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Board

T h e  B O A R D  OF THE R O A D  R E S E A R C H  I N S T I T U T E  includes the Director 
of the National Swedish Road Board (Kungl. väg- och vattenbyggnadsstyrel
sen), Chairman, and the Chief Engineer and Director of the Institute. Further
more, the Government has appointed six experts as Members of the Board.

Organization



Staff

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

S ta ff  engaged in

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

work sioned
w ork

C h ief Engineer .............................................................................................................  i
A dm inistrative and Technical O ffices   9 2

C h ief Secretary: C arl Edeblad
R oad  Surfacings D e p a rtm e n t ................................................................................  8 8

Departm ent C h ie f: Ernst Ericsson
R oad  Foundation D e p a rtm e n t.............................................................................. 2 7

D epartm ent C h ie f: N ils  O dem ark
G eological D epartm ent   5 8

Departm ent C h ie f: Fo lke Rengm ark
M echanical D epartm ent .......................................................................................... 12  22

Departm ent C h ie f: G östa K u llberg
T ra ffic  Departm ent ...................................................................................................  4 7

Departm ent C h ie f: Stig Edholm

N um ber o f persons 41 54

T otal s ta ff 95

Publications

The following papers have been published in Swedish in 1962— 1963. 

Printed Reports:

41. Annual Report of the National Swedish Road Research Institute
for the Financial Year 1961 — 1962 ................................................... 1962

41 A. Ditto (in English) ................................................................................... 1963
42. Tests on Sand Spreaders, by B. K ih lgren ............................  1963
30 A. Determination of the Ground Frost Line by Means of a Similar

Type of Frost Depth Indicator, by R. G an d ah l................  1963
(English translation of Report No. 30)

Special Reports (Mimeographed):

19. Field Experiments with Electro-osmotic Dewatering of Clay,
by S. Freden .............................................................................................  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 1962— 1963, 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 
undertakings 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 Road Oils for Oiled Gravel Roads 

Acceptance Tests on Road Oils

The Swedish specifications for supply of road oils were altered in some 
respects in the autumn of 1962. For acceptance tests, the new and the old 
specifications require that the distillation tests made by means of fractional 
distillation in accordance with the Institute of Petroleum IP Method 27 shall 
give the following results:

Tem perature

Volume o f petroleum  product distillate, 
in per cent o f sample volume

N ew  specifications O ld specifications

Up to 2 2 3 °C 0 0
Up to 26o°C 0 to I 0
Up to 3 i5 °C i to 6 6
Up to 36o°C 4 to 1 2 1 2

Furthermore, the relevant specifications stipulate that the viscosity of road 
oils shall be determined by means of the ASTM  Method D 445 or the IP 
Method 71 for the determination of the kinematic viscosity. From 1963 on, 
the National Swedish Road Research Institute will determine the viscosity of 
road oils with a Cannon-Fenske capillary viscometer. The temperatures at 
which the original road oil sample and the distillation residue shall have a 
viscosity of 500 centistokes are 47.o°C and 65.o°C, respectively.

Relation between Viscosity and Temperature of Road Oils

The viscosity of a road oil, just as that of any other liquid petroleum 
product, increases considerably as the temperature becomes lower. The vari
ation in the viscosity with the temperature of many liquid petroleum products 
can to a relatively close approximation be represented by a straight line in a 
Walther viscosity chart.



If the viscosity-temperature curve in such a chart is concave upwards, that 
is to say, if the viscosity increases with the decrease in the temperature at 
a higher rate than that which is expressed by the straight line, then this points 
to the molecules of the oil forming more or less rigid structures at a higher 
rate than that indicated by a straight line. In the temperature range where 
these molecular structures are formed, the observed viscosity is to some extent 
a function of the heat treatment prior to the determination of the viscosity. 
Moreover, the viscosity is influenced by the velocity gradient of the viscous 
flow. I f  road oils with the same equiviscous temperature, defined as the 
temperature at 500 centistokes, are substantially different in their rheological 
characteristics, then this difference can affect the properties of the oiled 
gravel. The Road Surfacings Department has resumed a detailed study of 
this problem during the financial year 1962— 1963. Among other properties, 
the relation between the viscosity and the temperature was determined on 
samples of four road oils supplied for oiled gravel roads in the course of 
the first half-year of 1963. The viscosity-temperature curves of these oils were 
somewhat different in slope, and also differed in upward curvature. The two 
curves which had the smallest and the greatest slope, respectively, are reproduced 
in Fig. 1. The value of the velocity gradient used in the determination of the 
kinematic viscosity is of the order of 0.1 to 1. As the gradient increases, the 
structural viscosity becomes lower. It is then to be expected that the viscosity- 
temperature curve will approach a straight line at high gradients.

A relatively low percentage of a solid, waxlike hydrocarbon added to a 
road oil which has an approximately linear viscosity-temperature curve ex
tending down to low temperatures was found to give it a considerable upward

Fig. 1. V iscosity-tem perature curves o f two 
road oils supplied during the first h a lf year 
o f 1963.
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curvature. In order that the effects of the structural viscosity might be studied 
in practice, the Department constructed a number of test road sections on 
which use was made of the above oil mixed with waxes of various types in 
different percentages. However, it is not intended to use these admixtures in 
routine work. The object of the tests in question is to study the properties 
of oiled gravel roads using oils which are essentially of the same type but 
differ in their rheological characteristics.

Development of Method for Recovery of Amine from, and Its Determination 
in, Oiled Gravel

The work that had been started with a view to evolving a method for 
recovery of amine from oiled gravel was continued during the period under 
review. Several courses have been followed, but none of them seems to be 
practicable. The difficulties bound up with this problem reside in the fact 
that the chemical reagents which cause the resorption of the amine sorbed on 
the aggregate at the same time partly attack the amine, which possesses a very 
high chemical reactivity. Since the recovery of amine is considered to be of 
importance, these tests will be continued.

Test Road Sections for Road Oils

The four different road oils delivered to the oil gravel plants in Sweden 
in 1962 were used in the construction of four respective test road sections 
for oiled gravel, and the same aggregate was employed on all four road sections 
with a view to a comparison between the oils. The road sections in question 
were inspected several times. The latest inspection took place in May 1963. 
Certain differences between the road oils were observed, e.g. in respect of the 
increase in the oil content at the surface of wheel tracks.

Furthermore, four road sections were built for comparisons between the 
four road oils supplied in 1963.

Test Road Sections for Oiled Gravel Made with Road Oils Having Equiviscous 
Temperature Higher than That in Normal Use

These test road sections, which had been constructed in 1961 — 1962 (see 
Institute Report No. 41 A, p. 13), were inspected at different times. In May 
1963, all the road sections were found to be on the whole unchanged since 
the time of laying, and to be in a very good condition, with the exception 
of a few damaged areas of comparatively small extent, where the deterioration 
may be attributed to an inadequate base.

These test road sections consist of two identical sets, but one of them forms 
part of a road having a high bearing capacity, whereas the other enters into 
a road passing over marshy ground. In June 1963, the oiled gravel surfacings 
on the latter road sections were scarified and graded. This was done at a 
relatively high temperature of the road surface. After the oiled gravel had



been scarified, graded, and rolled, its surface was found to be satisfactory 
again.

Samples for determining the process of ageing of the road oils were taken 
in accordance with the test programme.

Study of Frictional Properties of Bituminous Road Surfacings Differing in 
Surface Structure

In the summer of 1961, six test road sections were made on a road north 
of Stockholm and six test sections on a road south of Stockholm. The test 
sections in both these places comprised the same types of bituminous surfacings 
but were made by different contractors and with different kinds of aggregate 
in both cases consisting of local igneous rocks. Friction measurements on the 
test sections were made by the Mechanical Department. Under summer road 
conditions, no substantial differences between the various test road sections 
were observed at a speed of 60 km per h. An exception in this respect was 
one test section which exhibited an excess of binder in the surface layer, and 
thus became very slippery. Under winter road conditions, however, the various 
test sections seemed to differ in their frictional behaviour. The number of 
measurements has so far been too small to allow definite conclusions to be 
drawn from these tests.

Tests on Bridge Deck Waterproofings Applied to Cement Concrete Surfaces

Test on bridge deck waterproofings were made in the autumn of 1962 on a 
concrete bridge. These tests comprised waterproofings of four different types, 
viz., one membrane waterproofing and three mastic asphalt waterproofings. 
The object of the tests in question was to find out whether any damage, such 
as ruts and blisters, would be caused to the surfacings laid on these water
proofings.

On the test section provided with membrane waterproofing, the concrete 
was coated with a cut-back of low viscosity in order to attach the membrane 
waterproofing to the concrete. The membrane waterproofing consisted of two 
layers of bituminised mineral fibre felting mopped with a fairly hard pene
tration grade asphaltic bitumen. A protective course of an asphaltic sand 
carpet was applied on top of the waterproofing, and two layers of dense rolled 
asphalt were applied on the protective course.

The test sections with mastic asphalt waterproofings were constructed as 
follows:

The mastic asphalt waterproofing was separated from the concrete by a 
gas-pervious ventilating course, which consisted of a thin layer of sand on one 
test section, a layer of glass fibre felting on a second test section, and a layer 
of fine rolled asphalt on the third section. The thickness of the mastic 
asphalt waterproofing was about 10 mm. The protective course placed on top 
of the mastic asphalt consisted of an asphaltic sand carpet on the first of the



above-mentioned test sections, fine dense asphalt on the second, and fine
grained crushed stone (4 to 6 mm in size), which was rolled into the mastic 
asphalt, on the third one. The surfacing on top of the protective course consisted 
of dense rolled asphalt.

The total thickness of these layers was 7 cm on all test sections. The test 
sections were inspected in the spring and the autumn of 1963, and no damage 
in the form of wheel tracks or blisters was to be observed.

Road Foundation Department

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

In order to facilitate the application of the equivalent method of road design 
to three-layered systems, the Road Foundation Department began in 1961 — 1962 
to prepare graphs which are used for calculating the shear stress in the sub
grade, and which refer to different values of the ratio E :̂ E3. This work was 
continued in 1962— 1963. The above-mentioned graphs, together with examples, 
will be published in a separate report.

The development work on the theory of the behaviour of road pavements 
under the action of dynamic loads and the elaboration of dynamic methods 
for testing the bearing capacity were also continued during this year. The design 
and construction of the load test vehicle intended for static and dynamic load 
tests in the field were completed.

As has been mentioned in Institute Report No. 41 A, p. 15, the Department 
was entrusted with the design of the carriageway pavements for a motorway 
and its interchanges to be constructed in conjunction with the proposed tunnel 
under the Göta River, Gothenburg, Sweden. In connection with a project 
which had been submitted previously, the Department carried out an investi
gation in order to evolve a design method for determining the construction 
and the thickness of the pavement in the case where the subgrade consists of 
very loose clay, and where the structure consists of a bottom layer of lean 
concrete, 15 cm in thickness on top of which are placed conventional layers 
of subbase, base course and asphalt pavement. The design in this case was 
complicated by the fact that the bottom layer of the structure comprises a 
course having a considerably higher modulus of elasticity than the overlying 
courses.

This investigation showed, first, that the equivalent method of road design 
was also applicable to such special cases, and second, that the total design 
thickness might be reduced by about 35 per cent. Of course, in spite of 
being supported on a rigid concrete slab, the upper courses of the pavement 
must be designed in such a way that the shear stresses in these courses do not 
exceed the respective allowable values of the shear stress. In the present case, 
this requires bituminous stabilisation of the base course.



CH LO E Profilometer

The new testing methods, new measuring methods, and new design methods 
which were evolved and utilised in connection with the large-scale road tests 
carried out during the period from 1956 to 1962 at Ottawa, Illinois, U.S.A., 
(the AASH O  Road Test), have deepened the knowledge of several of the 
factors which influence the bearing capacity of roads. These methods included, 
among others, a method of calculation as well as a method of measurement for 
determining the “ Present Serviceability Index”  of road pavements. A special 
measuring equipment, known as “ Longitudinal profilometer”  or “ CH LO E 
profilometer” , was designed and constructed for these determinations. This 
equipment is towed behind a motor vehicle at a speed which does not exceed 
10 km per h.

This profilometer, see Fig. 2, which is about 7 m in length, measures the 
pavement roughness in terms of the slope angle of the longitudinal irregularities 
of the pavement surface by means of a mechanical switching device and a

Fig. 2. C H L O E  profilom eter towed behind 
the vehicle carrying the intsrument equip
ment. The profilom eter is provided with a 
w arning sign and a flag . A  w arning light is 
fitted on the roof o f the vehicle.

Fig. 3. D etail o f the profilom eter. This 
photograph shows the w orking end o f the 
trailer unit, w ith  the two hard-rubber-tyred 
slope-detecting wheels and the mechanical 
switching device fo r detection o f the slope 
angle.

