
at some 250 points, as well as the results of the soil exploration carried out 
by the Geological Department of the Institute were used by the Road Foundation 
Department as a basis for suggesting the measures which should be taken in 
order to strengthen the road in question so as to ensure that this road in a non
frozen condition should be able to carry a transformer transport unit, i.e. the 
carriage and the transformer, which weighed about 305 metric tons.

A fter the road had been strengthened, it was subjected under observation, 
to test loading by the transportation of a dummy load in the special Type 
Sa-200 transformer-carrying trailer, at a total weight of 3 10  metric tons.

The most critical road sections in respect of bearing capacity are situated 
in the immediate neighbourhood of Lake Borgvik, on a weak clay subgrade. 
Measurements for determining elastic and permanent deflections were carried 
out on these road sections during the passage of the test transport. The test



Fig. 3. Transport of a transformer from the Segmon Railway Station to the Borgvik Transformer 
Station, County of Värmland. The total weight of this train of vehicles, including the two towing 
and the two pushing tractors, was 420 metric tons. The carriage with the transformer weighed 
305 metric tons. This was the heaviest road transportation that has ever been handled in Sweden.

showed that the bearing capacity of the road was inadequate on three short 
sections, and so the road was strengthened and widened according to type and 
extent of damage.

This transformer transport, the heaviest road transportation job that has 
ever been handled in Sweden, was performed without mishap at the end of 
June 1962, shortly after the test transport (see Fig. 3).

The formation of correct estimates which show whether the bearing capacity 
o f a road permits the conveyance of very heavy transport units can give rise 
to certain difficulties. Such difficulties were experienced by a Swedish power 
company in connection with an accident which occurred early in September 19 61 
during a n o  metric tons transformer transport to a power station in Central 
Norrland. The Foundation Department was requested to submit, in the shortest 
possible time, an estimate o f the bearing capacity of the road and a proposal 
for the measures necessary for strengthening the road for return transport of 
the damaged transformer.

Since this was a matter of great urgency, no time was available for the in
vestigation of soils and road materials. The strengthening operations immediately 
required for the return transport were therefore based on a visual examination 
of the road and on observations made during the transport of a medium-heavy 
(41 metric tons) turbine from the railw ay station to the power plant. This 
equipment was transported by means of a five-axle, eighteen-tyre semi-trailer 
truck.

On this basis it was concluded that the road had an insuffficient bearing 
capacity, particularly in the areas where the subgrade consisted of peat o f frost- 
susceptible soils, and that the pavement on some sections contained water- 
sensitive materials. The inadequacy o f the bearing capacity at the peat sections



was emphasized by corrugations and cracking caused by ordinary truck traffic. 
Similar damage was reported for the road sections in peat areas through which 
the heavy transformer transport had passed before the accident. On the other 
hand, is was stated that no corrugation or extensive cracking hade been observed 
on the road section where the accident occurred. There, the total thickness of 
road construction was about 50 to 60 cm, and the subgrade consisted of a 
layer of peat, about 2 m in thickness. Thus the bearing capacity conditions 
on this road section were rather better, or at any rate not worse, than on 
several other sections over which the transport had already passed before the 
accident, and on which the transport vehicle had been accurately driven in 
the central portion of the road. A t the place of accident the vehicle was steered 
too far to the right after a sharp left-hand curve, with the result that the 
assymetrical large elastical deflection caused the truck to tip over on one side. 
The permanent deflection was very small and no damage to the road could be 
observed after the accident. It became possible to check the estimate of the 
road’s bearing capacity by means of a full-length loading test run with the 
transformer carriage loaded to a total weight of about n o  metric tons. This 
test run showed that the road had to be strengthened, reconditioned, and 
widened in several places.

The first transformer transport after the improvement of the road took 
place without mishap late in September 19 61 under favourable weather con
ditions. The second transformer transport was carried out when the road was 
frozen, again without mishap.

Determination of Compaction Characteristics and Load-Bearing Properties 
of Various Soils.

Comparison between Conventional Compaction Tests and Vibratory 
Compaction Tests

Laboratory investigations, started in 19 6 0 -19 6 1, in order to compare vibra
tory compaction tests to other conventional compaction methods used in the 
determination of maximum unit weight and optimum moisture content of 
soils have been continued. The purpose is to evolve a laboratory compaction 
method which w ill be less affected by the operator’s techniques and which 
also w ill accept larger stones than the conventional methods.

The conventionel compaction tests were carried out in accordance with the 
A A SH O  procedures and by means o f standard, motor-driven apparatus.

The equipment employed for the vibratory compaction tests comprised a 
vibratory table (of the V B Meter Table type), a cylindrical mould having a 
volume of 1000 cm3 and a diameter of 1 1  cm, and a plate of 10.8 cm diameter, 
loaded to a mean soil contact pressure of approximately 150  g per cm2. The 
compaction test comparisons which had been made on sand and gravel in
19 6 0 -19 6 1, were now performed on more fine-grained soils. The factors varied 
in the vibratory compaction tests were the moisture content, the time of v i
bration per layer, and the number of layers (and consequently the vibrating 
mass). The frequency and the amplitude of vibration were kept constant.
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Fig. 4. Comparison between conventional compaction tests and vibratory 
compaction tests.

In conformity with the former tests, the soil samples were compacted in i, 2, 
3, 4 or 5 layers, and the time of vibration per layer was 1/4 , 1/2 , 1, 3, or 5 
minutes. A  comparative test for each soil consisted in determining at least 135 
values of the unit weight for the plotting o f 27 unit weight curves.

Fig. 4 shows typical curves which have been found for a test specimen, a 
sandy morainic soil. These curves illustrate the relationships between the several 
variables, and allow ready comparison of the results o f the two methods in
volved.

It is seen from these graphs that the maximum unit weight o f this soil, 2 .17 , 
was obtained both by means of compaction in 3 layers with 5 minutes of 
vibration per layer, and by means of compaction in 4 layers with 3 min of 
vibration per layer. The second alternative resulted in the shorter total time



of vibration. The following problem of soil segregation according to particle 
size occurred during the application of the vibratory test method to the sandy 
morainic soil. The finer particles (less than 2 mm) of this soil, which is in the 
intermediate range between cohesive and non-cohesive, tended to separate from 
the sample and to accumulate on the upper surface o f the rather thin plate, at 
moisture contents near and particularly above the optimum. The upper particle 
size limit for the separated fractions was probably depending on the maximum 
clearance between the wall of the cylindrical mould and the edge of the plate. 
In cases when the soil was compacted at above-optimum moisture content with
5 min vibrations for each of 5 layers it was found that the separation of 
material was maximal and amounted to about 15 per cent of the total weight 
of the sample. The sieve analysis graph in Fig. 4 shows the grading curve of 
the original soil, the curve of the soil after vibratory compaction in 5 layers 
during 5 X 5  min, and the curve of separated material.

The unit weight curves in Fig. 4, show that the volume of air in the sample 
at maximum unit weight was smaller for vibratory compaction than for con
ventional compaction. In other words, the volume of voids in the former case 
was almost completely filled with water. It was not possible to determine whether 
or not this circumstance was influenced by the change in the particle size dis
tribution of the soil caused by separation.

The tests which have been carried out so far seem to indicate that the 
vibratory compaction method should be confined to non-cohesive soils.

Compaction Tests on Soils with Addition of Agents fo r Reducing Surface 
T ension.

In 19 6 1— 62, the Road Foundation Department started a laboratory investi
gation in order to ascertain whether the addition to the water o f a surface 
tension reducing agent can lead to an increase in the unit weight during com
paction, according to Modified AA SFIO  Method, T  180. The test soil used 
in this investigation has been the sandy moraine soil used in the compaction- 
method comparisons as mentioned in the foregoing paragraphs. A  water-soluble 
alkyl sulphate was employed as an agent for reducing surface tension.

The unit Weight curves in Graph I, Fig. 5, show that a higher maximum 
unit weight was obtained at a lower moisture content when agent was added 
to the water. Owing to the wetting effect of alkyl sulphate it is reasonable to 
assume that the soil particles were more completely surrounded by friction- 
diminishing water films in the case with agent than in the case with pure 
water. This was the case even at high water contents. When pure water was 
used, a maximum unit weight of 2 .16  was obtained at a moisture content of
6 per cent, while an addition of alkyl sulphate to an amount o f 1 per cent 
of the weight of the water gave a unit weight of 2 .19  at a moisture content 
of 5 per cent. When the alkyl sulphate content was 5 per cent, a maximum 
unit weight of 2.22 was observed at a moisture content of 4.5 per cent. Above 
the optimum moisture content, the use of the surface tension-reducing agent 
led to severe loss o f stability o f the soil; in one test, for instance, the hammer
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penetrated about 2/3 of the soil layer which was 13  to 14 cm thick. The 
friction between the wall of the mould and compacted samples containing alkyl 
sulphate was so low that the samples were easily removable from the mould.

Relations between Modulus o f Elasticity, Particle Size Distribution, Unit Weight, 
and Moisture Content o f Soils.

Along with the tests, described in the above, an investigation was started 
for the purpose of studying the variations of bearing capacity, i.e. of modulus 
o f elasticity of soils with particle size distribution, unit weight, and moisture 
content. On the basis of the unit weight curve of a soil, which was determined 
according to the M odified A A SH O  Method, T  180, the soil samples were 
subjected to compaction in cylindrical E-modulus moulds for determining the 
modulus of elasticity at the optimum moisture content of the soil in question, 
as well as at lower and higher moisture contents at unit weights corresponding 
to those given by the A A SH O  unit weight curve.

The samples were compacted principally in accordance with the Modified 
A A SH O  Method, but the number of hammer blows per layer had to be



increased from 25 to 125 in order that the samples might be compacted at a 
given moisture content to the corresponding A A SH O  unit weight. The cylindri
cal moulds for determining the modulus of elasticity have a larger volume, 
5 litres, as compared with the A A S H O  moulds, 1 liter.

The modulus of elasticity was determined by the aid of an apparatus called 
E-modulus apparatus which has been designed and constructed at the Institute. 
E-modulus determinations were made at each moisture content determined in 
the A A SH O  tests. In order to find out in what degree the modulus of elasticity 
at a given moisture content of the soil was sensitive to water, the E-determi
nations were performed before and after the compacted samples had been 
soaked with water which was admitted under pressure through holes in the 
bottom of the cylindrical moulds. The modulus of elasticity was also determined 
after the water had been drained o ff  through the bottom holes and the sample 
had been dried.

During each determination of the elastic modulus, a circular loading plate 
20 cm2 in surface area was subjected in repeated loadings to a mean pressure 
of 5 kg per cm2, with measurements of the elastic and permanent deformations 
during both the loaded and unloaded phaces of the test cycle. The mean o f 12  
observed values of the elastic deformation was then used for calculating the 
modulus of elasticity.

The graphs in Fig. 5 show the determined relationships of density, moisture 
content, and the modulus of elasticity for a sandy morainic soil. The graphs 
also show that the maximum E-value on curve A  (unsoaked samples) was 
observed at a moisture content lower than the optimum. In the tests on the 
soaked samples (curve B, graph II), as is seen from this graph, that sample 
which had been compacted at the optimum moisture content to a maximum 
unit weight exhibited the smallest decrease in the modulus of elasticity, and 
hence in the bearing capacity, occurred in the densest sample which had been 
compacted at the optimum moisture content. In the tests on the dried samples, 
when no free water lubricated the soil particles, the highest value of the elastic 
modulus was observed on that sample which had been compacted to the highest 
unit weight, and which therefore also possessed the greatest surface o f contact 
(surface of friction) between the particles.

These tests demonstrated the importance of compacting soils at the optimum 
moisture content, to the maximum unit weight. I f  a soil is compacted at a 
lower moisture content to a lower unit weight, then, owing to friction between 
the particles, the soil has a high modulus of elasticity so long as the moisture 
content remains low. Even when the moisture content is low, however, a soil 
having such a structural pattern m ay fail under the action of vibrations pro
duced by heavy and dense traffic.

Soil Stabilisation with Bitumen, Cem ent, or Lime.

In order that the properties of bases stabilised with bitumen or cement might 
be studied and tested from the foundation engineering and climatological points 
of view, and also in order to collect further experience concerning road con



struction methods, the Road Foundation Department in co-operation with the 
National Swedish Road Board constructed a test road in the autumn of 19 6 1, 
on National Main Road No. 15 (formerly No. 4). The site lies about 20 km 
east of Kristianstad. The test road which comprises seven 80 m long test sections 
on a realignment o f National Main Road No. 15 between Bäckaskog and 
Gualöv. The design o f the test road conforms to the relevant standard Swedish 
specifications with regard to thickness o f subbase, base course, and surfacing, 
and only the base course of the test sections deviate from the standards in 
regard to composition. The road is built on a subgrade of sand and has a 15 cm 
subbase of sandy gravel.

The base course o f the normal road sections consists of 15 cm macadam on 
5 cm “ base gravel” . The macadam is “ grouted”  with an asphalt mix which is 
spread on the macadam surface and then compacted. The test road is provided 
with bases o f the following seven designs.

1. Prepacted macadam grouted with cement mortar, 15 cm thick, on “ base 
gravel“ , 5 cm thick.

2. Prepacted macadam grouted with cement mortar, 10 cm thick, on “ base 
gravel” , 10 cm thick.

3. Bitumen macadam mix, 10 cm thick, on “ base gravel” , 10 cm thick.
4. Bitumen slate gravel mix, 10 cm thick, on “ base gravel” , 10 cm thick.
3. Bitumen “ base gravel”  mix, 10 cm thick, on “ base gravel, 10 cm thick.
6. Bitumen “ base gravel”  mix, 10 cm thick, on cement-stabilised sand, 10 cm 

thick.
7. Bitumen “ base gravel”  mix, 10 cm thick, on cement-stabilised “ base gravel” , 

10 cm thick.

The term “ base gravel”  is used to designate a gravel which has such a com
position and properties that it complies with the requirements for unstabilised 
gravel bases specified in the recommendations of the National Swedish Road 
Board. The test load as a whole was provided with an asphaltic concrete 
surfacing, T ype M A  40.

During construction and before the test road was opened to traffic the 
bearing capacities of the various layers and finally o f the finished pavements 
of different types were investigated by means of static loading tests. These 
tests were made at a maximum load o f 5 metric tons on plates, 80 and 28 cm 
in diameter, with respective maximum mean pressures of 1 and 8 kg per cm2. 
The loading tests on the subbases were made prior to laying the base materials, 
and gave values of k40 (diam, o f bearing plate 80 cm) ranging from 1 1  to 19 kg 
per cm3. The loading tests on the finished bases were performed at four points 
on each test road section; all gave high values of k40. A fter making holes in 
the bitumen-stabilised gravel layers of the sections having designs (6) and (7), 
loading tests were also carried out on the cement-stabilised sand and gravel 
layers. High values k40 were also observed in these cases. The values k40 for 
pavements which contained cement-stabilised layers, i.e., 68 to 4 1, were con
siderably higher than those observed on pavements 38 to 2 1 which contained 
bitumen only.



Also before the new-built road section was opened to traffic, the Depart
ment made roughness measurements both in the longitudinal and the transverse 
direction. In the longitudinal direction, the measurements were made with the 
help of a towed tester designed and constructed at the Swedish Road Research 
Institute. In the transverse direction, the road surface was levelled at several 
cross sections at 10  cm intervals by means of a dial gauge, accurate to within
0.01.m m , in reference to a 5 m straightedge supported at the ends.

The Department intends to carry on repeated inspection, loading tests, and 
roughness measurements in order to ascertain the extent of any future damage 
in the form of shrinkage cracks, changes in bearing properties and changes in 
the evenness of the road.

In a related project, the Department has made loading tests and taken core 
samples on another road built for the testing of bases; this road forms part 
of H ighw ay E 75 (form erly National Main Road No. 14) at Hålland. Its 
construction was undertaken on the initiative o f the National Swedish Road 
Board, and was carried out by the County of Jäm tland Road Authority in 
the autumn of 19 6 1. It comprises the following test road sections, which are 
provided with bases 19 cm in thickness.

1. Graded low-strength slate gravel, stabilised with unslaked lime (mix-in- 
place).

2. Graded low-strength slate gravel, sabilised with pozzolana-lime mortar 
(mix-in-place).

3. Graded low-strength slate gravel, stabilised with cement (ready-mixed).
4. Prepacted, cement-grouted macadam.
5. Prepacted, pozzolanä-grouted macadam.

The loading tests on this road were again static load tests at a maximum load 
of 5 metric tons on plates 80 and 28 cm in diameter, performed at 52 points. 
A t 20 of these points, load tests were also carried out on the subbases through 
holes made in the bases. The values of k40 observed on the subbases ranged from 
9 to 22 kg per cm3. The values of k40 obtained on the bases exhibited a large 
dispersion over each test road section. The highest values of k40, 14 to 44 kg 
per cm3, were observed on the bases consisting o f cement-stabilised slate gravel. 
The values of k40 for the bases o f unslaked lime stabilised slate gravel of pozzo
lana-lime mortar varied from 12  to 30 kg per cm3, respectively. For the macadam 
bases where the binder was cement mortar or pozzolana-lime mortar, the values 
of k40 ranged from 20 to 28 kg per cm3. In the load tests on the conventional 
bases consisting of macadam 13 cm thick with 6 cm of Type IM 6t asphalt- 
grouted macadam, the observed values of k40 varied from 10 to 20 kg per cm3. 
The fact that the loading tests on the road sections provided with mortar- 
bound macadam bases did not give higher values of k40 can probably in a 
large measure be attributed to the circumstance that the macadam contains a 
considerable percentage o f flat aggregate particles, and that its composition 
is also in other respects such as to render difficult the penetration of mortar, 
as the examination o f the core samples has suggested.



The load tests were made in October 19 6 1. A  total of 48 of core samples 
were taken from the test road in November 19 6 1.

Investigations o f Concrete and Concrete Pavements.

A t the request of various Swedish State authorities, as well as several private 
bodies, the modernised concrete core sampler of the Institute was used for 
drilling 15 and 5 cm core samples, prim arily from concrete pavements but 
also from courses stabilised with cement or lime and from cement-bound 
macadam bases. A  total o f 648 core samples were taken for purposes including 
checking thickness, for determining the position of reinforcement, compression 
testing and general quality estimation in cases where, for example, the extent 
of penetration of cement mortar into the voids in macadam courses was to 
be determined.

The Road Foundation Department had made preliminary tests on the N o rr
tälje Road a short distance north of Danderyd Church in 19 6 0 -19 6 1, in 
order to study various road surface treatments for the improvement of the 
friction properties of concrete pavements. The four test areas were inspected 
in 19 61 — 1962, and their coefficients of friction were measured in Juni 1962 
by the Mechanical Department by means of one of the friction test vehicles 
of the Institute. The latest inspection showed that the changes in the surface 
texture caused by the treatments were now almost imperceptible, especially in 
those wheel tracks which had been subjected to the densest traffic. In the earlier 
friction measurements the best effect, even though it was slight, had been observed 
in an area coated with Epoxy Plastic and spread with quartz sand. N ow  it 
was found that the sand layer in this area had been worn o ff in patches, and 
in the wheel tracks completely. The coefficients of friction observed on the 
remaining Epoxy-coated surface were substantially lower than those of the 
untreated concrete surface.

Geological Department

Frost Research 

Frost Cracks

The crack-preventing effect of inverted, V-shaped, layers spread under the 
subbases of road pavements has been studied on a test road at örträsk , County 
o f Västerbotten. T w o sections of this road were provided with V-shaped 
layers. The depth of the V-shaped groove was 35 cm, reckoned as the vertical 
distance from the vertex of the V  to the end points of the legs of the V, which 
were situated right below the respective edges of the carriageway. The groove 
was filled with the original subbase material on the one test road section, and 
with bark on the other section. (The thickness of the bark layer at the centre 
of the road was 3 5 cm, and decreased to o cm at the edges o f the carriageway.)
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Fig. 6. örträsk 1961 Test Road. Variations in the road surface 
level across the road on the four test road sections during 
the period from the autumn of 1961 to March 5th, 1962.

A  comparison test road section was built ahead and behind these two re
constructed road sections, which were contiguous. The comparison road sections 
were provided with a new surfacing, but were otherwise left unchanged. Thus, 
the test road consisted o f the following sections:

Test Layer spread under the subbasesection No. 7 r

1 Plane-parallel gravel layer
2 V-shaped gravel layer
3 V-shaped bark layer
4 Plane-parallel gravel layer

Observations o f the temperature o f the air, the width of the road, the 
variations in the level of the road surface, the depth of frost penetration, and 
the ground water level were made on this test road during the frost season of
19 6 1-19 6 2 . Core samples were taken in order to determine the stratification 
of, and the moisture distribution in, the road pavement and the subgrade.

The vertical movements of the road surface, as seen in the transverse direction 
of this surface, are of special interest from the standpoint of crack formation. 
Fig. 6 represents the variations in the level of the road surface on the four test 
road sections.

As is seen from Fig. 6, the total frost heave (which is equal to the change in 
the level o f the road surface) varied from 5 to 16  cm. On the test road sections 
Nos. 1 and 4, which are provided with plane-parallel gravel layers, the frost 
heave was greatest in the central portion o f the road, and caused longitudinal 
cracks. On the other hand, the test road sections Nos. 2 and 3 were entirely 
free from cracks. On the test road section N o. 2, which is equipped with a 
V-shaped gravel layer, the road surface was heaved and at the same time caused



to slope in a transverse direction, but this happened in such a w ay that the 
carriageway retained its original camber. On the test road section No. 3, which 
is provided with a V-shaped bark layer, the camber was reduced, while the 
road surface was heaved and caused to slope in a transverse direction.

The results obtained on örträsk  Test Road clearly indicate that an inverted, 
V-shaped layer under the subbase and a road pavement of the type under test 
positively counteract longitudinal crack formation. The reason is that such 
crack formation is to be expected to occur when the original camber of the 
carriageway increases during the frost season, as was the case on the test road 
sections Nos. 1 and 4. On the other hand, if  the original camber remains 
unchanged or diminishes, as it did on the test road sections Nos. 2 and 3, then 
no longitudinal cracks can probably be formed in the road pavement. In fact, 
certain measurements which had been made on the road section Ersnäs-Bro- 
ängen, County of Norrbotten, showed that this assumption is correct.

Measurements of Depth of Frost Penetration in 
Various Road Construction Materials

In order to obtain field values of the depth of frost penetration in some road 
construction materials, measurements of the depth o f frost penetration have 
been carried out on three test roads, viz., Broängen 19 61 (gravel), Nordmaling B 
19 61 (morainic soil, moderately frost-susceptible), and Nordmaling A  1961 
(bark).