Fig. 4. T h e electronic computer cabinet o f 
the profilom eter is carried in the towing 
vehicle during measurements.



set of two hard-rubber-tyred slope-detecting wheels, 20 cm in diameter, which 
are mounted 22.5 cm apart at the rear end of the trailer unit, and which move 
along the road surface in only one wheel path at a time, see Fig. 3. The pulses 
used to interrogate the switching device, which acts as a slope angle detector, 
are recorded and evaluated by an electronic computer, see Fig. 4.

Repeated profile measurements and determinations of the Present Service
ability Index of a road can be used for studying the effects of traffic and 
climate on the serviceability characteristics of the road and on the bearing 
properties of the pavement.

The National Swedish Road Research Institute bought in the United States 
a CH LO E profilometer, which was delivered in 1963. During this year, the 
Road Foundation Department studied and also developed the theory which 
had been advanced in the United States for determining the Present Service
ability Index of roads by measuring the longitudinal irregularities of pavement 
surfaces with the CH LO E profilometer. Furthermore, the Department started 
profile measurements, first, on its own test roads, and second, on other roads 
provided with asphalt or concrete pavements. The tests carried out by the 
Institute on the CH LO E profilometer showed that it had defects in respect 
of mechanical quality and functional reliability. Alterations and improvements 
were therefore made in order to obviate these defects.

The CH LO E profilometer is used to determine a numerical value, mc2, i.e. 
the slope variance, which is defined as the mean square of the slope angles 
of the pavement surface at a number of sample points situated at 15 -cm inter
vals. Statistically speaking, mc is the standard deviation of the result of slope 
angle measurements.

A result of measurements made with a profilometer of this type is dependent 
on the length of the trailer unit, B , and on the distance between the slope 
detecting wheels, b. For a sinusoidal profile, where a is the distance between 
two successive “nodes55, and h is the amplitude, that is to say, where 2 h is the 
distance between two successive crests or troughs and 2 a is the difference in 
level between a crest and a trough, we have the following relation, where 
v =  B: b

s/2 h r . it b 1 . viz b\ , *mc =  —— sin — •  sm — • — I .................................  (1)
b \_ 2 a v 2 a j

The mathematically correct value of the standard deviation corresponds to 
00 and b-> 0, and is obviously given by

h ,  .m — n - —sr* ....................................................  (1 a)
\j2a

Hence we obtain the following formula for the ratio of the CH LO E profilo
meter value to the mathematically correct value.

2 a T . it b 1 . vit b~\ . . .
mc: m =  — • -r \ sm —  ----------sm —  • — . ..........................  1 b

it b 2 a v 2  ̂J

Eqs. (1), ( ia ) , and (1 b) are applicable on condition that the number of 
sample points is great.



B  Length o f trailer unit

b D istance between slope detecting wheels (22.5 cm)

Fig. 5. Slope variance o f a sinusoidal road profile  calculated according to the C H L O E  method 
and com pared w ith  the m athem atical value o f the slope variance.

The graph in Fig. 5 represents the relation between the ratio mc: m and 
the nodal distance, a, for a profilometer of the CHLO E type, where the 
distance between the slope-detecting wheels is a =  22.5 cm and v =  10, 20, 
or 30. These values are representative of the profilometer purchased by the 
Institute. The curves shown in Fig. 5 were calculated from Eq. (1 b) for a 
sinusoidal road profile. In practice, the shape of the road surface is very 
intricate, and then the results of measurements express a statistical average of 
the ratio mc: m. It follows froms Eqs. (1 a) and (1 b) that two road profiles 
such that one of them is arbitrary and the other is an enlargement of the first 
have the same value of the slope variance m2. This implies that they will also 
result in the same CH LO E profilometer value of the slope variance mc2, if the 
profile is enlarged from A  to B in Fig. 5, i.e. if the mean value of the nodal 
distance is increased from 115  cm to 225 cm. Consequently, these two road 
pavements would be found to be equivalent in respect of serviceability. On 
the other hand, if the road profile is enlarged, say, from C to D in Fig. 5, i.e. 
if the mean value of the nodal distance is increased from 150 cm to 300 cm, 
then the CH LO E profilometer value will decrease in the ratio of 1 to 3.. 
In this case, according to the CH LO E profilometer measurements, that road 
pavement surface which exhibits deeper and longer irregularities would have 
a higher Present Serviceability Index. One of the objects of the measurements 
started with the CH LO E profilometer is to investigate the agreement between 
the CH LO E profilometer value and the actual serviceability of road pavements.



Load Tests on Roads

The construction of the load test vehicle for pulsating plate bearing tests 
to a maximum load of 15 metric tons was completed in 1962— 1963. The same 
equipment can be used for static tests up to a maximum of 20 tons. To test the 
pulsating load equipment, which comprises an oil-operated hydraulic jack, a 
pump unit and an electric generating set, some tests had to be made in the 
laboratory and these tests consisted of series of pulsating loadings on gravel 
which was spread out on the concrete floor to a thickness of 30 cm. The gravel 
was kept inside a steel sheet ring, diameter 100 cm, which was placed on the 
concrete floor. This occasion was used to make some preliminary tests on 
certain types of materials containing low-strength rock in order to determine 
their relative strength and the minimum thickness of better materials which 
must cover such low strength materials when used in a road structure. The 
materials were tested in a dry state and also at optimum moisture content. 
The maximum load was 14 metric tons on a circular steel plate, 40 cm in 
diameter, corresponding to 11 .2  kg per cm2. The number of load cycles was
20,000 at a rate of 10 loadings and unloadings per minute. To estimate the 
strength of the materials after the completed test the particle size distribution 
at different levels of the tested 30 cm thick layer was compared to the overall 
size distribution before the test. Permanent deflection (compression) was meas
ured by means of dial gauges.

Fig. 6 shows that the particle size distribution has changed during the load 
tests, and the sieve analysis curves indicate that this change varied with the 
level in a layer of “ base gravel” 1, 30 cm in thickness, which was tested in a 
loose state at a moisture content of 6.5 per cent, and was submitted to 20,000 
load cycles. The maximum load was in this case 7 metric tons, and was applied 
by means of a loading plate, 40 cm in diameter. The mean pressure on the 
loaded surface was = 5 .6  kg per cm2. The compression of the material was 
3.55 cm, and amounted to 11.8  per cent of the initial thickness of the layer.
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A = Particle size distribution of the gravel prior to 
load tests.

B = Particle size distribution of the gravel at a level 
of 0 to 10 cm.

C = Particle size distribution of the gravel at a level 
of 10 to 20 cm.

D = Particle size distribution of the gravel at a level 
of 20 to 30 cm after 20,000 load cycles.

The gravel was laid at a moisture content of about 
6.5 per cent.

Load 7,000 kg.
Surface area of the loading plate 1,250 cm2.
Mean pressure on the loaded surface 5.6 kg per cm2.

□ Width of aperture, n

Fig. 6. T he particle size distribution curves in this sieve analysis graph show the size reduction 
by crushing at various levels in a “ base gravel”  layer, 30 cm in thickness, 20,000 load cycles. 

T his layer was spread on a concrete floor.



Schematic plan of the test road showing the points of load application
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Fig. 7. Load tests on Såå 1962 Test R oad , which w as constructed on a subgrade o f the silt 
type and provided w ith a therm al insulation layer o f m ineral w ool between 

the subgrade and the subbase.

At the request of the National Swedish Road Board, similar tests were 
started on a material consisting of Siporex2 waste, which has a high void 
ratio, a low unit weight, about 0.25 metric ton per m3 in a loose state, and 
a specific gravity of 2.70. The object of the tests in question is to find out 
whether this material possesses such a mechanical strength that it can be used 
for embankment fills.

Static field load tests, where the maximum load was 5 metric tons, were 
made on several roads, e.g. on Såå 1962 Test Road, County of Jämtland. 
This road was constructed on a silt-type subgrade (natural or fill) and con
sisted of test sections to show the effect on frost heave of a thermal insulating 
layer of mineral wool which was placed on the subgrade. The load tests showed 
that such tests are very well suited for demonstrating how the bearing capacity 
of a road varies with the bearing characteristics and the thickness of the courses 
entering into or underlying the road construction, see Fig. 7.

1 The term “ base grave l”  is used to designate a gravel which has such a composition and 
properties that it complies w ith the requirements fo r unstabilised gravel base courses in the 
recommendations o f the N ational Swedish R o ad  Board .

2 Swedish aerated concrete.



Soil Stabilisation with Bitumen, Cement, or Lime

The Road Foundation Department co-operated with the County of Malmö
hus Road Authority in the construction of a lime-stabilised test road section 
on National Main Road No. 13, Ystad-Hörby, which was in process of re
construction. On this test road section, which comprises four subsections, tests 
were made in order to study stabilisation with lime of the surface layer of 
the subgrade (foundation), whose composition ranges from clayey morainic 
(gravelly silty sand) to morainic light clay. The purpose of these tests was 
double. One aim was to study how working conditions on the job was improved 
by the stabilisation of the subgrade and how in this way high quality work 
could be expected when the subbase, base course and pavement were constructed. 
But the principal object of the tests was to show the improvement in bearing 
value as compared with conventional design as stipulated in the relevant 
Swedish specifications and to show how total design thickness may be reduced 
on frost-susceptible subgrades stabilised with lime. A preliminary report, which 
contains a description of the design and construction of this test road section, 
has been drawn up.

It is not unusual to find that wearing courses, primarily on old roads, 
exhibit an excess of fines. This is partly due to the crushing of the aggregate 
on account of traffic, which is becoming increasingly intense and heavy. Conse
quently, the carriageways of roads which have perhaps an adequate bearing 
capacity in other respects are softened on the surface even in case of a moderate 
increase in the moisture content. When a gravel road is to be provided with 
an oiled gravel wearing course, it is therefore the regular practice to strengthen 
the road first with a layer of gravel, 10 to 20 cm in thickness.

To investigate the necessary conditions for reducing or obviating the need 
of such a strenghtening gravel layer by stabilisation of the existing wearing 
course which is rich in fines, the Department constructed a great number of 
test areas on five test roads in 1962— 1963. Two of these test roads are 
situated on Road No. 77 and one on Road No. 225 in the County of Stockholm, 
while one is located on Road No. 502 and one on Road No. 582 in the 
County of Örebro. In most of these test areas, the stabilisation was carried out 
with slaked lime to a depth of 15 cm. For comparison, some test areas were 
stabilised with standard Portland cement. Furthermore, some test areas were 
strengthened with a gravel layer, 10 or 20 cm in thickness. Moreover, one 
test area on each test road was solely scarified to a depth of 15 cm, and was 
then compacted. Stereophotographs of each test area were taken by the Geo
logical Department before and after the tests. In addition, the Geological 
Department made measurements with a frost indicator on some test road 
sections.

After soil investigations, load tests, sampling, and laboratory tests, the Road 
Foundation Department started in June 1963 the construction of a base test 
road on E 4 Road, in the County of Stockholm. This test road, which consists 
of 10 test sections, comprises gravel base courses water-bound macadam, as 
well as base courses stabilised with bitumen or cement.



The Swedish specifications for road construction stipulate that cement- 
stabilised base courses shall not be exposed to traffic earlier than one week 
after completion. It is not unusual to find that relatively open cracks are formed 
as early as during the first week on account of the stresses which are caused 
in the base by variations in temperature and by shrinkage. I f  the base is 
provided with a comparatively thin asphalt surfacing, then the cracks in the 
base often give rise to cracks in the surfacing also. However, it has been observed 
in some cases that no cracks of the latter type were formed in the asphalt 
surfacings laid on cement-stabilised bases which were subjected to traffic loads 
as early as on the first day after completion. It is probable that the traffic 
load acting on the base which was in process of hardening caused the formation 
of a close-meshed network of fine cracks, which behaved under the influence 
of temperature and shrinkage stresses as irregularly distributed joints. Owing 
to the small distances between these “joints55, the crack width was also small, 
and this reduced the risk of formation of cracks in the asphalt surfacing.

A number of test areas provided with cement-stabilised bases were constructed 
on E 75 Road, County of Jämtland, in order to study the effect on crack 
frequency in the asphalt surfacing as influenced by a more or less severe roller 
compaction of the cement stabilised base some time after completion when the 
cement is in the course of hardening. About 10 to 20 hours after completion, 
the cement-stabilised bases were either submitted to compaction with a towed 
vibratory roller or subjected to traffic of a heavily loaded lorry (pneumatic- 
tyred roller compaction).

Some time after roller compaction, the effect of the artificially induced 
cracks on the bearing capacity of the pavement was checked by means of load 
tests. The areas which had been submitted to subsequent roller compaction in 
one of the test series exhibited a lower bearing capacity than the areas which 
had not been subjected to roller compaction. Further observations and measure
ments in these test areas are in progress.