Broängen 19 61 Test Road has a bituminous surfacing and a base of standard 
quality gravel, which total 20 cm in thickness, as well as a subbase made of 
a material of a stony sandy-gravelly type, which increases in thickness along the 
road from 60 to 140 cm. Thus, the total thickness of road construction varies 
from 80 to 160 cm. The subgrade comprises the following strata reckoned in 
the order of sequence from the surface: peat, sandy silt (finmo) to light clay, 
and sand to silty sand (grovmo) to sandy silt. These strata vary  in thickness 
from about 10 to some 50 cm. This profile is underlain by morainic soil. The 
road is situated in a marshy area.

Nordm aling B 19 61 Test Road is provided with a bituminous surfacing and 
a standard quality gravel base, which total 40 cm in thickness, as well as with a 
subbase which is made of a moderately frost-susceptible morainic soil, and 
which varies in thickness from 40 to 120 cm. Thus, the total thickness of road 
construction ranges from 80 to 160 cm. The subgrade consists of silt in a 
marshy area.

Nordm aling A  19 61 Test Road has a bituminous surfacing as well as a base 
and a subbase consisting of gravel and sand, which total 80 cm in thickness. 
They rest on a bark layer, which varies in thickness from 20 to 50 cm. The 
subgrade consists of silt in a marshy area.

Fig. 7 reproduces the results obtained from the measurements of the depth 
of frost penetration. The strongly marked impeding effect produced by a bark 
layer on the frost penetration into the road pavement is clearly shown by the 
curve relating to Nordmaling A  19 61 Test Road. This curve seems to be in



Fig. 7. Broängen 1961 Test Road and Nordmaling A and B 1961 Test Roads. Freezing index, 
in degree-days, required for frost penetration through the pavements used on these roads and 

made of materials of various types. Values observed during the frost season of 1962.

Types of road pavements:
Broängen: Bituminous surfacing +  base gravel .........................................................  20 cm

Stony gravelly sand......................................   140 »
Nordmaling A: Bituminous surfacing +  base gravel and sand   80 »

Bark ............................................   50 »
Nordmaling B: Bituminous surfacing +  base gravel   40 »

Morainic soil, moderately frost-susceptible ............................................... 120 »

fairly  close agreement with the theoretical curve, which was calculated by 
means o f the Norwegian formula for depth of frost penetration. A  certain 
retarding effect on frost penetration was also produced by the morainic soil 
layer used on Nordm aling B 19 6 1 Test Road, as compared with the gravel 
layer on Broängen 19 61 Test Road.

Soil Temperature Measurements

In recent years, sheet steel culverts have been laid under roads in Sweden. 
Such a culvert can be damaged, and possibly deformed, by freezing o f the 
frost-susceptible soil around the culvert. When cold air enters the culvert, frost 
penetrates radially from the w all o f the culvert into the surrounding soil. In 
order to form an idea of the freezing process in such a culvert, temperature 
measurements have been made in and around a sheet steel culvert under the 
Umeå-Vännäs road. This culvert, see Fig. 8, is 45 m in length, and is used as a 
passage for a brook, Ripbäcken, under a road embankment, about 15 m in 
height. The culvert is 1.6  m in diameter. Soil temperature instruments o f a



Fig. 8. Culvert under the road Umeå-Vännäs, at Ripbäcken, Brännland. 
Location of soil temperature instruments.

Fig. 9. Soil temperature instrument.

special type, which project 1.4 m radially from the culvert into the soil, were 
designed and constructed for these measurements. In the design of these instru
ments, it was required that they might be let into the soil around the culvert 
through holes in the w all of the culvert, which should not exceed 20 mm in 
diameter. In this case, the distances between the temperature instruments and 
the receiving unit where readings are taken are relatively long (about 150  m). 
In order to ensure sufficient accuracy in remote measurements over these 
distances, it was decided that bead thermistors having a resistance of about 
6,000 ohms should be used as temperature transducers. The thermistors were 
stabilised and calibrated in the laboratory, and were then fitted in the 
temperature instruments. Each temperature instrument consists of a plastic tube, 
1.4 m in length and 18 mm in external diameter, see Fig. 9. This tube contains 
five thermistors, which are uniform ly distributed over the length o f the tube. 
Each thermistor is embedded in special glue, and is enclosed in a phosphor 
bronze sheet cylinder, 1 cm in length, which is slightly wider than the internal 
diameter of the plastic tube. When the cylinder containing the thermistor is 
pushed into the tube, the sheet metal wall of the cylinder is pressed against the 
wall of the tube so as to ensure close thermal contact. The leads from each 
thermistor are connected to a terminal box fitted at an end of the tube. Both 
the terminal box and the tube are attached to a wooden plate, which is screwed 
into the wall of the culvert. Furthermore, there is an additional thermistor, 
which, is fitted in this plate, and which is pressed by a spring directly against 
the wall of the culvert for measuring its temperature.
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Fig. io. Soil temperature distribution at the point of obser
vation No. 3 in the Ripbäcken culvert on six different days 
in the winter of 1961-1962.

A  longitudinal section of the culvert and the location of the temperature 
instruments are shown in Fig. 8. It is seen that a horizontal instrument and a 
vertical instrument are placed near the south opening of the culvert, a vertical 
instrument is situated midway between the midpoint of the culvert and the 
vertical instrument at its opening, and a vertical instrument is located at this 
midpoint. Moreover, instruments for measuring the temperatures of the air and 
the water are provided at the midpoint of the culvert and close to its south 
opening.

The complete results o f the measurements made in the winter of 19 6 1-19 6 2  
cannot be reproduced here, but they are exemplified in Fig. 10, which shows 
the soil temperature distribution at the point o f observation No. 3 on six 
different days. B y  examining these curves, it is found that the temperature of 
the outermost thermistor (at a distance of about 5 cm from the wall o f the 
culvert) early in February rose from about — 2 °C  to only about one tenth of a 
degree centigrade below zero. This was due to the fact that the openings o f the 
culvert were covered with considerable masses of snow at that time. The air 
entrapped in the culvert was therefore warmed, first, by the heat stored in the 
soil, and second by the water seeping on the bottom of the culvert. A t the end 
of April, the snow melted aw ay from the openings of the culvert, and the 
temperature began rapidly to rise. A  preliminary determination of the maximum 
depth of frost penetration (reckoned from the w all of the culvert) in the winter



of 19 6 1-19 6 2  has been carried out, and its results are shown in Fig. 8. It  is 
seen that the maximum depth o f frost penetration reached its highest value at 
the midpoint of the culvert. This is due to the fact that the soil in this portion 
o f the road embankment had been warmed but slightly in the summer, viz., to a 
few tenths o f a degree centigrade above zero. This temperature was observed at 
a point situated at a distance of 1 m from the w all of the culvert. For com
parison, it may be mentioned that the temperature instrument No. 3, located 
m idway between the midpoint of the culvert and the instrument at the opening 
of the culvert, indicated in the late autumn a temperature o f about +  3 °C  at 
the same distance from the wall of the culvert. Accordingly, the depth of frost 
penetration at this point was smaller than at the midpoint o f the culvert.

Chem ical Soil Stabilisation 

Soil Stabilisation with Lime

Tests dealing with the stabilising effect of lime on soils had been started in 
19 6 0 -19 6 1. They were to a certain extent continued in 19 6 1-19 6 2 . Some of 
these tests were undertaken in order to study the variation in strength with the 
curing time. The tests in question were performed on a stiff clay (SV 50101)  
with the addition of 4 per cent of C a(O H )2 or 0.4 per cent of N a4P 20 7. The 
latter admixture was used for the purpose of making a comparison with a 
dispersing agent. Test Series A  aimed at the same initial strength (a relative 
strength index of 12  in the cone penetration test), while Test Series B aimed at 
the same initial moisture content (about 55 per cent), see Table 1.

A t the same relative strength index (about 12), the quantity of water that can 
be bound in clay was about 75 per cent in the clay stabilised with lime, a good 
50 per cent in the non-stabilised clay, and a good 40 per cent in the.clay with 
the addition of dispersing agent. A t the same moisture content (about 55 per 
cent), the relative strength index of the lime-stabilised clay was about 5 times 
as high as that of the non-stabilised clay, whereas the relative strength index of 
the dispersed clay was extremely low. These statements refer to completely 
remoulded samples.

During the curing period, when the evaporation of water is prevented, the 
clay is consolidated in the course of time, as is seen from Fig. 1 1 .  The great

Table 1

Material

Test series A Test series B

Relative
strength
index

Moisture 
content, 
per cent

Moisture 
content, 
per cent

Relative
strength
index

Clay +  4 per cent of Ca(OH)2 . . 12.2 73-9 53-3 57-2
Clay +  distilled w a te r ................... 10.8 58.9 58.9 10.8
Clay +  0.4 per cent of Nad^O?. . 12.5 41.2 59-4 0.5



^  C u r i n g  t ime, hours

Fig. i i .  Effect of the curing time on the strength of a stiff clay (SY 50101) with the addition
of 4 per cent of Ca(OH)2 or 0.4 per cent of Na4P2C>7.

increase in the strength of the lime-stabilised clay is brought out in a marked 
manner, particularly if  we compare the samples having approximately equal 
moisture contents. Thus, the relative strength index of the above-mentioned 
clay increased during 4 months from 57 (very soft clay type) to 970 (dry crust 
clay type), whereas the corresponding increase in the strength o f the non
stabilised clay was from about 1 1  to 3 6, and that of the dispersed clay from
about 0.5 to 12 . On the other hand, i f  we compare the samples having the same
relative strength index, then we find that the greater rate of consolidation of the 
lime-stabilised clay is brought out not quite so markedly but nevertheless 
clearly enough, see Fig. 1 1 .

Dust-Laying Agents

In connection with the above investigations concerning chemical soil stabi
lisation, a study was also made of the stabilising effects produced by some dust- 
laying agents (calcium chloride, sulphite liquor) on mixtures of finegrained crushed 
stone and clay. For this purpose, a stiff clay (SV 50039) and finegrained crushed 
stone (SV 50094) passing a 0.5 mm sieve were mixed in the proportion by weight 
of 1 part o f clay to 2 parts of finegrained crushed stone. Varying amounts of 
stabilising agents were added to this mixture. The mixture obtained in this w ay 
was used for making test specimens, which were dried for 24 hours at room temper
ature, and then for 5 hours at 50°C . A fter that, they were employed for determin
ing the cleavage strength. The results of these tests, which are represented in Fig. 12 , 
show that the cleavage strength increased as the sulphite liquor content became 
higher, whereas the clevage strength decreased as the calcium chloride content 
increased. This was probably due to the fact that the sulphite liquor produces 
a dispersing action on the clay particles, with the result that they can be com
pacted more closely, and can be linked together more effectively, than in the 
presence of calcium chloride, which exerts a flocculating action on the clay 
particles. In order to investigate this effect further, analogous tests were made 
with a strong dispersing agent, sodium pyrophosphate, and a strong flocculating 
agent, slaked lime. As is seen from Fig. 12 , the respective effects o f these two
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Fig. 12. Relation between the cleavage strength 
and the amount of stabilising agent added to a 
mixture of i part of stiff clay (SV 50039) to 
2 parts of finegrained crushed stone (SV 50094) 
passing a 0.5 mm sieve.

per cent o f

agents on the cleavage strength are similar to those of sulphite liquor and 
calcium chloride. In addition, the great increase in the cleavage strength caused 
by sodium pyrophosphate shows that the increase in the cleavage strength 
produced by sulphite liquor, or its effect as a binder in a dried mixture of clay 
and finegrained crushed stone, is prim arily a consequence of the dispersing 
action of sulphite liquor, and not a consequence of the fact that sulphite liquor 
acts as a glue. The last-mentioned effect is probably very slight, at any rate at 
the low sulphite liquor contents which were used in these tests.

The tests 011 mixtures of finegrained crushed stone and clay were carried out 
at a constant percentage o f stabilising agent (1 per cent), but at a varying clay 
content. Fig. 13  shows that the cleavage strength increased as the clay content 
became higher, particularly in the cases where use was made of the two dispers
ing agents, viz., sulphite liquor and sodium pyrophosphate. This shows how im
portant it is to ensure that a gravel road surfacing shall have a sufficiently high 
clay content when sulphite liquor is employed as a dust-laying agent.

Investigations o f Rock Materials 

Flakiness and Brittleness

Investigations have been made in order to study those variations in the 
coefficient o f flakiness and in the coefficient of brittleness which occur when 
rock materials o f various types are mixed together. For this purpose, a rock 
material having a high strength (gabbro) was mixed with a rock material 
having a lower strength (phyllite or marble) in different proportions. Figs. 14 
and 15 represent the results obtained from these tests. It  is seen from these
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Fig. 13. Relation between the cleavage strength 
and the clay content after the addition of a 
constant percentage (1 per cent) of stabilising 
agent to different mixtures of stiff clay (SV 
50039) and finegrained crushed stone (SV 
50094) passing a 0.5 mm sieve.

Fig. 14. Variations in the coefficient of brittleness 
and in the coefficient of flakiness of mixtures of 
two rock materials, gabbro (SV 39861) and phyllite 
(SV 39866), in different proportions.

Mix p ro p o rt i o ns -

Fig. 15. Variations in the coefficient of brittleness 
and in the coefficient of flakiness of mixtures of 
two rock materials, gabbro (SV 36923) and marble 
(SV 36989), in different proportions.

Mix p r o p o r t i o n s



Fig. 1 6. Relation between the coefficient of brit
tleness of various rocks and the quantity of rock 
material remaining as a coherent mass in the cy
lindrical mould after crushing in accordance with 
the standard testing method.

results that the coefficient of brittleness increased in both cases as the percentage 
o f the weaker rock material became higher, as was to be expected. It is 
furthermore seen that the admixture of phyllite increased the coefficient of 
flakiness, whereas the admixture of marble reduced this coefficient, as was 
likewise to be expected. H owever, this circumstance, as well as the increase 
in the coefficient of brittleness in both these cases, shows that this increase is 
prim arily dependent on the petrographic characteristics o f the rock materials, 
and less on the particle shape.

Moreover, these test results showed that incorrect values of the coefficient 
o f brittleness seem to be obtained from the determinations of the strength of 
rock materials composed o f rocks having widely varying petrographic character
istics. This appears likewise to be the case in determining the individual coeffi
cients of brittleness of rock materials of certain types. The cause of this 
phenomenon is not yet quite clear, but is probably bound up with the circum
stance that the particles of rock materials of certain types, when subjected to 
impacts for determination of the coefficient of brittleness, are to a greater or 
smaller extent made to stick together in the cylindrical mould so as to form a 
more or less firm ly coherent mass. In order to shed light on this question, the 
quantity of material which remained as a coherent mass in the cylindrical 
mould after the mould had been emptied was also determined in connection 
with the measurements o f the coefficient of brittleness. This quantity is brought 
into relation with the observed coefficient of brittleness in Fig. 1 6. It is seen 
from this graph that there exists a certain correlation between the coefficient 
of brittleness of the rock material and the quantity of material remaining as a 
coherent mass in the cylindrical mould. It is furthermore seen that, on the whole, 
for the rock materials under test, this quantity increased as the coefficient of 
brittleness became higher. As the rock particles were caused to stick together, 
the action of impacts during the test may be supposed to be different from that 
exerted on rock particles lying loosely in relation to one another in the cylindri
cal mould. A  value of the coefficient of brittleness that is too favourable 
is probably obtained when the rock particles are made to stick together in 
the cylindrical mould. In estimating the suitability o f a rock material for 
road construction purposes, it is therefore necessary to make a petrographic 
examination of the rock material along with the determination o f its strength.



0.66

0.64
0.62
OJBO

Bohu s l än  g r a n i t e  
Non -un i f orm  p a r t i c l e  s i z e

B l e k i n g e  gn e i s s  
Un iform p a r t i c l e  s i z e

Småland gr a n i t e  
Un iform p a r t i c l e  s i z e

2 . 0

Fig. 1 7. Relation between the coefficient of fric- 
Bohus län  g r a n i t e  tion observed on the sett-paved test road Tillinge-

R e l .n o n -u n i f o rm  p a r t i c l e  s i z e  r  °
Hovdesta and the average amount or wear of

..............................  rocks of various types tested in the road machine
of the Institute.4 .0

Mean va l ue  of the average  amount o f wear, mm

Polishability

When rock materials are subjected to wear, e.g. under the action of traffic, 
the surfaces o f the rock particles are polished to a certain extent. Various 
materials behave differently in this respect. Judging by the results obtained from 
the wear tests which have earlier been made on setts in the road machine of 
the Institute, and from the friction measurements carried out on the sett-paved 
test road Tillinge-H ovdesta, County of Uppsala, constructed in 19 4 1, a certain 
relation can be detected between the type o f rock material and its polishability. 
Setts of some of the types submitted to the above-mentioned wear tests had 
been used on some sections o f this test road, which have been exposed to the 
action of traffic for about 20 years. It is therefore possible to try to find a 
correlation between the results obtained from the wear tests and those o f the 
friction measurements. The rock materials included in the wear tests were 
divided into four groups according to the type of rock and the amount of 
wear. I f  this is taken into account in grouping the values o f the coefficient of 
friction observed on the test road, then a certain correlation can indeed be 
detected between them and the values of the amount of wear observed in the 
road machine tests, as may be seen from Fig. 17.

Mechanical Department

V e h i c l e  S e c t i o n  a n d  M e c h a n i c a l  S e c t i o n  

Salt Treatment, etc., o f Ice and Snow on Roads

In connection with earlier investigations concerning friction between rubber- 
tyred wheels and road pavements covered with snow and ice, as well as methods 
of improving this friction, an investigation has been started in order to study 
the ice-removing effects o f calcium chloride, rock salt, and a mixture o f these 
salts under simultaneous action o f traffic. This investigation is made in the road 
machine of the Institute (described in Institute Bulletin N o. 69) A n  artificial 
sheet of ice o f a certain definite thickness, which is constant in all tests, is 
prepared before each test. Salt is spread on this ice surface, which is then subjected 
to traffic action produced by three of the wheels of the road machine. The 
condition of the ice is observed, and the percentage of ice-free area is determined



at different times in the course of the test. So long as the ice surface remains 
more or less smooth, the friction measurements are carried out by means o f the 
device described in Institute Report No. 40 A, p. 26. It  is intended to make 
tests on the salts of the above-mentioned three types spread in three different 
amounts per unit area at temperatures o f — i ° C ,  — 4 °C , and — 8 °C .

It would be desirable to be able to prevent snow and ice from adhering to 
road surfaces, instead of trying to remove layers of snow and ice by means of 
salt treatment or in some other w ay. Since some substances have a water- 
repellent effect, it might be supposed that ice would not freeze so hard to a 
road surface which has been treated with such a substance. Some test slabs 
representing road surfacings were coated with Inipol 0 .0 .2  and S.O .2 (dioleates 
o f fat diamines), which are water-repellent, and then a layer o f water was 
allowed to freeze to ice on the surfaces o f these slabs. H owever, no differ
ence in the adhesion of ice was to be observed between treated and untreated 
test slabs.

Investigations of Sand Spreaders

The National Swedish Road Board has requested the Institute to make 
certain investigations regarding sand spreaders in order to collect more detailed 
information on the characteristics o f various types of spreaders. Eight different 
sand spreaders were placed at the disposal of the Institute for these in
vestigations.

The investigations in question are carried out as field tests on roads, where 
several test sections, up to 1 000 m in length, have been measured and marked 
out for this purpose.

The sand to be used for these tests was mixed with rock salt in the ratio of 
25 kg per m3 of sand, and was then stored up. The salt was added to the sand 
with a view  to reducing the variations in the properties of the sand due to 
varying temperature conditions during the relatively long test period. In order 
that it might be possible to study the effects produced by different grades of 
sand on spreader performance, two grades o f sand, viz., a finer and a coarser 
grade, have been procured. Furthermore, tests w ill also be made on a third grade 
o f sand, which is still finer.

Several test runs were carried out with each sand spreader so as to determine 
the effects produced on the relation between the quantity of sand spread per 
kilometre of road length and the speed o f the sanding lorry by the setting of 
the sand spreader and by the angle of tilt o f the dump body of the lorry, as well 
as by the use of the above-mentioned grades of sand. The quantity of sand 
spread per kilometre was calculated as the ratio of the quantity of sand 
discharged by the spreader in a given time to the distance travelled in the same 
time. The quantity o f sand discharged by the spreader was determined by 
volume measurements when refilling sand into a defined space which had been 
completely filled from the outset. The test runs were made at 4 speeds, viz., 
10, 20, 30, and 40 km per hour, and at 4 different settings of the spreader. In 
most test runs, the angle o f tilt o f the dump body of the lorry was 30 degrees,



but a small number of runs was also performed at an angle of 3 6 degrees with 
each spreader. The various spreaders were set in such a w ay that the quantity 
o f sand spread per kilometre was, first, as small as possible, and then increased 
to about 0.2, 0.4, and 1.5 m3 per km at a speed of 30 km per hour and at an 
angle of tilt o f 30 degrees when use was made of the finer grade of sand.

Sand samples were taken from each cartload o f sand for determining the 
grading curve and the moisture content in the laboratory. Moreover, frequently 
repeated observations of air temperature, precipitation, wind, and cloudiness 
were made in the course of the tests.

The tests which have been carried out up to now showed that the relation
between the quantity of sand spread per kilometre and the speed of the lorry
varied considerably with the type of spreader.

In some spreaders, the quantity of sand spread per kilometre increases greatly 
as the speed decreases. It is true that some of these spreaders are equipped with 
devices for controlling sand discharge, which are fitted in the driver’s cabin, 
but the driver should not be made responsible for trying to adjust the spreader 
setting so as to adapt it to the variations in the speed of the lorry, because this
would interfere with driving. I f  one of these spreaders is set so as to supply
an appropriate quantity of sand at a given speed, then the sand consumption 
w ill be unnecessarily high when the sanding lorry must travel at a lower speed. 
On the other hand, if  the sanding lorry travels at a higher speed, then the 
quantity of sand spread per kilometre w ill be smaller than it is intended to be.

Some other spreaders, again, supply a quantity of sand spread per kilometre 
which is relatively independent o f the speed o f the lorry. This is of course an 
advantage since it renders sanding more economical and increases traffic safety.

In addition, the tests showed that the characteristics of sand have a great 
influence on the quantity of sand spread per kilometre.

Friction Investigations on R oad Pavements

The friction investigations on road pavements which are reported in what 
follows were carried out by means of the Institute’s friction test vehicle No. 5 
(described in Institute Reports Nos. 37 A  and 40 A).

The studies o f the seasonal variations in the coefficient of friction on asphalt 
and concrete pavements which had been started in 1959 were also continued 
during the financial year 19 6 1-19 6 2 . Just as before, the measurements were made 
at intervals o f 2 to 3 weeks on a motorway near Stockholm during the season 
when the road surface was not covered with snow and ice.

In discussing the results obtained from the above-mentioned investigations and 
from the investigations of the frictional properties of concrete roads made by 
the Institute (see Institute Report No. 39), it was deemed necessary that the 
frictional properties of the pavements differing in composition should be studied 
at regular intervals during a relatively long period of time. Nine road sections 
provided with different pavements were selected for this purpose. Originally, 
it was intended that the friction measurements on these road sections should be 
made once a month, but it was not possible to carry out this programme com



pletely because the friction test vehicle No. 5 was needed for other uses. These 
measurements have been started, and w ill be continued during the financial 
year 19 6 2-19 6 3.