Investigations of Concrete and Concrete Pavements

In 1962— 1963, just as in several preceding years, at the request of various 
Swedish State authorities and private bodies, the Department took core samples, 
10 and 15 cm in diameter, fom concrete pavements as well as from layers 
stabilised with bitumen, cement, or lime. These samples were drilled with 
diamond grit bits and with hard metal bits. The total number of core samples 
taken during the year under review was 369, including 172 from concrete 
pavements.

In the same year, the Department, in co-operation with the Royal Swedish 
Air Force Administration, made tests in some test areas in order to study 
methods of laying thin concrete wearing courses on concrete pavements and 
tests were also started in this connection with a view to design and construction 
of appropriate equipment for in-situ determination of the strength of bond 
between these two concrete courses.



Geological Department

Frost Research 

Såå 1962 Test Road

The investigations of frost cracks on roads which had been started earlier 
were continued in 1962— 1963 on several test roads. On some of these roads, 
peat or bark were used as thermal insulating materials in order to reduce the 
depth of frost penetration at the centre of the road. This caused a considerable 
decrease in the risk of frost crack formation. As the thermal properties of 
mineral wool are closely in agreement with those of peat and bark, and as 
mineral wool is a non-decaying, inorganic material, it was employed during 
the frost season of 1962— 1963 on a test road named Såå 1962 Test Road. 
The subgrade of this road consists of varved glacial silt.

The test road in question was constructed in the autumn of 1962. Its pavement 
comprises the following layers:

Surfacing consisting of a base gravel layer, 15 cm in thickness, stabilised 
with bitumen.
Base and subbase, 65 cm in thickness, consisting of a gravelly sandy ma
terial, which contains high percentages of limestone and slate.

The thermal insulating material laid under this pavement consisted of mineral 
wool layer (weight per unit volume 150 kg per m3).

The test road was divided into 5 sections, which differed in the thickness of 
the mineral wool layer, viz., o, 5 10, 15, and 20 cm.

The temperature of the air, the relative humidity of the air, the depth of 
frost penetration, the ground water level, the variations in the level of the 
road surface, the width of the road, as well as the depth of snow at side ditches 
and on the natural ground were measured on this road during the freezing 
period of 1962— 1 9 6 3 . Table 1 shows the values of the depth of frost penetration 
obtained during three different periods of observation.

As is seen from Table 1, frost penetrated through the pavement and the 
mineral wool layer during the period of observation from January 10th to 
1 6th, 1963. In the course of subsequent frost penetration, the reducing effect 
of the mineral wool insulation on the depth of frost penetration is clearly 
visible. Thus, at the end of the freezing period, the depth of frost penetration 
on Test Road Section No. 5, which is provided with a 20-cm mineral wool 
layer, was about 80 cm smaller than on Test Road Section No. 1, which has 
no thermal insulation.

The values of the variation in the level of the road surface given in Table 1 
were observed during periods which closely coincided with the corresponding 
periods of observation for the determination of the depth of frost penetration. 
As is seen from this table, on Test Road Section No. 1, which was not provided 
with any mineral wool layer, the total frost heave during the freezing period 
in question was about 6 cm. This was the lowest value observed on the whole



Test road section Test road section Test road section Test road section Test road section
N o. 1 N o. 2 N o. 3 N o. 4 N o. 5

0.75 m 1.25 m 0.75 m 1.25 m 0.75 m 1.25 m 0.75 m 1.25 m 0.75 m 1.25 m
left right left right left right left right left right

o f the road centre o f the road centre o f the road centre of the road centre o f the road centre

Depth o f the pavem ent below the road surface 
level, cm ............................................................................. 0 to n o 1 0 to 1001 0 to 90 0 to 90 O

N

OOr\O
N

OO 0 to 95 0 to 95 0 to 93 0 to 93

D epth o f the m ineral w ool layer below the road 
surface level, cm ............................................................. —  — 902 90 to 93 97 to 105 93 to 100 95 to 103 95 to 106 93 to 106 93 to 107

Depth o f frost penetration, cm 
Period o f observation 10 .1.6 3  to 16 .1.6 3

Frost depth indicator .............................................. 144 146 136  136 h i  120 1 1 4  1 1 3 n o  n o
Borehole in the ground ........................ ................

00t̂- *35  ^ h i  1 1 3 106 107 106 106

Depth o f frost penetration, cm 
Period o f observation 20.2.63 to 24.2.63

Frost depth indicator .............................................. 173  182? 167 170 135 135 128 129 1 18  1 18

Borehole in the ground ......................................... 175 173 167  164 135 1 3 1 1 1 2  1 15 1 1 2  1 1 3

Period o f observation 1.4.63 to 5.4.63
Frost depth indicator ..............................................

205 205 194 195 150  156 13 7  140 120  125

Borehole in the ground ......................................... 200 2 10 180 — 150  154 13 2  140 1 1 6  12 1

D ifference in depth o f frost penetration between 
the test road section in question and the test road 
section N o. 1 , cm

Period o f observation 1.4.63 to 5.4.63
Frost depth indicator .............................................. 0 10 52 66 82

Borehole in the g r o u n d ............................................ 0 25 53 69 86

V ariations in the level o f the road surface, mm 
Periods o f observation

9 .11 .6 2  to 17 .1 .6 3  ........................................................ +  37 mm +  1 mm —  17  mm +  2 mm +  26 mm

9 .11 .6 2  to 15.2 .63 ........................................................ +  34 +  7 i +  5 9 +  45 +  45
9 .11 .6 2  to 8.4.63 ........................................................ +  58 +  107 +  98 +  69 +  69

V ariation in the level o f the road surface, mm 
Period o f observation

15.2 .63 to 8.4.63 ........................................................ +  24 +  36 +  39 +  24 +  24

1 Bottom layers in the pavem ent o f a morainic type.
2 The m ineral w ool layer was squeezed to such an extent that its thickness was negligible.



Fig. 9. A pparatus for determining the 
thermal conductivity o f non-frozen soil 
samples.

On the whole, this apparatus is a guard ring apparatus of conventional 
design. In principle, it consists of cylindrical plates between which the sample 
is placed. These plates are maintained at different temperatures by cooling 
and electric heating systems, respectively. The cooling medium is glycol, 
which circulates through a refrigerator and cooling coils in the apparatus. 
The difference in temperature between the plates produces a heat flow through 
the sample. The power input to the heated plate which is required in order 
to maintain constant temperature conditions is measured, and then the thermal 
conductivity of the sample can be calculated if the dimensions of the sample 
and the temperatures on both end faces of the sample are known. To avoid 
disturbing boundary effects, only the central portion of the sample is used 
in the measurements proper. For this purpose, the plate which is electrically 
heated is divided into two parts, viz., a central, circular part and an outer, 
ring-shaped part. Both these parts are kept at the same temperature, but is is 
only consumption of energy in the central part that is taken into account in 
the calculations. Accordingly, the heat flow through the sample is practically 
to the axis of the cylinder in the zone of measurement. In order to prevent 
heat exchange with the surroundings through the bottom of the apparatus, the 
lower surface of the bottom is covered, first, with a layer of thermal insulating 
material, and second, with a temperature-controlled plate, whose temperature 
is maintained at the same value as that of the above-mentioned heated plate, 
with the result that the heat flow in this direction is completely precluded.

Chemical Soil Stabilisation 

Laboratory Tests

Tests have been made in order to investigate the effect of curing and storage 
on the rate of frost heave of a heavy clay (SV 50099) stabilised with 4 per 
cent of Ca(OH)2. The clay samples were stored in the form of soil cylinders,



which were compacted in horizontal glass rings piled one upon another so 
as to obtain appropriate samples for the freezing tests. The samples were 
stored in a humidity controlled room, where they were kept in contact with water 
at a capillary pressure of 50 cm of water column below atmospheric. The samples 
were compacted at a specified moisture content of 50 per cent. The freezing 
tests were made under a pressure of 73 g per cm2 (corresponding to a load of 1 kg). 
The results of these tests are reproduced in Table 2, which also gives the rate 
of frost heave of the unstabilised clay.

Table 2. Rate of frost heave of a heavy clay determined from freezing tests

D uration o f 
storage, days

Characteristics o f

M oisture content, 
per cent

sample prior to freezing

Weight per unit volum e, 
g per cm3

M axim um  rate o f frost 
heave, mm per h

1 5°-3 1.22 2 .1
2 48.7 1.23 2.0
2 49.4 1.25 1.9

9 49.2 1.22 *•5
D 49-3 1.23 2.0

35 47-7 1 .22 2.2
62 50.0 1 .2 1 2.0

196 48.9 1.22 2-7
360 48.8 1 .18 2.0

T h e  same clay w ithout lim e

2 46.3 i -35 0.7
2 4 6.6 1.32 0.6
2 49.0 1.25 0.8
2 50.2 1,23 0.9

It is seen from Table 2 that the stabilised clay exhibited a substantially 
higher rate of frost heave than the unstabilised clay at the relatively high 
moisture content (about 50 per cent) which was used in these tests, and that 
the duration of storage up to 1 year did not produce any effect on the rate 
of frost heave of the clay stabilised with lime. This indicates that the increase 
in the strength of the test specimens which the admixture of lime caused during 
the storage of the specimens was much too small to enable its effect on the 
rate of frost heave to be demonstrated by these tests.

As has already been mentioned in the above, the moisture content of the 
clay used in the tests in question was relatively high (about 50 per cent). To 
investigate the effect produced by the initial moisture content on the rate 
of frost heave of a clay stabilised with lime, freezing tests were performed at 
a varying moisture content on a heavy clay (SV 50101), which was stabilised 
with 1, 2, 4, and 8 per cent of Ca(OH)2. For comparison these tests were also



Fig. io . Particle  size distribution curves o f the soils used in the chemical stabilisation tests.
S V  5 0 10 1 — h eavy clay, S V  50106  =  quartz flour, S V  50108 =  light clay,

S V  50012 — medium light morainic clay.

made on unstabilised clay. This clay, whose particle size distribution is shown 
in Fig. 10, had a liquid limit of 56.0 per cent and a plastic limit of 26.2 per 
cent. The freezing tests were carried out at a load corresponding to a pressure 
of 146 g per cm2. Fig. 1 1  represents the relation between the maximum rate 
of frost heave and the moisture content of the clay prior to the freezing tests. 
This graph shows that the test results relating to the unstabilised clay exhibited 
a very large dispersion, but did not manifest any marked trend concerning 
the effect of the initial moisture content on the rate of frost heave. On the 
other hand, such a trend clearly manifested itself in the case of the clay stabilised 
with lime. In this case, the rate of frost heave increased linearly with increase 
in the initial moisture content. It is furthermore seen from Fig. 1 1  that the 
rate of frost heave increased as the lime content became higher, at least up 
to 4 per cent of Ca(HO)2, particularly at higher initial moisture contents. 
When the Ca(OH)2 content was 8 per cent, the rate of frost heave was the 
same as when it was 4 per cent. The tests did not show whether the rate of 
frost heave reached a maximum at a lime content between 4 and 8 per cent. 
At a low initial moisture content (about 30 per cent) the rates of frost heave 
of the unstabilised and stabilised clays were roughly equal.

Tests have moreover been made on soils of various types in order to study the

Fig. 1 1 .  E ffec t o f the C a(O Ff)2 content on the relation between the maximum rate o f frost 
heave and the moisture content o f h eavy clay  prior to the freezing tests.



effects of lime on their frost-heaving characteristics. The soils used in these tests 
were stabilised with 4 per cent of pozzolanic lime. A  parellel series of the same 
tests was carried out on soils stabilised with 4 per cent of caustic soda (NaOH). 
The soil materials employed in these tests were quartz flour (SV 50106), light 
clay (SV 50108), heavy clay (SV 50101), and medium light morainic clay 
(SV 50012). The particle size distributions of the various samples are shown 
in Fig. 10. In these tests, it was specified that the corresponding samples in 
the two test series should have equal moisture contents before the freezing 
tests. Furthermore, the relative strength index in the cone penetration test was 
determined on each material under test before the preparation of the sample 
in the refrigerator, and the weight per unit volume of the cylindrical samples 
was measured immediately before freezing. The freezing tests were performed 
at a capillary pressure of 10 cm of water column below atmospheric and at 
a constant temperature gradient in the sample. For experimental engineering 
reasons, this gradient was maintained at a high value, and amounted to about 
2°C  per cm. The test results are given in Table 3.

As is seen from these test results, the addition of caustic soda has reduced 
the rate of frost heave in all cases. The addition of pozzolanic lime has slightly 
reduced the rate of frost heave in some cases, but has markedly increased it in 
other cases.

In connection with the investigations of the effects produced by lime on 
the frost-heaving characteristics of soils, tests were also made in order to study

Table 3. Effects of estabilising agents on the rate of frost heave of soils

Determ inations Q uartz flour 
S V  50106

S o i l

Light clay 
S V  50108

t y p e s

H e a v y  c lay  M orainic clay 
S V  5 0 10 1 S V  50012

N o  adm ixtu re:

Moisture content, per cent by weight . . 38.4 44.2 48.7 18.2
W eight per unit volum e, g per cm3 . . 1 .34 1.2.7 1 .2 1 1.86
R elative  strength index (H i) ...................... 9-3 0.7 15.8 15.8
R ate o f frost heave, mm per h ............ 2.0 3.0 0.5 0.6

A d m ixtu re : 4 per cent o f pozzolan ic lim e

Moisture content, per cent by weight . . 38.6 49.0 50.9 20.0
W eight per unit volum e, g per cm3 . . . . 1.32 1.29 1.23 1.8 1
R elative  strength index (H i) ...................... 5-9 8.3 18.6 ON OO O

R ate o f frost heave, mm per h ............ i -9 2.5 1.9 1.2

A d m ixtu re : 1  p er cent o f caustic soda (N a O H )

Moisture content, per cent by weight . . 38.2 5 2-7 49-9 19-3
W eight per unit volum e, g per cm3 . . . . 1.32 1.28 1 .2 1 1.83
R elative  strength index (H i) ................. 22.8 V ery  loose 81.5 3 i -3
R ate o f frost heave, mm per h ............ 0.7 0.6 0.4 0.4



the migration of Ca ions due to the process of soil freezing. For this purpose, 
the quantities of exchangeable calcium in the frozen and non-frozen portions 
of the sample were determined after the freezing tests. The values obtained 
from these determinations on a silty fine mo (SV 50098) are given in Table 4, 
where the quantity of exchangeable calcium is expressed in mg of Ca per 
100 g of air-dried soil.

These results show that the process of soil freezing causes a concentration 
of calcium ions in the frozen portion of the sample, and that this concen
tration increases as the lime content of the sample before freezing becomes 
higher.

Table 4. Quantities of exchangeable calcium in frozen and non-frozen 
portions of soil samples

A dded quantity o f 
C a(O H )2, 

per cent by weight

Q uantity o f exchangeable calcium, mg o f 
C a  per 100 g o f air-dried soil D ifference

N on-frozen  portion Frozen portion

2 880 930 5°
4 1,680 1,800 120
8 3,380 3>54° 160

Investigations of Aggregates

In the Annual Report No. 41 A, it has been pointed out that the determinations 
of the coefficients of brittleness of some rocks and mixtures of aggregates 
differing in quality (strength) seem to give values which are more favourable 
than those corresponding to the real strength of these aggregates. The 
Geological Department has therefore started investigations which are made 
by means of other methods, and which comprise at the same time a determi
nation of the petrographic characteristics of the aggregates. In these investi
gations, use was made, first, of a Los Angeles abrasion machine, and second, 
of a new method, see Fig. 1.2, which is a modified form of the Idaho method

Fig. 12 . Equipm ent for w ear tests on m aterials in a d ry  or moist state.
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Fig. 13 . Results o f wear tests on argilaceous 
limestone (S V  48446) in a dry state (dash-line 
curves) and in a w ater-filled  test cylinder 
(fu ll-line curves).

"""1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
10 0 0 0  1 5 0 0 0  2 0 0 0 0  2 5 0 0 0  revolutions

Number of revolutions

used in the State of Idaho, U.S.A. This new method is described in what follows. 
A  sample consisting of 500 g of the fraction 8 to 11 .3  mm is placed in a 
cylindrical container, 9.5 cm in diameter and 33 cm in length, made of stain
less sheet steel. The container is rotated at such a speed (about 15 r.p.m.) that 
the material under test falls from the bottom of the cylinder to its opposite 
end, and then to the bottom again, during each revolution. The material can 
be tested in a dry state and in water.

An argilaceous limestone (VS 48446) was tested by means of this method in 
a dry state and in a water-filled test cylinder. This test was performed on the 
fraction 8 to 11 .3  mm. The respective quantities of material smaller than 8 
and 0.074 mm in particle size were determined after different numbers of 
revolutions, see Fig. 13. It is seen from this graph that the amount of abrasion 
or wear in water was considerably greater than in a dry state, and that the 
amount of wear in the former case gradually increased with increase in the 
number of revolutions, while the amount of wear in the dry state reached a 
maximum value as early as after about 4,000 revolutions. In the present case, 
this was due to two causes. First, the limestone contained a high percentage 
(48 per cent) of clay material, which was dispersed in water. Second, the rock 
flour powder which was produced by dry wear progressively covered the 
surfaces of the rock particles and the inside surfaces of the test cylinder, with 
the result that the intensity of wear decreased.

Limestones of three different types were subjected to wear tests in water. 
That percentage of clay substance contained in the sample which was insoluble 
in hydrochloric acid, as well as the water adsorption of the samples, which 
is an expression of the void ratio, were also determined in these tests. The 
water adsorption was measured by determining the weight of adsorbed water 
after storing the sample in water in a vacuum for 15 hours. The results obtained 
from these tests are reproduced in Table 3. The amount of wear is expressed 
in terms of the percentage of particles smaller than 0.074 mm in size after
25,000 revolutions.



Table y  Results. of wear tests on limestones

Type o f rock C ounty
C la y  m aterial 

content, 
per cent

W ater 
adsorption, 

per cent

W ear, particles 
sm aller than 
0.074 mm, 

per cent

Calcareous limestone from  natural 
gravel ................................................... M alm öhus 2 8 28

Argilaceous limestone from  in-situ 
bed ........................................................ Skaraborg 48 2.3 25

Dense limestone from  natural 
gravel ................................................... Jäm tlan d 18 0.6 1 5

As is seen from Table 5, the wear of the limestones under test in the presence 
of water seemed to be dependent on the clay material content and on the void 
ratio of the rock. Thus, the highest values of wear were observed in the tests 
on the calcareous limestone from the County of Malmöhus, which had a 
very high void ratio, and on the argilaceous limestone from the County of 
Skaraborg, which contained a very high percentage of clay material, whereas 
the dense limestone from the County of Jämtland, which had a very low void 
ratio and a moderate clay material content, was found to be liable to consider
ably smaller wear.

Wear tests in water-filled cylinders were also carried out on aggregates 
of other types. A ll these tests were made on the fraction 8 to 11 .3  mm. The 
particle size distributions of the samples obtained after 25,000 revolutions are 
shown in Fig. 14.

It is seen from Fig. 14 that the crystalline, harder types of rocks, viz., diabase 
(8) and hornblende gneiss (7), exhibited the smallest amounts of wear, as was 
to be expected, whereas the soft black shale (1), which was liable to cleavage, 
and the natural gravel (2), which was rich in black shale and limestone, showed 
the greatest amounts of wear. The limestones (3 to 6) occupied an intermediate 
position between these two groups.

1. Black shale from natural gravel, SV 48447, 
County of Jäm tland

2. Natural gravel, SV  48477, Brunflo, County of 
Jäm tland

3. Calcareous limestone from natural gravel, 
Arrie, County of Malmöhus

4. Argilaceous limestone, SV 48446, County of 
Skaraborg

5. Limestone from natural gravel, SV 48447, 
County of Jäm tland

6. Limestone, SV 40119, Åse, County of Jäm tland
7. Hornblende gneiss, SV  9998, önnestad, County 

of Kristianstad
8. Diabase, SV 40108, Revsund, County of Jäm t

land

Fig. 14. P artic le size distribution curves o f several rock m aterials after w ear tests 
(25,000 revolutions) in w ater-filled  test cylinders.

Standard s i e v e s n  O  Diameter of  opening,  mm



Fig. 15 . Partic le size distribution curves o f 
the fraction 1 1 . 3 — 16  mm after crushing in 
a Los Angeles abrasion machine. The curves 
refer to the test results obtained after 100, 
500, and 1,000 revolutions o f the machine. 
Sam ple: natural gravel (S V  49 270) from  
Brunflo, C ounty o f Jäm tlan d .

Some preliminary tests were performed by means of the Los Angeles abrasion 
machine. One of these tests was made on a fraction 11 .3  to 16  m of a natural 
gravel from Brunflo, County of Jämtland. The weight of the sample was 5,000 g, 
and all 12 steel spheres belonging to the equipment of the abrasion machine were 
used in this test. The results of the crushing were determined by subjecting the 
crushed material to a sieve analysis after 100, 500, and 1,000 revolutions of 
the abrasion machine. As is seen from Fig. 15, this material was abraded to 
a very high degree.

The petrographic composition of the material under test was determined 
before the test and after 1,000 revolutions. The results of this determination 
were as follows:

Petrographic composition of material before testing. Fraction 1 1 .3  to 16  mm
Per cent

Black shale ..............................    26.9
Clay s h a le .............................................................................  10.0
Limestone .............................................................................  57.7
Granites, etc............................................................................  5.4

As is seen from Table 6, the black shales contained in the fraction 11.3  to 
1 6 mm, which was used in these tests, were completely eliminated from this 
fraction on account of abrasion. Nor were they to be found in the fraction

Table 6. Petrographic composition of material after tests in the 
Los Angeles abrasion machine

Fraction* n . 3 t o i 6  8 to n . 3 5.6 to 8 4 to 5.6 2 to 4 1 to 2
Per cent Per cent Per cent Per cent Per cent Per cent

B lack  shale .............................................  —  —  3 .6 7.8 |  J
C la y  shale ............................................... 13 .9  8.9 3.8 5.2 f  f 4 4 -°
Lim estone ..............................................  68.5 83.2 83.1 79.6 65.3 49.5
Granites, etc .......................................... 17 .6  7.9 9.5 7.4 6.0 6.5



8 to 1 1.3 mm. They reappeared in appreciable quantities in the fractions 
smaller than 4 mm. This shows that the black shales were abraded to a very 
large extent. The clay shales wich remained in the coarser fractions after the 
abrasion tests consisted of harder, crystalline shales, whereas the softer shales, 
which constituted the predominant type of clay shales in the original sample, 
had been severely abraded. The percentages of the harder, crystalline rocks, 
such as granite, quartzite, etc., contained in the coarser fractions were increased, 
and this indicated that these rocks have a fairly high resistance to abrasion. 
It is remarkable that the limestone was uniformly distributed among the 
various fractions, but particularly among the fractions 4 to 11 .3  mm, where 
this type of rock markedly dominated the rock distribution. It is obvious that 
this was partly due to the high limestone content of the original material, but 
probably also to the relatively high strength of the limestone under test.

Mechanical Department

Salt Treatment of Ice and Snow on Roads

The Mechanical Department has previously carried out investigations dealing 
with friction between rubber-tyred wheels and road pavements covered with 
snow and ice, as well as with methods of improving this friction. In this con
nection, an investigation has been started in the financial year 1961 — 1962 with 
the object of studying the ice-removing effects of calcium chloride, rock salt, 
and a mixture of these salts under simultaneous action of traffic (see Institute 
Report No. 41 A, p. 37). This investigation was continued in 1962— 1963, 
and great emphasis was placed on the improvement of the experimental pro
cedure with a view to simplifying and accelerating the photographic recording 
of the condition of the ice surface in the road machine. However, on account 
of repeated defects in the refrigerating equipment of the road machine, it was 
possible to make only a small number of tests.

Investigations of Sand Spreaders

The Department has completed the investigations of eight different sand 
spreaders which had been undertaken in order to collect more information on 
the characteristics of various types of spreaders, and which had been described 
in Institute Report No. 41 A, p. 38.

These investigations showed that the spreaders of those types which discharge 
the sand by means of a device driven from the rear axle of the lorry supply 
a quantity of sand spread per kilometre which is little dependent on the speed 
of the lorry. On the other hand, the spreaders of those types in which the 
sand is discharged with the help of a device driven by an electric or hydraulic 
motor at constant speed supply a nearly constant quantity of sand spread per 
unit time, with the result that the quantity of sand spread per kilometre is 
greatly dependent on the speed of the lorry. Practical field tests on two roads



differing in standard indicated that the average quantities of sand spread per 
kilometre on these two roads were approximately equal when use was made 
of the spreaders of the first-mentioned types, whereas the tests on the spreaders 
of the last-mentioned types showed that the average quantity of sand spread 
per kilometre on a road abounding in curves and gradients was about 45 per 
cent greater than it was on a road conforming to a high standard. To ensure 
economical sanding, a sand spreader should therefore be designed so as to 
supply a sand quantity spread per kilometre which is independent of the 
speed of the lorry.

For most types of spreaders under test, an increase in the angle of tilt of 
the dump body of the lorry caused an increase of about 2.5 per cent per degree 
in the quantity of sand spread per kilometre when the angle of tilt of the 
dump body was varied in the range from 30 to 3 6 degrees. However, in the 
case of a type of spreader having a large slot area, this rate of increase was 
almost 10 times as great.

As a rule, the use of a coarser grade of sand brought about an increase, 
while the use of a finer sand gave rise to a decrease, in the quantity of sand 
spread per kilometre. The test results were also influenced by the moisture 
content of the sand, but the scope of the tests was not so extensive as to make 
it possible to segregate the effect of this factor from that of the particle size.