Friction measurements have also been made on two test roads near Stock
holm. Each o f these roads is provided with six different pavements, and the 
pavements on both these roads are identical. These pavements had been con
structed under the supervision of the Road Surfacings Department of the 
Institute by two different contractors. It  was intended that these pavements 
should be similar in character to some o f the pavements whose frictional pro
perties were to be studied at regular intervals during a comparatively long 
period of time, as has been stated in the above. In  addition to routine measure
ments of friction on watered road surfaces at speeds o f 20, 40, 60, and 80 km 
per hour, friction measurements were likewise carried out without watering in 
the winter-time on these road sections in order to find out whether pavements 
o f different types differ in risks of slipperiness due to hoar frost or rime frost 
formation, precipitation, or melting of snow and ice. The latter measurements 
were made only at a slip o f 17  per cent. The results o f the friction measurements 
are still in process o f evaluation. These measurements will to a certain extent 
be continued during the financial year 19 6 2-19 6 3.

Study of R oad Surface Structure

In connection with friction investigations on road pavements, it is desirable 
to be able to determine the roughness of the road surface. A  summary has 
therefore been prepared of those methods used for this purpose which have been 
described in the foreign literature. These methods can be divided into destructive 
and non-destructive. The non-destructive methods include, for instance, 
photography, impressions taken from surfaces, and profile measurements.

Prelim inary photographic tests have been made in order to evolve a standard 
method for facilitating comparisons between different surfaces. Some tests have 
been carried out with stereophotography. B y  applying photogrammetric methods 
to stereophotographs, it is possible to obtain section profiles and contour lines.

Tests have been performed in co-operation with the Road Surfacings 
Department with a view  to producing an appropriate material for taking 
impressions from road surfaces.

Friction Investigations, etc., on Roads in W inter

When motor vehicles move in the winter-time on roads covered with slushy 
snow, the rolling resistance constitutes a considerable portion of the total 
resistance to motion. The rolling resistance o f a pneumatic-tyred wheel on a 
road surface varies norm ally from 1 to 3 per cent of the wheel load, but can 
increase to more than 30 per cent of the wheel load when the road vehicle 
moves in a layer of slush, 80 mm in thickness. This circumstance is extremely 
important in air fields because the aircrafts cannot take o ff if  the rolling 
resistance on the runway pavements is too high.



Slush

Coefficient 
of rolling 
resistance

Coefficient 
of friction 
at a slip of 
20 per cent

Coefficient 
of friction 
at a slip of 
100 per cent

RemarksDepth 
of layer, 
mm

Weight 
per unit 
volume, 
kg per dm3

0 __ _ 0.04 0.87 0.64 Wet asphalt
36 0.79 0.19 0.14 °*33
61 0.80 0.31 0.08 0.45
83 0.75 0.28 0.18 0.48

Investigations dealing with the rolling resistance and with the brake 
performance of vehicles moving in slush have been undertaken at the request 
o f the National Swedish Board of C ivil Aviation. The measurements forming 
part of these investigations were made by means o f the Institute’s friction test 
vehicle No. 3, which has been described in Institute Report No. 3 6. This test 
vehicle is suited for measurements of the kind in question. Furthermore, the 
friction test vehicles Nos. 2 and 6, which belong to the Board of C ivil Aviation, 
and which had also been designed and constructed at the Institute, were used 
to a certain extent for comparisons.

Table 2 reproduces an extract from the results o f these tests, and shows the 
variations in the rolling resistance and in the coefficient of friction with the 
depth of the slush layer.

In recent years, road vehicle tyres provided with sintered-carbide-tipped 
studs have begun to come into use to an increasing extent. The purpose o f these 
studs is to improve the grip of the tyres on the road surface in the winter-time. 
Steel inlays and studs have form erly been employed for the same purpose, but 
their resistance to wear was found to be much too low. In the investigations 
made by the Institute in i960 in order to study winter tyres and anti-skid 
devices (see Institute Report No. 36), sintered-carbide tipped studs had also been 
tested, but new types o f these studs have since been evolved. A t the present 
time, three different makes o f studs are in the main predominant on the 
Swedish market. They differ from one another in design and in the method 
of attachment, but it m ay be assumed that they act more or less in the same 
w ay from a friction point o f view. However, they may be supposed to be 
somewhat dissimilar on account of differences in the recommended number of 
studs per tyre.

The Institute deemed it necessary to carry out investigations concerning the 
frictional characteristics of tyres provided with sintered-carbide-tipped studs 
on road surfaces with and without ice and snow covering.

Preparatory tests dealing with studded tyres on road surfaces covered with 
ice and snow were made during the winter of 19 6 1-19 6 2 . These tests showed



the same tendency as before, viz., that the friction was improved in some 
measure, but not very considerably. The tests in question w ill be continued 
during the financial year 19 62— 1963.

Ef fect  of  Coefficient o f Friction on Brake 
Perform ance of R oad Vehicles

In the Division of Technology of Vehicles, R oyal Institute of Technology, 
Stockholm, random tests on brake systems of road vehicles have been made in 
August and September i960 by means of a brake-testing installation which has 
been designed in the Division. These tests were carried out on 800 road vehicles 
which had been chosen at random for this purpose. Among other things, the 
distribution of the braking force between front and rear wheels was determined 
on all these vehicles. The results of these tests were further analysed at the 
Institute so as to calculate statistical distributions of the maximum possible 
decelerating capacity in braking on various frictional surfaces. In  other words, 
this analysis determined that portion o f the observed coefficient o f friction 
which can be utilised in risk-proof braking without locking the wheels. These 
distributions of declerations served as a basis for a theoretical study o f the 
question whether and to what extent a visual examination of the wheel tracks 
produced in braking and o f the road surface in an area where a traffic  accident 
has occurred can furnish adequate information for determining the speeds at 
which the vehicles involved in the accident were moving immediately before 
the application of the brakes. This theoretical study w ill be supplemented with 
further random tests relating to direct measurements o f stopping distances. A  
manually operated measuring wheel equipped with instruments for accurate 
speed determination has been designed for this purpose. The results of these 
investigations w ill be presented in a separate report.

Preparatory Studies of D ynam ic Characteristics 
of R oad Vehicles

Single-vehicle accidents and accidents which occur while turning aside to 
steer clear of obstacles on the carriageway constitute a not inconsiderable 
percentage of the total annual number of more or less severe traffic accidents. 
In some of the accidents falling under these two categories, the dynamic 
characteristics of the vehicles are o f minor importance, e.g because the driver 
falls asleep or travels at such a high speed that the requisite steering forces 
obviously exceed the available frictional forces. However, it is probable that 
there remains a substantial number o f accidents caused by undesirable character
istics of the vehicles which do not manifest themselves in normal driving. It is 
therefore of special interest to ascertain the effects of those changes in the 
vehicle which the driver himself can cause more or less unconsciously, viz., 
displacements of the centre o f gravity due to loading as well as alterations in 
the inflation pressure and in tyre equipment. The smoothness of the road surface 
and the shape o f the curves also have an influence on the w ay o f driving a



vehicle. In order to be able to solve the above-mentioned problems, it is 
necessary to carry out extensive researches so as to acquire a thorough knowledge 
o f the dynamic behaviour of vehicles in motion.

Researches dealing with the dynamic characteristics of road vehicles were 
started at the Institute in 19 6 1. In this connection, it was found that experi
mental data on the most important vehicle parameters were to a great extent 
not available even for vehicles of the most common types. Therefore, the 
Mechanical Department designed and constructed its own equipment for 
determining the centre of gravity and for measuring the moment of inertia 
about a vertical axis passing through the centre of gravity of a vehicle.

This equipment was used for determining the centres of gravity and the 
moments o f inertia in some ten relatively new road vehicles of various types. 
Moreover, the elasticity of the steering gear, i.e. the spring constant o f the 
transmission system between the steering wheel and the front wheels, was 
determined on three vehicles which were fundamentally different in character. 
It  proved to be very difficult to collect the requisite data on tyres. The Institute 
should therefore purchase a test installation for tyre testing so as to make it 
possible to check the development in this field. In order to obtain further basic 
data for the theoretical studies, motion pictures were taken so as to show how 
the steering wheel was handled in turning curves, and thus to provide realistic 
steering functions. In addition, tests on a model scale were carried out with a 
view  to determining the air forces (air resistance and side wind) as well as the 
moments due to these forces acting on vehicles of some common types.

The theoretical studies of the dynamic characteristics of road vehicles were 
partly based on a German investigation dealing with the directional stability 
of vehicles1, which was regarded as the most suitable point o f departure for 
further devlopment. In this investigation, the systems set up by the author were 
prim arily employed in order to deduce the conditions of stability, and to find 
out how the directional stability is influenced by different parameters. The 
simplifications made in the above-mentioned paper were accepted for the 
introductory studies using a manual solution with the help of the Laplace 
transformation. These studies dealt with the behaviour of the vehicles under the 
action of a simple steering function. The system under consideration was then 
adapted to treatment by means of an analog computer, and this made it 
possible to abandon the linearisations which had been necessary for the manual 
solution. In choosing between analog and digital techniques, it was found that 
the analog technique was most suited for this purpose. It offers greater 
possibilities of rapid alteration of input data, and is simpler to extend succes
sively as required.

The vehicle is regarded as two rigid bodies, viz., the principal mass of the 
vehicle and the front wheels. These bodies can be rotated with respect to each 
other about a vertical axis with elastic moment transfer. Three equations of 
equilibrium were deduced for determining the motions of these two bodies. The

1 S. Böhm: Ober die Fahrtrichtungsstabilität und die Seitenwindempfindlichkeit des Kraft- 
wagens bei Geradeaus-Fahrt. ATZ, Vol. 63 (1961), No. 5.



first two o f these equations apply to the principal mass of the vehicle, and the 
third relates to the front wheels.

1. J g ij> =  M(S) +  B S +  B , +  K L(0U -  fii) +  M 12

2. m vTP(if> 4- a) =  K iya —  2  S.y

3- 2Ja Pu =  n(Si +  S2) +  Bi +  B2 +  K l(/}u — fa)

1 . Equation o f equilibrium for the torsional moment about the centre of gravity 
o f the vehicle.

J z — Moment of inertia o f the vehicle about a vertical axis passing
through the centre o f gravity 

ip =  Angular acceleration of the vehicle about the centre o f gravity
M(S) =  Resultant moment about the centre of gravity due to the lateral

forces
B3> B± =  Restoring moments due to the rear wheels
K l(Pu — Pi) ~  Moment due to the steering gear
M 12 =  Moment due to air forces

2. Equation o f equilibrium for the forces acting at right angles to the vehicle.

mvpp(pp +  a) =  Centrifugal force
Kiy a =  A ir force
2 S.y =  Cornering forces

3. Equation of moments for the front wheels.

pu — Angular acceleration of the front wheels
2J a — Moment of inertia o f the front wheels
n(S1 +  S2) 1=3 Restoring moment due to the trail
B ii B 2 — Restoring moments due to the front wheels
K l (Pu — Pi) ~  Moment due to the steering gear

When these differential equations are solved by means of an analog com
puter, the mechanical quantities entering into them are converted into the 
analogous electrical quantities. The results are obtained in terms o f voltages,
which are recorded with a grapher. The circuit diagram of the analog system
is shown in Fig. 18. In the main, this system is subject to the following 
limitations: the road surface is assumed to be plane and horizontal, the speed is 
assumed to be constant, the angular deviations are supposed not to exceed 20 
degrees, and the cant is assumed to be negligible.

The system outlined in the above is well suited for successive extension with 
a view  to eliminating these limitations. H owever, it was considered well justified 
to postpone this extension seeing that this was the first application o f a new 
technique. It  was therefore desirable that some experience regarding the 
reliability in operation o f the different variant circuits, and other problems met



Fig. 1 8. Analog circuit for simulating the dynamic behaviour of road vehicles.



with in connection with the trimming o f a new system, should be gained before 
it is rendered too intricate.

It  was found that this first basic circuit worked excellently, and introductory 
studies were carried out on vehicles o f various types so as to investigate the 
effects produced by the characteristics of the tyres in turning curves and in 
overtaking. The consequences o f punctures of tyres on different wheels were 
also studied. The results of these studies were closely in agreement with what 
was to be expected, judging from more simplified theories which had been 
published before and from practical experience.

Thus, as was found from these studies, when the combinations o f tyres were 
such that the cornering forces per degree of angular deviation o f the rear wheels 
were smaller than those o f the front wheels, the vehicles became unstable and 
difficult to control. On the other hand, when the combinations o f tyres were 
such that this relation was reversed, the directional stability of the vehicles was 
improved, and the vehicles in extreme cases became very inert to changes in 
direction.

When the vehicles were moving in curves, these studies showed, as was to be 
expected, that a puncture of the tyre on the outer rear wheel resulted immedi
ately in the loss of control over the vehicle, whereas a puncture o f the tyre 
on the outer front wheel caused the vehicle to increase considerably the radius 
o f the curve. The puncture of the tyres on the inner wheels resulted in the 
same tendencies as in the case of the respective outer wheels, although these 
effects were much smaller. Furthermore, these studies indicated that the manual 
control on the basis o f continuously recorded data which was used in the 
analog system should be replaced by automatic control o f some kind or other 
so as to eliminate uncontrollable variations in driver performance.

I n s t r u m e n t a t i o n  a n d  V e h i c l e  L a b o r a t o r y

Friction Test Vehicle (N o. 4) for Measurements 
at H igh Speeds

Previous annual reports o f the Institute contain information on the design 
and construction of a friction test vehicle for measurements at high speeds. 
A fter a delay due to other work, the electrical measuring equipment of this 
vehicle was completed in the financial year 19 6 1-19 6 2 . Except for trimming 
and calibration, the vehicle in question is now ready for use in friction measure
ments.

In the main, the above-mentioned electrical measuring equipment comprises 
transducers for measuring the frictional force and the instantaneous load acting 
on the test wheel, pulse emitters for the speed o f the test wheel, for the speeds 
o f the driving wheels, and for timing, amplifiers, filters, etc., for these emitters, 
as well as a grapher. The grapher has three channels for the measured quantities 
and four channels for the quantities expressed in terms of pulses. In other 
words, a spare channel of each kind is at present available for future needs.



The measuring equipment is provided with check devices which render possible 
rapid and frequently repeated checks 011 the stability and the accuracy of the 
measuring system.

A  detailed description of this friction test vehicle w ill be published in a 
separate report.

Friction Test Vehicles (N o. 6 and N o. 8) 
fo r Measurements on Runways

A  friction test vehicle (No. 2) designed and constructed at the Institute has 
been used by the N ational Swedish Board o f C ivil Aviation since the winter 
of 19 56 -19 57  for friction measurements in the winter-time on the runways of 
the Bromma A ir Port. This test vehicle is a trailer which is hauled by a lorry. 
The method o f measurement employed in this test vehicle enables the friction 
to be measured continuously over the whole length o f the runway. In addition, 
two other friction test vehicles (No. 6 and N o. 8), which utilise the same method 
of measurement, but have a lower weight, were designed and constructed in the 
course of the financial year 19 6 1-19 6 2  at the Institute (see below, under “ Design 
O ffice and Workshop” ).

A ll these friction test vehicles are provided with electrical control systems and 
measuring systems, and are therefore extremely simple to operate. The measuring 
system comprises an electrical measuring device which is actuated by the 
moment o f the frictional force acting on the test wheel. The measured 
value is transmitted to a potentiometer grapher, in which the magnitude of 
the coefficient o f friction can be read directly on a graduated paper strip 
chart. The paper strip chart drive is operated by the one of the outer wheels 
o f the friction test vehicle, so that the same length o f runway is always 
represented by the same length of the paper strip chart, irrespective of the 
speed of travel o f the vehicle.

The runw ay under test is usually divided into several sections, and the 
coefficients of friction observed in these sections are used for calculating a mean 
value. These mean values then serve as a basis for estimating the frictional 
characteristics o f the runway.

The measuring system is robust, and its stability and accuracy are so high 
that this system can be employed for measuring coefficients of friction in the 
range from o to 1 with a reproducibility of ±  0.01.

The electrical system is fed from two 12  V  lead-acid storage batteries having 
a capacity o f 7 1 Ah, which are connected in series. The equipment of the 
friction test vehicle includes a charger for maintenance charging of these storage 
batteries by connecting them to the supply mains.

The control system and the measuring system of the friction test vehicle are 
operated by means of a control device, which is placed in the driver’s cabin 
of the traction lorry. Accordingly, the friction measurements can be made by 
the driver unassisted.

Since these friction test vehicles are also well suited for routine measurements 
on roads, the Institute has procured a No. 8 vehicle for its own use.



'Various Equipments

Some research work has been carried out on scanning of speed recorder graphs 
with the help of photo-electric cells.

The Institute has previously supplied to the National Swedish Road Board an 
electronic scale equipment for measuring the axle loads of vehicles in motion. 
This equipment, which has been in continuous use for more than a year, was 
now completely overhauled and checked, and some details were altered. A  
complete technical description of the scale equipment (31 pages of text and 67 
pages o f illustrations) was prepared for the Road Board.

The road machine o f the Institute was provided with two new systems for 
temperature measurements and a new system for friction measurements.

The work on an electrical measuring system for a compaction meter to be 
used in the Road Foundation Department has been started, and is expected to 
be completed in the summer of 1963.

The equipment for travel time studies employed in the T ra ffic  Department 
was overhauled and improved. Among other things, a new film feed mechanism, 
Fig. 19, was designed and constructed in order that the motion picture cameras 
forming part of this equipment may be used for taking repeated stills.

D e s i g n  O f f i c e  a n d  W o r k s h o p

During the financial year 19 6 1- 19 6 2 , the Design O ffice has designed some 
supplementary accessories to be used in conjunction with the field equipment 
for static-dynamic tests which had previously been purchased by the Road 
Foundation Department (this equipment has been described in Institute Report 
N o. 40 A). These accessories comprice an additional hydraulic jack for raising 
and lowering the loading jack and the bearing plate to the requisite working 
level, gauge beams for deformation measurements, a device for locking the 
springs o f the trailer under load, and various auxiliaries for facilitating the 
performance of the loading tests.

Design work has been started on equipment for a lorry to be employed in 
loading tests up to 6 metric tons. The experiences concerning an earlier equip
ment o f similar kind were utilised in this work. It  is intended to automatise 
this equipment so far as possible so that the loading tests may be made by a 
single operator.

Design work is in process on a device to be used in conjunction with the road 
machine o f the Institute for measurements of friction between a test wheel and 
the road surface at a varying slip (in the range from o to 30 per cent) and at a 
slip o f 100 per cent. The highest load that can be applied to the test wheel will 
be 300 kg.

A  universal drop hammer driven by an electric motor has been designed. This 
hammer w ill be employed, first, for compaction o f samples o f pavement 
materials, second, for compaction of soil samples in the standard and modified 
Proctor impact compaction tests, third, for compaction of soil samples in the



Fig. 19. Supplementary equipment for taking stills 
with a Type H 16 M Paillard-Bolex 16 mm motion 
picture camera.

determination of the California bearing ratio (CBR) and the modulus o f elas
ticity, and fourth, also for crushing rock materials in the determination o f their 
brittleness.

A t the request of, and in co-operation with, the National Swedish Board of 
C iv il Aviation, a friction test vehicle, No. 6, was designed for routine meaure- 
ments of friction on runways. This vehicle has a test wheel with a 5.90— 15 tyre 
and two carrying wheels with 7.50— 16  tyres. The wheel load is 300 kg. The 
total weight of the vehicle is about 1,10 0  kg, of which 65 kg is carried by the 
traction lorry. This vehicle shall be hauled by a light lorry.

In the United States, a special tyre for friction measurements, “ Pavement 
Test Standard T ire” , has been standardised by the A ST M . The size of this tyre 
is 7 .50 -14 , and it shall have a wheel load of 1.085 lbs (492 kg). For this reason, 
the design of the friction test vehicle N o. 6 was modified so as to be adapted 
to this tyre. This modified design is known as the friction test vehicle No. 8. 
Since the latter type of test vehicle has attracted attention in other countries, 
a contract has been made, with the permission of the Swedish Government, 
between the Institute and A B  Auto-Products, Stockholm, for manufacture and 
sale of this vehicle to foreign countries. The friction test vehicle No. 8 is shown 
in Fig. 20.



Fig. 20. Friction test vehicle No. 8 for continuous measurements of the coefficient
of friction on runways.

Traffic Department

T ra ffic  Studies M ade in Connection with Tem povary 
Speed Restrictions

During the period from December 22nd, i960, to January 9th, 19 6 1, and in 
the course o f 19 6 1, the Institute carried out traffic studies in connection with 
temporary speed restrictions. The results of the studies made during the 
Christmas season 19 6 0 -19 6 1 and the Easter season 19 61 have been presented in 
Institute Report N o. 40 A. The results of the subsequent studies are briefly 
summarised in what follows.

T ravel Time Measurements

Measurements were made on E 4 Road in order to determine the effect of 
the traffic flow  on the travel speed of private cars on Sundays and holidays. 
Some results of these measurements show that a slight trend towards a decrease
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Fig. 21. Distributions of speeds of private cars at a point of observation on E 4 Road during 
the period from May to September 1961.

in the travel speed with an increase in the traffic flow  was to be observed on 
these days both in the presence and in the absence of a speed restriction.

When the speed limit was 90 km per hour, the average speed of private cars 
in all measurements (including those made on weekdays) was found to be 3 to 5 
km per hour lower than it was during periods of unlimited speed. As the average 
travel speed o f these cars was about 70 km per hour, this corresponds to a 
reduction of 4 to 7 per cent in the travel speed, and hence to an equivalent 
increase in the travel time.

On County Road N o. 28 1, the average travel speeds of private cars were 
equal in the presence and in the absence of a speed restriction. The speed in 
question on this road, which has a lower standard than the National Main 
Roads, was about 6 5 km per hour. Since the traffic flow  was small, 30 to 100 
vehicles per hour, the travel speed was probably determined by the road 
standard alone.

Spot Speeds and Queues

In connection with these travel speed measurements, the spot speeds of 
successive vehicles and the time intervals between these vehicles were determined 
at the end points and at the centres of straight level road sections. The distri
butions of the spot speeds of free-moving private cars on E  4 Road are shown in 
Fig. 2 1 . (The term “ free-moving private cars”  is used to designate the private 
cars whose drivers can be considered to be unhampered by other traffic, and 
are free to choose their w ay of driving.) This graph reproduces the results of 
several measurements made on dry roads during the period from M ay to 
September 19 6 1. The results relating to days before holidays are not included. 
It is seeen that the effects o f speed restrictions on weekdays were greater than 
on holidays.