A description of these investigations has been published in Institute Report 
No. 42.

Frost Indicators

Road surfaces are liable to become slippery, particularly in the spring and 
in the autumn, when moisture is deposited on these surfaces while their temper
ature is below the freezing point. This is due to the fact that the temperature 
of the air or that of the road surface in the night-time is often lower than 
the dew point of the air. This type of slipperiness is especially treacherous in 
that it frequently occurs locally, whereas the rest of the road system exhibits 
normal friction.

Special devices, known as frost indicators, are used to give warning when 
such local areas are exposed to the risk of slipperiness. The National Swedish 
Road Board has purchased a number of these indicators, and has placed one 
of them at the disposal of the Institute for testing. A frost indicator of this 
type comprises sensing elements which respond to the temperature of the air, 
the temperature of the ground surface, and the relative humidity of the air. 
When either the temperature of the air or the temperature of the ground 
surface is lower than — i°C , and when the relative humidity of the air is 
at the same time higher than 93 per cent, the sensing elements close an electric 
circuit, which actuates a signal indicating the risk of slipperiness.

Only some preparatory tests on the frost indicator have been carried out 
up to now. It is expected that the tests proper will take place in the winter 
of 1963— 1964.



Fig. 1 6. Autom atic friction meter which 
gives a w arning signal to indicate the risk 
o f slipperiness.

Another method of indicating the risk of slipperiness is to measure the 
friction on the road surface. Since these measurements cannot be made on 
the carriageway itself in view of traffic, they have to be performed in a sur
facing area which is situated at the side of the road, and which has the same 
properties as the surfacing of the carriageway. Such an automatic friction 
meter has been designed and constructed at the Institute in the spring of 1962, 
and was put in operation early in April, along with the tests on the above- 
mentioned frost indicator.

This friction test device, see Fig. 16, comprises a slide provided with rubber 
runners, which is drawn along a circular path, 300 mm in radius. The slide 
is driven by an electric motor equipped with a double worm gear, which 
actuates an arm provided with a spring-loaded drawbar. One revolution of the 
slide takes about 5 sec. The motor does not run continuously, and is controlled 
by a time switch in such a way that the slide makes a complete round and 
then stands still 5 minutes before performing the next measurement. The idle 
interval can be prolonged in a simple manner up to one hour.

The frictional force is measured at the drawbar, which acts as a spring 
balance. When the tensile force becomes smaller than a predetermined adjustable 
value, a microswitch comes into operation, and closes a warning signal circuit. 
In order that no false signals may be caused by oscillations associated with 
starting and stopping of the slide, the measuring circuit is broken in a sector 
of about 90 degrees in which the slide is stopped and started. At the present 
time, this friction meter is being subjected to long-time tests concerning reliability 
in operation and wear of rubber runners.
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Fig. 1 7. Skiagraphs o f six d ifferent road surfacings.
(a) Cem ent concrete, (b) Dense rolled asphalt, (c) A sphaltic sand carpet, (d) Coated chippings. 
(e) Surface dressing, (f) O iled gravel.



Friction Investigations on Road Pavements 

Study of Road Surface Structure

The studies of the road surface structure mentioned in Institute Report 
No. 41 A, p. 40, which had been undertaken in connection with friction in
vestigations, were continued in 1962— 1963. Photographs of road surfaces were 
taken in a number of places where routine measurements of friction are in 
progress. These photographs included vertical views, both single views and 
pairs of stereoscopic pictures, as well as synoptical views and skiagraphs. The 
skiagraphic procedure is described in what follows. An opaque vertical screen, 
which was provided with a steel straightedge, 1 mm in thickness, at its bottom 
edge, was placed on the road so that the straightedge rested on the road 
surface. A camera and a flash-light bulb, both inclined at an angle of 45 
degrees, were positioned on the opposite sides of the screen. During exposure, 
the light passed through the interstices between the straightedge and the road 
surface. A photograph taken by means of this method shows the road surface 
structure in the same way as a vertical sectional profile. Fig. 17  reproduces 
skiagraphs of six different road surfacings.

Furthermore, experiments were made with a method that enables the states 
of the road surface at two points of time to be represented on the same photo
graph so as to demonstrate the intervening changes in the surface structure.

Effect Produced by Rate of Sprinkling on Coefficient of Friction

Friction measurements performed by means of friction test vehicles, which 
are equipped with pneumatic-tyred test wheels, are as a rule made on wet 
road surfaces. This is done partly for the reason that the frictional forces on 
a wet road pavement are more well-defined than on a dry surface. When 
friction measurements are carried out on a dry road surface, the rubber tyre 
is gradually heated to a high temperature, and is deteriorated, at the surface 
of contact, with the result that the frictional force cannot be maintained at 
a stable level. Moreover, measurements on a wet road surface give a minimum 
value of the coefficient of friction, which is of importance in estimating road 
surfacings from the point of view of traffic safety.

Various methods and equipments can be used for sprinkling road surfaces 
in friction measurements. In some cases, the roads are sprinkled in advance 
with the help of a watering-cart. In other cases, the road pavement is sprinkled 
immediately ahead of the braked test wheel from a water tank installed in 
the friction test vehicle. The water is in some cases allowed to run down on 
the pavement under the action of its own static pressure head. In other cases, 
again, the water is pumped mechanically.

The knowledge of the effect produced by the rate of sprinkling on the 
frictional properties of road surfacings is very limited. In order to investigate 
the factors which come into play in this connection, a series of tests was carried 
out by means of the Institute’s friction test vehicle No. 5 (see Institute Report 
No. 40 A, p. 29) in the summer of 1962. Unfortunately, that summer was so



rainy that the point of departure for this investigation was somewhat unrealistic. 
Apart from this, the investigation was favoured by uniform weather conditions 
during the whole period of observation. The average temperature of the air 
was + i5 ° C .

The friction test vehicle No. 5 is equipped with a sprinkler outfit comprising 
a pump the capacity of which is proportional to the speed of travel of the 
vehicle. The thickness of the water film formed ahead of the rolling test wheel 
is approximately constant, and amounts to about 0.3 mm. To limit the scope 
of this investigation, the major part of the friction measurements were made 
at a speed of 40 km per h. A  small number of control tests were performed 
at 60 and 80 km per h. At a speed of 40 km per h, the sprinkler outfit of 
the friction test vehicle supplies 40 1 per min. With a view to a considerable 
reduction in this rate of sprinkling, part of the water was returned from the 
pressure side of the pump to the water tank through a pipe provided with 
flow control. In addition, the delivery pipe was equipped with special nozzles 
for low rates of sprinkling. In order that the rate of sprinkling might be 
increased above 40 1 per min, the water tank of the friction test vehicle was 
equipped with a large-sized siphon pipe, which was also provided with flow 
control. The rate of sprinkling at a speed of 40 km per h can be varied in 
this way from 0.8 to 200 1 per min.

This investigation was carried out at test wheel slips of 17 and 100 per cent 
on a dense rolled asphalt (binder: asphaltic bitumen 250 pen.) surfacing, on a 
surface dressing, and on a cement concrete pavement.

Figs. 18 and 19 represent the variation in the coefficient of friction on the 
dense rolled asphalt surfacing at a slip of 17 per cent (rolling braked test 
wheel), which results in maximum friction, as well as at a slip of 100 
per cent (locked test wheel). As is seen from Fig. 18, even when the rate 
of sprinkling was as low as 5 1 per min, the friction coefficient at a slip
of 17  per cent was about 25 per cent lower than it was on a dry road
surface, and the friction remained at a constant level up to a maximum rate 
of sprinkling, which was 200 1 per min. It seems that the same trend in
respect of a constant friction level is to be observed at a slip of 100 per cent,
see Fig. 19. For obvious reasons, no measurements without sprinkling were 
made at a slip of 100 per cent, but the observed values indicate that the friction 
coefficient in this case does not decrease so rapidly with increase in the rate 
of sprinkling. The friction level did not become constant until the rate of 
sprinkling reached 20 to 30 1 per min.

The above statements concerning the dense rolled asphalt surfacing are on 
the whole also applicable to the surface dressing and to the cement concrete 
pavement. On the three road surfacings under test, a rate of sprinkling of 30 1 
per min seemed to be sufficient to ensure a constant friction level. This value 
refers to slips of both 17 and 100 per cent, and to a speed of 40 km per h. 
Moreover, random tests made at 60 and 80 km per h indicated that the 
above-mentioned rate of sprinkling may likewise be expected to be adequate 
at these speeds.
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Fig. 1 8. V ariation  in the coefficient o f friction w ith the rate o f sprinkling in friction 
measurements on a dense rolled asphalt surfacing at a slip o f 17  per cent.
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Fig. 19. V ariation  in the coefficient o f friction w ith the rate o f sprinkling in friction 
measurements on a dense rolled asphalt surfacing at a slip o f 100 per cent.

Accordingly, differences in the rate of sprinkling do not necessarily constitute 
an obstacle to comparisons between results of different friction measurements 
on condition that the rate of sprinkling does not decrease below a minimum 
value. However, further tests at speeds of 60 and 80 km per h will be carried 
out in order to determine this minimum value and to estimate the thickness 
of the water film.

Friction Measurements at Road Junction Attended with Repeated Traffic 
Accidents

Since a series of similar motor vehicle accidents had occurred at a junction 
on E 4 Road, the Mechanical Department made friction measurements at this 
junction in Ju ly  and August 1962. The road in question is surfaced with



dense rolled asphalt south of the above-mentioned junction, and with cement 
concrete north of this junction. The road section under observation comprised 
about ioo m of the dense rolled asphalt surfacing and about 250 m of the cement 
concrete pavement. The frictional properties of these road surfacings were 
studied on two separate road strips, which were situated at the respective 
distances of 0.7 m and 4.2 m from the left-hand edge of the carriageway.

These measurements were carried out with the Institute’s friction test vehicle 
No. 5 at slips of 17 and 100 per cent. In view of the fact that the accidents 
at this road junction had occurred on a rain-wetted road surface, the road 
strips under test were sprinkled with water in all measurements. The measure
ments were performed at speeds of travel of 20, 40, 6o, and 80 km per h.

The results of these friction measurements are shown in Table 7. This table 
gives the values of the friction coefficient observed at speeds of 20, 40, 60, 
and 80 km per h as well as the calculated mean values of the friction coef
ficient in the speed range from 90 to o km per h at slips of 17 per cent (jmr) 
and 100 per cent (jug) on dense rolled asphalt surfacing and cement concrete 
pavement.

Table 7. Results of friction measurements at a road junction attended 
with repeated motor vehicle accidents

Type o f surfacing

Friction measurements at a junction on E  4 R oad
M ean values 
from  Institute 
Report N o . 39

C oefficient o f friction at speeds, km per h
Mean value o f 
friction coef
ficient in the 
speed range 
from  90 to 0 

km per h

M ean value o f 
friction coef
ficient in the 
speed range 
from  90 to 0 

km per h20 40 60 80
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It is cleariy seen from Table 7 that the friction coefficient of the dense rolled 
asphalt surfacing was considerably higher than that of the cement concrete 
pavement. On an average, the difference between the respective values was 
0.16 at all speeds when the slip was 17 per cent. At a slip of 100 per cent, 
this difference was 0.13 at 20 km per h, and increased slightly, to 0.15, at 
80 km per h. The Institute has previously found that such abrupt changes in 
the friction coefficient of the road surfacing can be dangerous to road users.

The values given in Table 7 are average values calculated over the whole 
length of the road section under test. It is to be noted, however, that the 
variation in the coefficient of friction along this road section was relatively



have to be provided with more than 200 studs. However, it is to be expected 
that an increase in the number of studs will entail some by-effects in driving 
on roads without snow and ice covering. The Institute intends to make a study 
of this question.

The investigation carried out in the winter of 1962— 1963 dealt with new- 
studded tyres only. To form a complete picture of this problem, it is also 
required to investigate the wear of the studs and the effect produced on friction 
by worn studs. Wear tests on a number of studded tyres comprising about 10,000 
km travel were therefore started in the summer of 1963, and the frictional 
characteristics of these tyres will be studied in the winter of 1963 — 1964.

Use of Studded Tyres on Road Surfaces without Snow and Ice Covering

Friction measurements dealing with the effect of studded tyres on the per
formance of motor vehicles in braking on road surfaces which are not covered 
with snow and ice have been made to a very limited extent.

These measurements were carried out with the friction test vehicle No. 5 of 
the Institute at a speed of 60 km per h. The coefficient of friction was determined 
at slips of 17 and 100 per cent. The temperature of the air during the measure
ments was about + io ° C ,  and the road surface was sprinkled with water in 
all tests.

Four different tyres, viz., A, a non-studded standard tyre, as well as B, C, 
and D, winter tyres provided with 54, 132, and 192 studs, respectively, were 
placed at the disposal of the Institute for these measurements. A ll these tyres 
were equal in size, 5.90— 15, but the tyres as well as the studs differed in 
make and in type. The kilometrage of the tyres prior to the measurements had 
been about 15,000 on roads without snow and ice covering. The inflation 
gauge pressure of the tyres during the measurements was 1.4 kg per cm2, and 
the wheel load was 320 kg.

The measurements were made on three different road surfacings, viz., dense 
rolled asphalt, cement concrete, and small granite setts.

The results of this investigation are reproduced in Table 8. The columns n r 
and jiig give the respective values of the friction coefficient at slips of 17 and 
100 per cent. The columns relating to the standard tyre reproduce these values 
observed in two tests on each road surfacing because this tyre was tested before 
as well as after the measurements on the studded tyres.

As is seen from Table 8, the friction coefficients of the studded tyres were 
lower than those of the non-studded tyre on all surfacings at slips of both 17 
and 100 per cent, except on small granite setts at a slip of 100 per cent, where the 
friction coefficient of a studded tyre in one case was even higher than that 
of the non-studded tyre. The reduction in the coefficient of friction was in no 
case greater than 20 per cent.

It was not possible to establish a reliable relation between the number of 
studs and the coefficient of friction since neither the studs nor the tyres were 
of the same type or make.



Table 8. Results of friction measurements on studded tyres tested on road 
surfaces without snow and ice covering

T yp e o f surfacing

T y r e

A B c D

/ir 1 *9 Ur Uq Ur Uq Ur Ucj

Dense rolled asphalt
0.76

0.78

O.4 7 

O.5O
0.71

x)
0.49

2)
0.67

2)
0.45 0.69 O.46

Cem ent concrete . . .
0.72

0.73

O.45

O.46
O.61 0.44

3)
0.59

3)
0.40 O.61 O.42

Sm all granite setts .

O 
O

0.28

O.28
0.48 0 .31

4)
0.48

4)
0.28 O.49 O.28

1 i stud lost during the test. 3 3 studs lost during the test.
2 10  studs lost during the test. 1 10  studs lost during the test.

For the same reason, the results of this investigation shall not be generalised 
in any respect. The conclusions which can be drawn from these results are 
applicable only to the tyres under test at a speed of 60 km per h on sprinkled 
road surfaces.

Mechanical Investigations of Road Vehicles 

Dynamic Characteristics of Road Vehicles

After the preparatory theoretical studies dealing with the dynamic charac
teristics of road vehicles had been carried out in 1961 — 1962, field tests on 
test vehicles were planned for practical verification of the results obtained 
from the above-mentioned theoretical studies. A test vehicle and instrument 
equipment were purchased for this purpose. This vehicle is expected to be 
completely equipped for a first test series in the autumn of 1963.

Wear Resistance and Fade Resistance of Brake Linings

A comparative investigation of two types of brake linings was made with 
a view to studying their wear resistance and fade resistance. These tests were 
carried out by means of the brake tester designed and installed in the Division 
of Technology of Vehicles, Royal Institute of Technology, Stockholm. This 
brake tester comprises two rollers, 1,200 mm i diameter, which are driven by
an electric motor. The front or rear wheels of the motor vehicle whose brakes



are to be tested are placed on these rollers, which rotate at a peripheral speed 
of about 5 5 km per h. When the wheels of the vehicle are braked, the periphery 
of the brake drum is subjected to a frictional force, which is measured by 
means of wire strain gauges fastened to the axles, and is recorded by a graphic 
instrument. In the present tests, the brake linings were attached to the front 
wheel brakes of a vehicle of the type for which they were intended. The fact 
that this investigation covered only two types of brake linings enabled them 
to be tested under conditions which were as similar as possible in that the 
linings of the two types were fitted on the left-hand side and on the right-hand 
side of the vehicle, respectively. The tests were performed in accordance with 
Brake Lining Quality Control Test Procedure, SAE Recommended Practice, 
wherever applicable. It was found that the two types of brake linings differed 
considerably in wear resistance and in fade resistance.

Effect of Incorrect Attachment of Brake Linings to Duo-Servo Brakes

An investigation concerning the effect of incorrect attachment of brake linings 
to duo-servo brakes was made in view of a traffic accident. This investigation 
was also carried out with the help of the above-mentioned brake tester. The 
brake tests were performed on linings which were correctly as well as incorrectly 
attached to the front wheel brakes of one of the Institute’s motor vehicles of 
the same make as that involved in the accident in question. The brake linings 
attached in these two ways were tested by repeated applications of the brakes, 
separated by cooling-down intervals, under conditions which were as similar 
as possible. The incorrectly attached linings failed after a relatively short 
testing period, whereas the correctly attached linings were not damaged.

Design and Construction of Equipment 

Automatic Sand Feeder

In road sanding, the sand is as a rule fed to the sand spreader from the 
dump body of the lorry by tilting this body. This method has some short
comings, namely, the dump body of the lorry and the tipping cylinders are 
subjected to heavy stresses, the centre of gravity of the lorry is in a high 
position, and the visibility in the backward direction is impaired. A special 
device has been designed and constructed in order to obviate these drawbacks. 
This device feeds the sand from the body of the lorry, without tipping, to 
a sand spreader which is mounted behind the vehicle, see Figs. 20 and 21.

The device in question comprises a feeder blade which slides along the body 
of the lorry. The line of motion of this blade is directed by a guide beam, 
which it fitted in a central position in the body. The blade is actuated by a 
double-acting hydraulic cylinder, whose piston rod is connected to the blade. 
The other end of the hydraulic cylinder is fixed to a slide, which is equipped 
with a single-acting locking piston, and which moves along the guide beam 
behind the feeder blade. The locking piston is controlled by engaging with 
holes in the upper flange of the guide beam.



Fig. 20. Autom atic sand feeder mounted on a lorry.

In operation, the feeder blade is moved stepwise along the guide beam as 
the ram of the hydraulic cylinder alternately pushes the blade away from the 
slide, which is held securely by the locking piston, and pulls the slide towards 
the blade. A half-turn of the locking piston reverses the motion of the feeder 
blade, which is then pulled behind the slide, towards the front end of the 
platform body of the lorry. An electric level indicator, which is fitted in the 
storage space of the sand spreader, actuates the control valve of the hydraulic 
cylinder, and regulates the rate of feed so as to keep the storage space filled 
to an appropriate level.

This sand feeder weighs about 325 kg. It can be mounted on a lorry in 
about 10 min.

A  prototype sand feeder was constructed and tested in practical operation 
during February and March 1963. Its performance was found to be faultless. 
The final working drawings were prepared after this test. It is also intended 
to test this sand feeder on trailers having a considerably higher payload than 
lorries.

Friction Test Vehicle No. 5

It may be noted in passing that the friction test vehicles of the Institute will 
henceforth be called “ Skiddometers” . Some constructional improvements have 
been put into the friction test vehicle No. 5. Thus, the load is now applied to 
the test wheel by means of special loading weights, instead of being transferred 
from the frame of the vehicle. Furthermore, the shaft which transmits the 
torque from the test wheel to the vehicle was replaced by a Mercedes-Benz 
type sliding joint with rollers. These alterations have reduced the hysteresis in



bration record for each vehicle. This calibration record clearly shows the 
hysteresis which occurs in static calibration of a mechanical system comprising 
hinges, universal joints, and bearings. In spite of this hysteresis, the error in 
measurements is less than ±  i per cent of the full deflection. In friction 
measurements, the errors due to hysteresis are compensated by the vibrations 
of the vehicle while it moves over the road section under test. For routine 
checking in each measurement, the electric measuring system is provided with 
a push-button-operated check device, which gives a specific value of the friction 
coefficient for each friction test vehicle if the measuring system is free from 
defects.

At the present time, friction test vehicles of this type are used in air ports 
in Amsterdam, Copenhagen, Helsinki, and Åbo. During the winter season of 
1962— 1963, the Torslanda Air Port, near Gothenburg, has had a friction 
test vehicle of the same type on loan.

The vehicle is equipped with a charger for convenient charging of the built-in 
storage batteries during the periods between the measurements. This charger has 
now been supplemented with a regulator which automatically reduces the 
charging current to a trickle charge level as soon as the storage batteries are 
fully charged. This eliminates the risk of overcharging, and the staff does not 
have to supervise the charging time.

This friction test vehicle is 2.33 m in maximum width, 4.35 m in length, 
and 1 m in height. Its total weight is 1,500 kg. The two outer wheels, 7.50— 16 
in size, carry a wheel load of 495 kg each, and the test wheel, 7.50— 14 in 
size, carries a wheel load of 492 kg. The slip of the test wheel ranges from 
12 to 15 per cent.

The test wheel tyre is specially intended for friction tests, and was manu
factured in conformity with the specification issued by the ASTM  E -17  Com
mittee in the publication “ Pavement Test Standard Tire” , of June 22nd, 1961. 
This tyre has the same wearing surface pattern as modern aircraft tyres, and 
is well suited for friction measurements on wet runways at high speeds. Pre
paratory tests have been performed at speeds as high as 135 km per h.

The observed coefficient of friction is recorded by a potentiometer grapher, 
in which the paper strip chart is moved at a rate of about 20 mm per 100 m 
of runway length. This chart is about 20 m in length, and is sufficient for 
at least 8 complete tests comprising 3 strips of a runway 3 km in length. The 
vehicle can measure coefficients of friction in the range from o to 1.00, and 
ensures an adequate resolving power. A friction coefficient value of 0.01 corre
sponds to a deflection of 1.5 mm on the chart. As has been mentioned before, 
the error involved in the measuring system amounts to less than ±  1 per cent 
of the full deflection. The total error in the measurements made with this 
friction test vehicle is dependent on the errors in the determination of the 
radius of rolling of the test wheel and the test wheel load, among other factors. 
The last-mentioned errors, in their turn, are dependent on the degree of wear of 
the tyre, the inflation pressure of the tyre, the speed of the vehicle, the slip 
of the test wheel, and the magnitude of the frictional force.



A variant type of the friction test vehicle No. 8, which is designated by 
No. 8 S, and which is intended for measurements on roads, has been designed 
and constructed for the Institute’s own needs and for the Technische Universität, 
Berlin. The difference between these two friction test vehicles consists in the 
fact that No. 8 S is provided with brakes on the outer wheels for braking the 
friction test vehicle at the same time as the towing lorry, and is equipped with 
a brake on the test wheel for friction measurements at a test wheel slip of 
ioo per cent (locked test wheel). The last-mentioned brake is a disc brake.

Friction Test Vehicle No. 9

One of the Institute’s friction test vehicles, No. 3, enables two tyres to be 
tested at the same time under different conditions. This vehicle has been 
described in Institute Report No. 3 6. As it had proved desirable that tyres of 
different sizes might be tested and that the slip might be varied within wider 
limits than those rendered possible by the friction test vehicle No. 3, a new friction 
test vehicle, No. 9, which complies with these requirements, has been designed 
and constructed for the Institute’s own needs and for the Continental Gummi- 
Werke, Hannover.

Fig. 23. Friction test vehicle N o. 9.

1. D raw bar. 2. Fram e. 3. T ra ile r  wheel, right-hand. 4. Loading weight, right-hand. 5. Test wheel, 
right-hand. 6. Length-m easuring wheel. 7. T est wheel, left-hand. 8. C ardan shaft. 9. E lectrically  
operated brake for locking the test wheel. 10 . Freewheel clutch. 1 1 .  T ra iler w heel, left-hand. 

12 . Transm ission chain. 13 . E lectrica lly  operated brake for braking the vehicle.
14 . Spring fo r loading the trailer wheels.



This vehicle can be used for testing tyres of the sizes ranging from 5.50— 12 
(wheel load 300 kg) to 7.60— 15 (wheel load 500 kg) at slips which are stepwise 
variable from o to about 50 per cent. The frame of the vehicle is open back
wards, partly in order to facilitate test wheel replacement.

5-Ton Load Test Vehicle

In Institute Report No. 41 A, p. 48, it has been mentioned that design work 
had been started on equipment for a lorry to be used in the Road Foundation 
Department of the Institute for load tests up to 6 metric tons. In the course 
of further design work, the maximum load was limited to 5 metric tons. This 
equipment, which was completed in the financial year 1962— 1963, is shown 
in Fig. 24.

The equipment in question comprises a track mounted on the frame of a 
lorry and a carriage with loading weights of about 4 metric tons, which is 
movable along this track. The centre of gravity of the carriage is situated right 
above the rear axle of the lorry when the carriage is in the transporting position, 
and 2 m behind this axle when the carriage is in the testing position. The 
carriage is moved by means of hydraulic cylinders.