The effect produced by a speed restriction on the mutual adaptation of 
speeds of successive vehicles is of great theoretical interest from a traffic safety 
standpoint. This effect is illustrated by the results o f measurements shown in 
Fig. 22.
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Fig. 22. Speed of private cars and the difference in speed between successive private cars or 
private cars and other vehicles ahead as functions of the time interval between the private car

and the vehicle ahead.

This graph represents the average numerical value of the difference in speed 
between successive private cars or private cars and other vehicles as a function 
o f the time interval between them. The values of the difference in speed plotted 
in this graph are slightly higher than the actual values because the speed was 
recorded in several ranges (20 to 30 km per hour, etc.). Since the speeds o f the 
vehicles were recorded in one line o f traffic only, these data do not include 
the overtaking vehicles. Previous studies indicate that the exclusion of the latter 
vehicles influences the difference in speed in the main only when the time 
interval between successive vehicles is shorter than 2 sec.

It  is seen from Fig. 22 that the difference in speed during speed limit periods 
is smaller than when the speed is unlimited. In weekday traffic, tnis effect is 
greater than in holiday traffic. Theoretically speaking, the traffic safety in a 
stream of traffic where the average value of the difference in speed between 
successive vehicles is low may be expected to be greater than when this value 
is high. This graph shows that private cars following closely behind other 
vehicles (also lorries) in the absence of a speed restriction travelled at speeds 
which were on an average about 10  km per hour lower than when the time 
interval between these vehicles exceeded about 8 sec. This effect was somewhat 
less strongly marked during the speed limit periods.

Speeds in Various Regions of Sweden

In order that it might be possible to estimate the changes in speed of road 
vehicles in different regions of Sweden during a period when the speed was 
limited to 90 km per hour, speed measurements were made in 2 1 counties out
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Fig. 23. Spot speeds of free-moving private cars measured on straight road sections 
in various counties of Sweden.

of 24, at one point in each county. These measurements were made in conformity 
with the instructions given by the Institute, and were carried out by the State 
police with the aid of a radar speedometer on National Main Roads or County 
Main Roads of good standard, where the traffic density was high, at centres of 
straight level road sections, at least 500 m in length. The measurements were 
made in daylight, and the period of observation was at least two hours.

Fig. 23 represents the average spot speeds of “ free-moving private cars” , 
which are defined in this connection as private cars following one another in 
both directions of travel at time intervals greater than 5 sec. This graph shows 
the values o f the speeds in question observed in the different counties, which 
are arranged in a geographical order from north to south. Fig. 23 does not 
include the data which were obtained during periods of disturbing precipitation, 
such as a snowfall or a heavy rainfall, or the values which related to a bad 
condition o f road. The criteria used in this connection were somewhat vague, 
and it was therefore sometimes difficult to characterise accurately the weather 
conditions during the periods o f observation. Consequently, it was not possible 
to classify the results of these measurements in a fu lly consistent manner. 
Fiowever, it was evident that even a slight precipitation, such as rain, or merely 
a wet carriageway caused a reduction in speed.

N o geographical trend is to be detected in the data on speeds during periods 
of limited and unlimited speed. This can im ply that the car drivers are equally 
fast in south and in north Sweden, other conditions being equal. During the 
speed limit periods, the speeds of the cars covered by the data which are 
presented in Fig. 23 were on an average about 7 km per hour lower than when 
the speed was unlimited. Moreover, the average speeds on Sundays were lower 
than on weekdays.



Study of Traf f i c  Accidents and T ra vel Times M ade in Connection  
with Local Speed Restriction

In November i960, a speed limit of 80 km per hour was imposed on a
section, 7 km in length, o f E  4 Road. This road section is characterised b y  a
high standard in respect of alignment and cross section. It is 7 m in width,
has an asphalt-surfaced carriageway, and is provided with verges, 2.5 m in 
width, surfaced with oiled gravel. The traffic accident frequency and the travel 
times were studied on this road section before as well as after the introduction 
of the speed limit.

T ra ffic  Accidents

The speed limit was introduced on November 26th, i960. The investigation 
under review dealt with the frequency of traffic accidents during the period 
from November 26th, 1956, to November 25th, 19 6 1. In the course of the four 
years prior to this speed restriction, the police reported 15 , 15 , 20, and 22 
traffic accidents, respectively, which involved motor vehicles, while only 7 
accidents o f this kind were reported during the year when the speed was limited. 
Thus, the number of accidents decreased during the speed limit period, whereas 
the amount o f traffic continued to increase.

Travel Time Investigations

For the travel time investigations, the road section under consideration was 
divided into two subsections. The results of these investigations do not indicate 
any distinct trend regarding the change in the travel times during the speed 
limit period. This can in part be due to the fact that, even when the speed was 
unlimited, the traffic on a greater portion of the road section under test 
prevented the drivers from keeping speeds which were above that fixed by the 
speed limit.

It was found that the coefficient of correlation (r) between the travel times 
on the two road sections assumed values in the neighbourhood of zero, positive 
or negative. Accordingly, if  the travel time of a vehicle on a road section is 
known, then this does not mean that the travel time o f the same vehicle on 
an adjacent road section in a traffic flow  of this order of magnitude can be 
predicted with a considerably greater certainty than when the first-mentioned 
travel time is not known.

Effects of  Traf f i c  and R oad Design Characteristics 
on Traf f ic Accidents

In order to calculate the safety of traffic on roads at the stage o f planning, 
it is necessary to know as accurately as possible the effects produced by the 
design of roads, junctions, roundabouts, etc., by the traffic-controlling measures, 
as well as by the density and the composition of traffic in general on the 
frequency of traffic accidents varying in type and in degree of severity. N o
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Fig. 24. Variation in the accident frequency with the mean daily traffic on primary 
and secondary roads at road junctions.

statistics which give satisfactory information on the effects of traffic and road 
characteristics on traffic accidents are available in Sweden at the present time 
(see Institute Report N o. 40 A).

The Institute has therefore taken the initiative in carrying out an investigation 
concerning the technical prerequisites to, and the cost of, the collection of such 
statistics, which should be based on co-ordination of road, traffic, and accident 
statistics.

A t the suggestion of the Institute, the N ational Swedish Road Board is 
conducting tests with a view  to accurate recording o f places of accidents on 
National Main Roads by means of co-ordinates. Such records enable local 
accumulations o f accidents to be detected earlier and with greater certainty 
than this can be done to-day.

Traf f i c  Accidents at Road Junctions

The relation between the number of accidents at road junctions and the density 
of traffic is of fundamental importance in studying the traffic safety at road 
junctions. For instance, in the absence of such studies, it is not possible to 
ascertain more or less precisely the general effects of the road standard and the 
traffic-controlling measures on traffic safety.

A  study o f this relation has been made on the basis o f the data collected in 
the County of Göteborg and Bohus. These data cover the traffic accidents which 
have occurred during the period from 1957 to 1959 at 507 junctions of public 
roads in rural districts o f this county. The total number of accidents at these 
junctions was 234.

Figs. 24 a and 24 b show the relation between the average number o f accidents 
per year and the average daily traffic on the prim ary and secondary roads at



these junctions in 195 8. The ranges o f traffic flow  were formed in accordance 
with a geometric progression, partly in order to compensate for the large 
variations in the traffic flow  data.

As is seen from Fig. 24 a, the accident frequency increased m arkedly as the 
traffic  flow  became greater. However, the number of accidents was not 
proportional to the traffic flow, but increased at a lower rate.

Fig. 24 b shows that the traffic flow  on the secondary road had only a slight 
effect on the accident frequency. In other words, the accident frequency at the 
junctions where the traffic density on the secondary road was low was nearly 
as great as at the junctions with secondary roads where the traffic density was 
high.

These results may indicate that the junctions between secondary roads where 
the traffic flow  is small and roads handling relatively dense traffic should be 
designed so as to ensure a high safety standard. O f course, it also follows from 
these results that the number o f com paratively small crossroads should be 
reduced to a minimum. In order that this question may be examined more 
closely, the Institute intends that the studies o f the accident frequency at road 
junctions should also be continued in other counties of Sweden.

Behaviour of R oad Users at R oad Junctions, etc.

With a view  to studying the behaviour of motor vehicle drivers in various 
situations arising in places which are dangerous to traffic, e. g. at road junctions, 
the Department has started preparatory tests, in which use is made of a motion 
picture camera. To obtain the best view of such situations, the camera was 
mounted high above the ground level, on an easily movable tower scaffold, 
whose hight can be varied from 4 to 8 m, see Fig. 25. The pictures are taken 
with a 1 6 mm camera, which is specially designed for traffic studies. It can be 
used for stills, for series comprising a definite number of film frames taken at an 
adjustable speed, e.g. 2 frames per second, and for motion pictures. This camera 
can be operated by remote control. During each exposure, the time, in tenths 
o f a second, is also recorded on the film. The camera is operated either by an 
observer or by means of an automatic unit, which is controlled by one or 
several vehicles detectors stretched across the carriageway. I f  this equipment 
is operated by an observer, then he chooses the situations to be recorded. On 
the other hand, if  the camera is automatically controlled, then various conditions 
can be stipulated in order that a situation m ay be recorded. For instance, the 
vehicles may be required to cross each other’s directions of travel at a road 
junction in such a w ay that one of these vehicles must perform a definite 
manoeuvre, say, sudden braking or moving aside to steer clear of the other 
vehicle. Moreover, if  series of pictures are taken, then the film consumption 
w ill be small, and the cost of evaluation of the recorded data w ill be low. 
Accordingly, the periods of observation can be extended over long spaces of 
time.

These studies were started in 1962, and the method in question has so far 
been used for studies at two road junctions.



Fig. 25. Motion picture camera mounted on a 
tower scaffold.

Traf f i c  Accidents Due to Game on E  4 R oad

Measures for preventing traffic accidents due to game, e.g speed restrictions, 
can be taken if  the occurrence o f game is concentrated on certain definite, 
relatively short road sections. In order to find out how far these accidents are 
locally concentrated, the Institute is at present investigating the distribution of 
traffic accidents due to game along E  4 Road.

A  study has been made of accident maps and the annexed charts. These maps 
covered most of the counties o f Sweden, and the periods of observation varied 
from 1 V2 to 2 V2 years. The study in question dealt with the traffic accidents 
due to game which were included in these data.

This study showed that the traffic accidents due to elk were predominant, 
and that the vehicles were damaged almost without exception. O nly one accident 
was fatal.

As regards the local concentration, it was found that about half the total 
number of accidents occurred at a distance greater than 5 km from the place 
o f an earlier similar accident, and that only about 7 per cent o f this number 
happened at a distance less than 0.5 km from such a place. It is to be pointed 
out that the number of accidents occurring near the place o f a previously 
recorded accident increases, and a greater number of areas o f local concen
tration of accidents is discovered, as the period of observation becomes longer. 
The results of the study under review indicate that comparatively big game use 
a great number of trails for crossing roads in large regions of Sweden. The study



in question has not furnished any information to show whether these trails are 
permanent or whether their situations change in the course of time.

Judging by these prelim inary results, it appears justifiable to continue the 
studies under consideration so as to obtain further information on the frequency 
of local concentration o f accidents, and thus to render possible more efficient 
safety measures.

Measurements o f T rafficab ility

The concept of "trafficab ility”  has been discussed in detail in Special Report 
N o. 1 6, where "trafficab ility”  was tentatively defined in terms of the driver’s 
possibilities of reaching a desired speed (or travel time). Preparatory tests in 
the form of test vehicle trips have been made in order to find out whether the 
trips along a definite road section can be rendered reproducible, and to what 
extent various drivers differ from one another in this connection. In these tests, 
each driver was instructed "to keep a definite speed so far as the circumstances 
permit (“ desired speed” ), and to exceed this speed only instantaneously when 
overtaking” . The results of these tests were positive; in the tests made by three 
drivers on a road section, 1 6 km in length, without any interfering traffic, the 
maximum observed difference in travel time was 1.4 per cent after each driver 
had travelled along this road section twice at desired speeds of 60, 80, and 100 
km per hour (18 trips in all).