A  loading hydraulic jack is suspended from the carriage in such a way that 
the jack can be raised and lowered with the help of a hydraulic motor. A  
dynamometer, a load transfer block, and a loading plate are suspended from the 
piston rod of the jack. The upper end of the jack is provided with a yoke which 
serves as an abutment in load tests. The hydraulic cylinders for the travelling 
motion of the carriage as well as the hydraulic motor for raising and lowering the 
loading jack are supplied with oil from the hydraulic pump of the lorry. The 
oil is fed to the loading jack from an accumulator so as to avoid vibration in 
the course of the test. When the carriage is in the transporting position, the 
loading plate rests on the beam frame of the carriage.

In load tests, the carriage is pushed out into the testing position, the jack, 
together with the dynamometer, the load transfer block, and the loading plate,

Fig. 24. Load test vehicle. C ap ac ity  5 metric tons.



Fig. 25. D ynam om eter o f the 5-ton load test 
vehicle.

are lowered, and the yoke is turned so as to support the jack at an appropriate 
height. The load is applied by admitting the oil under pressure to the jack. 
The rate of loading is determined by means of an adjustable throttle valve. 
After completion of the load test, the loading plate, the load transfer block, 
and the dynamometer are raised by means of the jack, and then the carriage 
is partly pushed back into the transporting position. Then the lorry is moved 
over to the next point of load application.

The dynamometer, see Fig. 25, comprises a gauge ring with a dial gauge 
fitted in a frame with two vertical members which are attached to a fixed 
cross piece. A movable cross piece runs in ball bushings along these members. 
The gauge ring has a variable thickness in order that sufficient deflections may 
be obtained without necessitating large dimensions or high stresses in the 
material.

Various Equipments

In connection with laboratory control of transducers for the friction test 
vehicle No. 8, a calibrator has been designed and constructed for these trans
ducers, see Fig. 26. The transducers are clamped in series with a ring dynamo
meter comprising a dial gauge, graduated in 1/1,000 mm, in a high-strength 
frame. This calibrator can be used for loads up to 2,000 kg. The load is applied 
by means of a hydraulic jack.

A calibrator has also been designed and constructed for the manometers 
which are employed at the Institute to measure the inflation pressure in the 
tyres of friction test vehicles. This calibrator is equipped with a mercury 
manometer, which has a gauge pressure range of o to 5 kg per cm2 and an 
accuracy in readings higher than 1 per mil.

A simple data processing machine has been designed and constructed in order 
to facilitate the evaluation of results obtained from friction measurements.



Fig. 2 6. C alibrator for transducers.

Two laboratory cars, which are to be used in the Mechanical Department 
and the Road Foundation Department, respectively, were provided with instru
mentation and wiring in order that these cars might be utilised in conjunction 
with two movable petrol-electric generating sets purchased by the Institute, 
so as to enable telecommunication measuring instruments and other equipment 
which require a 220 V A.C. supply to be used in places where this supply 
voltage is not available. These generating sets supply 220 V, 50 c.p.s. A.C., 
and have a rated output of 1.5 kVA. Two trailers were designed and constructed 
for transporting these generating sets. The trailer to be employed in the Road 
Foundation Department is moreover intended for transport of the equipment 
used in measurements involving radioisotope techniques.

An automatic programmer has been designed and constructed for the equip
ment employed to produce alternating loads which had been mentioned in 
Institute Report No. 40 A, p. 34. This programmer makes it possible to set 
automatically any arbitrary intervals between the pressure pulses, and can 
therefore be used to simulate the compressive loads due to vehicles of various 
types, e.g. lorries with bogies (tandem axles) and trailers, as well as to imitate 
headways between vehicles of different types.

The electrical equipment of the loading outfit for static and dynamic field 
load tests employed in the Road Foundation Department was radically altered 
and extensively supplemented.



Traffic Department

Axle Load Measurements

Method of Estimating Pay Loads when Vehicle Weights are Known

In order to be able to evaluate the transport performance of roads, the Traffic 
Department has evolved and tested a method which makes it possible to form 
routine estimates of the total weight of the loads transported on a road where 
axle load measurements1 are carried out.

Moreover, this method can also be used for approximate studies dealing with 
pay load distributions, with the magnitudes of the loads transported by vehicles 
in various groups of vehicles, etc.

With a view to an empirical determination of the relations between the pay 
load and the vehicle weight in different groups of vehicles, photographic studies 
were made in direct connection with the axle load measurements at seven weigh
ing sites in Central Sweden.

Each vehicle passing a weighing site was recorded in a film frame, together 
with a length scale at the edge of the road, see Fig. 27. The films were evaluated 
by recording the data which are required for determining the unladen weight, 
e.g. the type of vehicle, the make of vehicle, the type of car body, the wheel 
base, i.e. the distance between the front and rear axles, and the length of the 
load space. The paper strip chart obtained from the electronic scale for axle 
load measurements was evaluated at the same time. The group of vehicles, the

1 See Institute Report N os. 40 A  and 4 1 A .

Fig. 27. Film  frames used fo r determining 
vehicle weights. T he instrum ent case o f the 
transportable electronic scale fo r  axle load 
measurements and a row  o f white stakes 
which served as a length scale are visible 
at the edge o f the road.



type of vehicle, the unladen weight, the vehicle weight, and the pay load were 
determined in this way for each lorry.

The pay load, I, of a vehicle is the difference between its vehicle weight, b, 
and its unladen weight, c, that is to say,

/ =  b— c ..........................................................................................................  (i)

I f  the unladen weight, c, of an individual vehicle is not known, then the pay 
load can be written as a function of the vehicle weight

h* =  f(bi) ........................................................................................................  (2)

where i =  the number of the group of vehicles,
* =  a superscript which indicates that the value of the pay load is 

estimated on the basis of certain theoretical assumptions,
/c' — an estimated pay load of that vehicle belonging to the group of 

vehicles i whose observed vehicle weight is b{.

A statistical study of the data collected from the above-mentioned obser
vations showed that the degree of correlation between the vehicle weight and 
the pay load in each individual group of vehicles is high, and that, in dealing 
with the problems under consideration, this relation can to a fair approximation 
be represented by two straight lines in the region o <C b{ <C boi on the axis of 
the abscissa, and, for bt >  boiy by a straight line which has a slope equal to 
unity, i.e. which makes an angle of 450 with the axis of abscissa, see Fig. 28.

Fig. 28. Relation between the p a y  load, 
and the vehicle weight, bu fo r a group o f 
vehicles, i.

The quantity boi is termed c<group unladen weight” , and its value is determined 
so that the sum of the estimated pay loads is equal to the sum of the observed 
pay loads.

Accordingly, the relation given by Eq. (2) can be written

I t  =  bi — boi if b i >  bo i ......................................................................... (3)

and I t  =  o ii  b i <  bo i ..........................................................................  (4)

The unladen weight, cy can be written

c% — b0j if bi >  b()i ......................................................................... (5)

and d =  b-, if b{ <  bo i ......................................................................... (6)

Since the relation in Eq. (2) can be expressed as simply as is shown by Eqs.
(3) and (4), the subsequent data processing is very simple to carry out.



Table 9 gives the values of the group unladen weight which are recommended 
for use in estimating pay loads by means of the method outlined in the above.

Table 9. Group unladen weights, b0, for individual groups1 of vehicles 
or for combinations of several groups of vehicles

G roup o f vehicles G roup unladen weights, in metric tons, 
o f vehicles having wheel bases

Code number Sym bol sm aller than 3.5 m greater than 3.5 m

2 1 3*1

22 6.1

34 8.4

37 7-4

O ther 3-axle lorries ...................... 4.0 7-9

49 V 9-3

46 1 1 . 1

4 i m 10.5

O ther 4-axle lorries ........................ 4-5 10 .3

5 i *  m m a '7

59 12 .0

Other 5-axle lorries ........................ 5-5 12 .0

6-axle lorries .................................... 6.5 * 3*5

7-axle  lorries .................................... 7.0 16 .0

The groups of vehicles that are seldom used in practice were combined in 
composite groups which comprise vehicles having the same number of axles 
and the same wheel base. The group unladen weights in the composite groups 
were estimated so as to take into account the types of vehicles met with in 
these groups, as well as the unladen weights and the frequencies of these 
vehicles.

Table 10 gives the estimated and observed values of the pay loads at the 
seven weighing sites mentioned in the above. The values of the group unladen 
weights, shown in Table 9, were used for all weighing sites. The maximum 
difference between the estimated and observed sums of unladen weights was 
6 per cent, and this indicates that the accuracy of the estimates is satisfactory. 
Calculations showed that the coefficients of correlation between the estimated 
and observed values of the pay load was 0.99. In other words, the correlation 
between these values was found to be nearly perfect.



Table 10. Estimated and observed total pay loads, L* and L, respectively, at the weighing sites under study, 
b o  =  group unladen weight, n =  number of vehicles

Group o f  vehicles

Code
number Symbol bo Svärta Bönsta Jä d ra Spelbo Litslena Arboga Köping A l l  weighing 

sites

2 1 —  ^ 3*i
n
L
L *

20
19.0
23.6

5
0.7
5-2

18
n .5

7-2

6
0.5
0.4

27
48.5
54.2

13
18.0
14.2

20 
15.4 
1 1 .6

109
1 1 3 .6
1 16 .4

n 390 136 43 53 93 55 96 866
L 1095-5 333-5 72.9 102 .1 256.3 9 9.6 339-3 2299.1
L * 1208.6 339.8 73-4 106.8 177.6 62.4 304.8 2273.4
n 57 12 27 4 i 44 36 67 284
L 361.4 59-9 160.8 240.9 337-5 244.8 439.0 1844.3
L * 345.8 55-i 167.5 244.1 349.2 237.8 451.8 18 5 1 .3
n 62 8 31 39 34 1 7 57 248
L 283.3 — 0.9 193.9 234.8 225.1 57.0 497-9 14 9 1 . 1
L * 309.7 1 1 .9 194.8 278.5 214.4 58.5 459-9 1527-7
n 44 7 9 9 21 7 26 123
L ^34-7 12 .7 51.4 72.9 227.7 28.6 157-4 785.4
L 'r 238.7 14.7 47-7 83.2 235.6 23.2 144.7 787.8
n 94 3 29 8 16 2 7 6 228
L 1060.6 22.5 235.2 63.0 I 57-1 12.0 7 16 . 1 2266.5
L * 1072.4 21 .3 227.8 60.3 154.6 12.2 7 19 . 1 2267.7
n 12 3 1 1 5 5 12 39
L 214 .7 25-7 14.7 2 1 .3 74.6 99.4 205.4 655.8
L * 215 .5 25.0 14.2 22.2 75-3 98.3 205.0 655-5
n 60 3 26 24 21 1 1 23 168
L 1027.5 53-i 503.9 497.8 384.3 257.6 449-2 3 I 73-4
L * 1042.4 55.0 501.7 504.8 374.8 261.4 439.8 3179-9
n 34 3 4 1 1 7 59
L 606.1 65.8 26.6 17-5 2-7 7 - 9 993-9
L * 580.2 63-3 29.8 18.3 306.6 998.2
n 5 2 3 4 14
L 92.3 26.6 30.5 98.9 248.3
L * 95-4 26.3 29.6 97.0 248.3
n 6 5 8 1 2 22
L 75-3 46.3 90.2 5-i 30.7 247.6
L * 75-3 50.0 86.8 5-1 19.5 236.7
n 784 182 189 196 266 147 396 2 160
L 5070.4 599.6 1290.6 1380.6 1827.5 822.1 3128.3 14 1 19 .0
L * 5207.6 617.6 1284.3 1446.5 175 1-0 773-1 3062.8 14142 .9

All groups o f vehicles 100*
L
L* 103 102 100 105 95 94 98 100



-------  Observed pay load distribution
--------- Estimated pay load distribution

Fig. 29. Estim ated and observed cum ulative pay load distributions at the S v ärta  weighing site, 
on E  4 R oad , on M ay 23rd and 24th, 1962.

Pay load, I, metric tons
--------  Observed pay load distribution
--------- Estimated pay load distribution

Fig. 30. Estim ated and observed cum ulative p ay load distributions at the Jä d ra  weighing site, 
on E  4 R oad , on M ay 23rd  and 24th, 1962.

Figs. 29 and 30 show the cumulative pay load distributions in three groups 
of vehicles at two weighing sites, viz., Svärta, on E 4 Road, and Jädra, on 
National Main Road No. 70. The full-line curves are based on the observed 
values of the pay load, as defined by Eq. (1). The dash-line curves are 
based on the method of estimating pay loads represented by Eqs. (3) and (4).

It is seen that the observed and estimated pay load distributions in the 
different groups of vehicles are closely in agreement. This means that the 
estimated pay load distributions might in general be used for approximate 
studies.