When the test trips were carried out in traffic, the variations in the travel 
time were greater. Under normal weekday conditions (low traffic density), the 
coefficients o f variation1 observed on a high-standard section of E  4 Road were
1 .1  and 4.9 per cent at desired speeds of 80 and 100 km per hour, respectively. 
The coefficients of variation observed on a narrower and more curved road 
section were 6.7 and 9.1 per cent at desired speeds of 60 and 80 km per hour, 
respectively.

A xle Load Measurements

Regional Variations in Mean Vehicle Weights

In previous Institute Report, descriptions have been given o f a method for 
estimating the sum of the vehicle weights B 'est. o f lorries in both directions of 
travel taken together when the numbers of vehicles in the various groups of 
vehicles passing a weighing site are known. The estimated sum of the vehicle 
weigthts is calculated from the equation

B'est. ~  n 1 b \  +  n 2 ~b'2 +  .....................................................................  (1)

where n \, n 2 i . . . =  the numbers of vehicles in the groups of vehicles 1, 2, . . .
passing the weighing site in both directions of travel during 
a certain definite period of time (these numbers are obtained 
from traffic counts).

1 The ratio of the standard deviation in the variable to its mean value.



Fig. 26. Map showing the regions of observation 
for axle load measurements.

&i> b '2, .  . . =  the mean vehicle weights in the groups of vehicles i, 2,
in both directions of travel in a certain definite geographic 
region (these weights are obtained from axle load measure
ments).

However, the applicability of this method presupposes that the mean vehicle 
weights (b ') do not vary  within excessively wide limits in space and in time.

The preliminary investigations which had been described in previous Institute 
Reports indicated that the mean vehicle weights at each weighing site in north 
and south Sweden d iffer relatively little from the mean value which is obtained 
when all weighing sites are taken together. A  similar estimate has now been 
formed for the whole of Sweden on the basis of the data obtained from the 
measurements which had been made in 19 61.

During the period from A pril to August 19 6 1, the N ational Swedish Road 
Board carried out axle load measurements at about 170  weighing sites, which 
were spread over the whole of Sweden. A t some thirty o f these sites, the 
measurements were performed during two periods of observation at intervals 
o f about six weeks, whereas the measurements at the other sites were made 
during one period o f observation only. Each period of observation lasted a week.

The mean vehicle weights in the thirteen most common groups of vehicles 
were estimated for each period of observation. 99.2 per cent of the total number 
o f lorries belonged to these groups, while the remaining vehicles were distributed 
among at least some thirty odd groups. The mean vehicle weights in the various 
groups of vehicles were estimated in each one of the regions of observation 
I to V , see Fig. 26, and also in the whole of Sweden. The results are shown in



Table j .  Percentage ratio o f the mean vehicle weight in each region of 
observation to that in all regions taken together
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Region of observation

I II III IV V

3 110 86 90 98 103

m m m  # - * 60 97 95 100 107 104

1  * « r " i 9 IOI 96 99 107 95

m m 6 99 99 IOI 109 9 i

i N i i r i 3 99 90 99 n o 103

8 106 88 IOI 94 102

*  ■  ■ *  .... ......... 1 103 90 99 i n 94

m m  m  0 1 IOI 107 102 107 92

m r n a r n 7 99 96 IOI 10 7 100

Table 3, which gives the percentage ratio of the mean vehicle weight (b ') in 
each region o f observation to that in all regions taken together. As is seen from 
this table, the deviations from the mean values in the whole of Sweden are 
relatively small, and this implies that the mean vehicle weights are approxi
mately equal in the different regions o f Sweden.

The estimated sum of the total vehicle weights (B 'est)  was computed from 
Eq. (1) for each one of about 200 weeks o f observation. The constants (P)
entering into this equation were the mean values for the whole o f Sweden. A
comparison of the estimated and observed values for each week o f observation 
shows that the error was less than 10  per cent in about 75 per cent of the 
sum of the vehicle weights estimated in 19 6 1, and less than 15 per cent in 90 
per cent of this weight.

In view of the requirements for accuracy which need to be fulfilled in these 
measurements, this means that the sum of the vehicle weights can be estimated 
by means of Eq. (1), that is to say, i f  the numbers of vehicles in the various
groups of vehicles are known.



Estimation o f P ay  Loads of Lorries

Attempts are being made to use the data obtained from axle load measure
ments as a basis for estimating the total pay load of the lorries passing a 
weighing site. In order that these estimates m ay be formed, it is necessary, 
among other things, that the relation between the vehicle weight and the pay 
load in each group o f vehicles shall be known. Empirical studies of this problem 
are in progress. The data required for this purpose are collected by photo
graphing the vehicles at the weighing sites and by measuring the axle loads at 
the same time. The photographs are used for determining the make of vehicle, 
the type o f body, the wheel base, i.e. the distance between the front and rear 
axles, the length of the load space, etc., and these data are then utilised as a 
basis for estimating the pay load. D ata on type, unladen weight, vehicle weight, 
and pay load, where the pay load is the difference between the vehicle weight 
and the unladen weight, are obtained in this w ay for each vehicle under 
consideration.

D aily  Variations in T ra ffic  at Weighing Site

Tests have been made with the Institute’s scales for axle load measurements 
in the course o f one week in November-December 1959 on E 4  Road, about 
20 km north o f Stockholm. Some results obtained during one day o f observation 
are briefly discussed in what follows. On this day, some 9,000 vehicles in all 
passed the weighing site in both directions of travel, and about 30 per cent of 
these vehicles were classified as lorries.

An hour-by-hour breakdown of the traffic by number and by weight of 
vehicles is shown in Fig. 27, where it was assumed that the private cars weighed
1.2  metric tons each. A  comparison of the breakdowns by number and by 
weight of vehicles indicates prim arily that the share of private cars in the total 
traffic was very small in respect o f weight, whereas it was definitely predomi
nant in respect of number. It  is found that private cars and lorries differed in 
the daily rhythm of their variations in number. The occurrence o f private cars 
was in conformity with the location o f the weighing site near the periphery of 
Stockholm, that is to say, the maximum and minimum hours were directly 
related to the functions of the central part of Stockholm. About 95 per cent of 
the total number of lorries without trailers passed the weighing site during the 
normal working hours in the daytime, i.e. during the period from 06 to 18 
o’clock. The transportation of gravel in these lorries in the direction o f travel 
to Stockholm constituted a very large portion of the traffic passing the weighing 
site, as may be seen by comparing the two directions of travel in Fig. 27. The 
occurrence of lorries with trailers at the weighing site was less dependent on the 
normal working hours. Before 06 o’clock and after 18 o’clock, 30 per cent of 
these vehicles passed the weighing site. (C f. above, the corresponding figure for 
the lorries without trailers was 5 per cent.) Both the total number and the total 
weight o f the lorries with trailers in the morning were greater in the direction 
of travel to Stockholm, whereas in the afternoon they were greater in the 
opposite direction.
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Fig. 27. Hour-by-hour breakdown of vehicles by number and by weight during a day
of observation.

Note. The total height of the rectangles corresponding to each hour represents the sum 
numbers or weights of private cars and lorries.



Fig. 28. Vehicle-differentiating traffic counter T  with the detectors A, B, and C stretched
across a traffic lane.

Vehicle-D ifferentiating T ra ffic  Counter

A  prototype of a vehicle-differentiating traffic counter has been evolved 
at the Institute. This combined traffic counter and vehicle discriminator not 
only determines the number of vehicles passing a point of observation during a 
certain definite period of time, but also discriminates in some respects between 
the types of vehicles.

The principles of this traffic counter are based on two facts, viz., first, that 
the differences in the transport functions of the vehicles are reflected in the 
axle arrangement, and second, that the axle arrangement can be determined by 
the sequence o f pulses emitted from several, e.g. three, detectors placed across a 
traffic lane o f a carriageway at certain definite distances from each other, see 
Fig. 28.

This traffic counter prototype records the pulses which are emitted when the 
wheels pass over the three detectors. The pulses emitted from each detector are 
recorded in the form of dashes in one of the three parallel rows on a moving 
strip chart, see Fig. 29. The numbers of pulses and the sequences of pulses in 
these three rows constitute a record which indicates the group to which a 
vehicle belongs. The dimensions of such a traffic counter are small, it is 
transportable, and is suited for ordinary road traffic. The counter is operated 
by a storage battery. The spacings of the detectors A , B, and C  are A B =  3.3 
and B C  =  1.7  m.

Moreover, use can be made of a fourth detector, which records, for instance, 
the positions of the front end and the rear end of the vehicle in relation to the 
axles or the points at which the height of the vehicles with reference to the
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Fig. 30. Distributions of wheel bases.

axle is equal to, or smaller than, a certain definite value. Then the vehicles 
can be differentiated more exactly so as to be classified in a larger number of 
groups, and such a traffic counter can be used in very dense traffic. In that 
case, however, the traffic counter must be stationary.

The strip chart records will be evaluated at a data processing centre. The 
results w ill express the number of vehicles in each group of vehicles passing the 
point of observation per unit time, and w ill indicate the time, the number of 
the observation point, etc. These results w ill be automatically transferred to a 
punched tape, which w ill subsequently be processed in conformity with various 
programmes.

Patents covering the principles of this traffic counter have been granted in 
Sweden, and have been applied for in Great Britain, German Federal Republic, 
and France.

As m ay be inferred from the above, the wheel bases, i.e. the distances between 
the front and rear axles, can be grouped in such a w ay that the distributions 
o f the wheel bases among the different groups are in the main situated in 
separate intervals, see Fig. 30, which also shows the boundaries of these intervals. 
The positions of these boundaries have served as a basis for determining the 
spacings of the detectors.

For instance, if  a bicycle passes over the detectors, the front wheel causes the 
detector A  to emit a pulse, and then the rear wheel gives rise to a pulse emitted 
from the same detector. A fter that, the wheels produce wo pulses from the 
detector B, and finally two pulses from the detector C . The sequence o f pulses 
is A A B B C C  because the distance between the axles o f the bicycle is smaller 
than both the distance A B and the distance BC . I f  a private car or a light lorry



passes over the detectors, the front and rear wheels cause pulses to be emitted 
from the detector A , then the front wheels produce pulses from the detectors B 
and C, and finally  the same pulses are repeated by the rear wheels. The sequence 
o f the pulses is A A B C B C  because the wheel base of the vehicle is smaller than 
A B  but greater than BC.

The sequence of pulses produced by a heavy two-axle lorry is either A B A C B C  
or A B C A B C  depending on whether the wheel base of the lorry is smaller or 
greater than the detector spacing A C  (5 m, usually buses). The wheel bases of 
these vehicles are nearly always greater than 3.3 m, and therefore they seldom 
give rise to the same sequence o f pulses as a private car or a light lorry.

Other Activities of the Institute

Connections Abroad

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

Participation in Conferences, etc.

The Institute has taken part in the meetings organised by the O .E.E .C . for 
the formation o f the European Organisation of Road Research Laboratories and 
the International Organisation for Scientific Research into Road Safety. 
Furthermore, 10 engineers employed at the Institute have attended congresses, 
etc., in Denmark, Finland, France, Germany, Great Britain, N orw ay, Switzer
land, and U .S.A .

Stockholm, September 1962.

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

N ils G. Bruzelius 

Director
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