Estimation of Total Vehicle Weights on the Basis of Traffic Counter Data

As the weighing sites are stationary, and as a definite time schedule has 
been drawn up for axle load measurements, these measurements are fixed in 
space as well as in time. Accordingly, the measurements carried out in conformity 
with the present routine procedure do not furnish any information about the traffic 
on the road sections between the weighing sites or during the intervals between 
the periods of observation. For economic reasons, among others, large-scale 
supplementary studies cannot be made by means of axle load measurements. 
Since it has been found that there exist certain relations between traffic counter 
data and the total vehicle weight, among other factors, the requisite supple
mentary measurements can be carried out by using the vehicle-differentiating 
traffic counter which has been designed and constructed at the Institute1. This 
traffic counter makes it possible to divide vehicles into groups according to 
roughly the same principles that serve as a basis for axle load measurements. 
The results of the axle load measurements have been utilised for studies of the 
accuracy which may be expected to be possible in estimating total vehicle 
weights.

The results obtained from less extensive studies of this type have already 
been published in Institute Reports Nos. 34 and 41 A, and the assumptions 
which served as a basis for the present investigation may therefore be taken 
to be known.

The total vehicle weight of the lorries passing a weighing site is a function 
of the number of lorries and the mean vehicle weights of these lorries, and 
can therefore be estimated from the expression Best. =  2' ni bt.

In computing the estimated total vehicle weight, Be s t at a weighing site, the 
mean vehicle weights, bh in the various groups of vehicles (i) were assumed 
to be constant all over Sweden. The number of lorries, n per group of vehicles 
was obtained from the axle load measurements made at the weighing site 
under consideration. The accuracy in this estimate is determined by comparing 
the estimated total vehicle weight, Best., with the observed total vehicle weight, 
Bobs., at each weighing site.

22
The value of the ratio C — — is directly dependent on the extent to

B est.

which the assumption concerning the constancy of the mean vehicle weights 
is fulfilled at the weighing site in question. This ratio has been studied at a great 
number of weighing sites in the five regions of observation for axle load 
measurements, cf. Institute Report No. 41 A, p. 59, Fig. 26. The values of 
this ratio in the different regions and in all regions taken together are shown 
in Figs. 31 to 35 and in Fig. 36, respectively.

At the weighing sites where the legal maximum axle and bogie loads were 
lower than 8 and 12 metric tons, respectively (hatched rectangles in the above-

1 See Institute Report N o. 4 1 A , p. 63.



'C = |26l -100%Oest.

c=fer*1000/o C = | 2̂ - 1 0 0 %

C = |^ - 1 0 0 ° / o C = | ^ - 1 0 0 %

Figs. 3 1 to 36. Percentage ratio o f the observed and estimated vehicle weights ( — I 00 per

cent) at the weighing sites in the five  regions o f observation for axle load measurements and 
in the w hole o f Sweden. The hatched rectangles indicate the weighing sites at which the 

legal m axim um  axle and bogie loads were low er than 8 and 12  metric tons, respectively.

mentioned graphs), the values of the ratio C were roughly equal to those 
observed at the other weighing sites in the respective regions. This indicates 
that the regulations concerning the axle loads did not have any appreciable 
influence on the vehicle weights.

These graphs show that the deviations from 100 per cent were not so 
great, and this implies that the total vehicle weight of the lorries passing a 
weighing site can be estimated within moderate limits of error on the basis 
of traffic counter data.
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In order that the errors in the estimation of total weights from traffic 
counter data may be further reduced, it remains, in the first place, to find the laws 
which govern the variation in the ratio

C — as a function of space and time.
& e s t .

Method of Estimating Annual Variations in Total Vehicle Weights

The axle load measurements are usually made during one week per half 
year per weighing site, except at six weighing sites in each of the five regions 
of observation, where the measurements are performed during five weeks 
per year.

These random samples shall now serve as a basis for estimating the average 
annual value of the total vehicle weight. Since the axle load measurements at 
each weighing site are carried out so seldom, it is not yet possible to study 
the variation in the total vehicle weight individually at each of these sites. 
This subsection presents the results of an investigation made for the purpose 
of estimating the average annual variation in the total vehicle weight in the 
whole of Sweden.

The routine axle load measurements did not reach their full extent until 
June 1961, and the total data relating to that year are therefore incomplete. 
Repeated measurements at the same weighing site were carried out in 1961 
at some 130 weighing sites. The number of measurements per weighing site 
was two at about 100 of these sites, four at 18 sites, and five at 10 sites. 
These measurements served as a basis for the investigation under review. 
Fig. 37 shows the results of this investigation as well as the relative annual 
variation in the number of lorries having maximum load capacities greater 
than 1.5 metric tons during 1959. The latter variation was determined from 
the traffic counts made in 1959 by the National Swedish Road Board.

As is seen from Fig. 37, these two annual variations based on two entirely 
different sets of data are in close agreement. The respective measurements were 
made, first, at different points of the road system, and second, during two 
different years, viz., 1959 and 1961. The annual variation concerns the number 
of lorries in one case and the vehicle weights of the lorries in the other case. 
Since each of the curves in this graph was plotted from data referring to the

100

_ J L J ------------ ------------------------
J a n .  Feb. Ilarch  Apr. M a y  Ju ne  J u l y  Aug. Sep t. Oct. Nov, Dec.
Total vehicle weight of lorries. Axle load measure
ments in 1961 

■ Number of lorries. M anual traffic counts in 1959

Fig. 37. Annual variations in the per
centage and in the total vehicle w eight 
o f lorries.



same calendar year, the calculations were made without taking accounts of 
the annual increase in the volume of lorry traffic, which may be assumed to 
amount to about 7 per cent.

However, the results of this investigation are to be regarded only as an 
approximate estimate that can be helpful in planning the future programme 
of measurements, which will include routine axle load measurements as well 
as supplementary measurements and studies. Moreover, these results can also 
be of use when the results of axle load measurements are to be interpreted 
with reference to that period of the year during which these measurements were 
carried out.

Behaviour of Road Users at a Motorway Exit Ramp

On a recently constructed motorway section, which forms part of E 4 Road, 
several accidents occurred in October 1961 at a junction with an exit ramp, 
see Fig. 38.

Fig. 38. Sketch o f the road junction under observation.
1. Edge line. 2. S a fe ty  zone. 3. Place o f occurrence o f accidents. 4. O verbridge.

5. Central reservation.

All these accidents were similar in pattern: the vehicles which should drive 
straight ahead on the motorway turned unintentionally into the exit ramp, 
and this resulted in an accident. These driving failures were assumed to be 
partly due to the fact that the visual guidance provided along the road was 
inadequate. In order to find out whether this assumption was correct, and 
whether it was possible to remedy the shortcomings, if any, the Institute has 
studied the behaviour of road users at the junction in question under some 
different conditions.

The preliminary investigations which had been carried out in November 
1961 on the dry carriageway showed that the motor vehicles which were 
moving straight along the motorway travelled at the same average speed, viz., 
slightly above 90 km per h, at this road junction as well as on the straight 
section of the motorway, about 700 m in length, ahead of the junction.



In the studies which were made in the summer and the autumn of 1962, 
the behaviour of the road users at the exit ramp was recorded with a motion 
picture camera, which was placed on an overbridge crossing the motorway. 
Each vehicle passing the exit ramp was recorded automatically in a series of 
about 12 film frames in 10 seconds, i.e. the period during which the vehicle
was present in the area under observation. Each series of film frames was
started when the vehicle passed over a pneumatic detector which was stretched 
across the carriageway at the beginning of the junction with the exit ramp. 
A  time counter, which indicated the time to within 1/10 sec, was also recorded 
during each film exposure.

These studies were carried out in three stages as follows:

Stage No. I. Carriageway marked with intermittent edge lines, 10 cm in 
width.

Stage No. II. Safety zone marked with zebra stripes, and carriageway
marked with intermittent edge lines, 10 cm in width.

Stage No. III. Safety zone marked with zebra stripes, and carriageway
marked with full edge lines, 25 cm in width.

The evaluation of the films comprised the following operations:

(a) Counting of the traffic flow.
(b) Studies of the frequency of driving failures.
(c) Studies of the lateral positions of the vehicles.

The operations (a) and (b) were obligatory, whereas the operation (c) was 
made to a limited extent.

The two types of driving failures which occurred most commonly were as 
follows:

Type A. The vehicles intended to move straight along the motorway, but 
mistook the direction of the motorway, and began to turn into the exit ramp.

Type B. The vehicles intended to turn into the exit ramp but noticed the 
ramp too late to turn into it in a normal manner.

In evaluating the film frames, Type A and Type B driving failures were
subdivided into the following classes according to the size of that portion
of the vehicle which went beyond the edge line while moving straight on:

some portion of the ve h ic le ................................... Class A 1
more than half the width of the veh icle   Class A 2
at least the whole veh ic le .....................................  Class A 3

or according to that distance from the point of forking at which the vehicle 
passed over the edge line:

from 82 to 55 m.................................................. Class B 1
from 55 to 28 m.................................................. Class B 2
less than 28 m .......................................................  Class B 3



The measurements were made mostly on weekdays in fair weather. Similar 
external conditions were required in order that the different stages of this 
investigation might be comparable. This requirement was very difficult to 
fulfil during rain because the intensity of rainfall had a marked effect on 
the results. The measurements on Sundays were not favoured by good weather, 
and it was therefore not possible to use their results for detailed comparisons. 
The results of this investigation are given in Table u .  By comparing them, 
it is found that there were no radical differences between the frequencies of 
driving failures observed during the various stages of measurements, Nos. I, 
II, and III. However, it is probable that the presence of the zebra-marked 
safety zone reduced the number of gross Type A driving failures. It is also 
likely that the presence of the painted wide edge lines diminished the number 
of gross Type B driving failures.

Table 1 1 .  Variation in the number of driving failures per iooo vehicles with 
the design of the safety zone and the road edge line markings at the ramp 
under test

The results of the measurements made in rainy weather were difficult to 
estimate, but on the whole it was found that rain increased the number and 
the degree of severity of driving failures, especially when the rainfall was 
heavy.

These measurements have corroborated the view that an inappropriate design 
of road junctions cannot be compensated only by marks painted on the road 
pavement.

To find out how the lateral positions of the vehicles changed when the 
intermittent edge line, 10 cm in width, was repainted so as to be converted
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Fig. 4 1 . Space-tim e graph. Constructed exam ple.

Graphical Methods and Data Processing

Fig. 41 shows a conventional space-time graph which represents the traffic 
over a road section A —B. If the traffic is dense, then this graph is a confused 
network of closely spaced curves. In travel time measurements, only that 
information concerning the space-time relation is available which is marked 
in Fig. 41 by the points on the time co-ordinates of the end points A and B. 
Therefore, it appears natural to illustrate these two time co-ordinates for each 
vehicle by a time (A) — time (B) graph, see Fig. 42. The points lying above a 
4 5-degree line passing through the origin represent the vehicles which have 
travelled over the road section in the direction from A to B, whereas the 
points below this line correspond to the vehicles moving in the opposite 
direction. The graph obtained in this way is easy to read and to interpret.

The length of the normal drawn from the 4 5-degree line to a point in this 
graph is proportional to the travel time, and the distance from the origin 
to the point at which this normal intersects the 4 5-degree line is proportional 
to the sum of the time (A) and the time (B).

Time (A)

Time (B)

. Time (A)

E
H

Time (A)

Time of passage through Point A , sec 

Fig. 42. Time (A )— time (B) graph for a road section, 6 km in length.



Travel time, t, Speed, v,
sec km per h

sec km per h
#  Private cars and light lorries = P 
X  Heavy lorries = L

Fig. 43. T rave l time graph fo r an E 4 R oad  section.

It is therefore practical to turn the co-ordinate system through an angle 
of + 4 5  degrees about the origin, see Fig. 43. By altering the scale, the new 
co-ordinates can be written

x =  [time (A) +  time (B)] =  z - ~ [time (A) +  time (B)]

\J~2
y =  -7= [time (A) ■— time (B)] =  travel time =  t 

V 2

T =  —  [time (A) +  time (B)] can be interpreted as the time at which the

vehicle would have passed the centre of the road section if its speed had been 
constant. As may be inferred from the above, the time unit of T on the x-axis 
in Fig. 43 must be expressed on a scale which is twice as great as that of t on 
the y-axis.

Fig. 43 shows the results of the travel time measurements made on an E 4 
Road section, which abounds in slopes and curves. Before entering this road 
section, the vehicles which travel northwards have passed a road conforming 
to a high speed standard. I f  the traffic is dense, then queues must form in the 
northward direction on the road section under test, as is indeed seen from 
Fig. 43, cf. Table 12.

Table 12 shows the information which can be obtained graphically from a 
complete set of two-point travel time measurements.



This form of representation is easy to interpret, and can therefore be used, 
for instance, to find out what traffic parameters are significant in a given 
investigation. Furthermore, this method makes possible a quantitative determi
nation of the values of the traffic parameters which have been chosen.

The relations between these parameters and the trafficability of, or the 
accident frequency on, a road can be studied by using various methods of 
analysis. The purpose of such studies is to establish general relations between 
the geometrical design and the trafficability of, or the accident frequency on, 
roads under different traffic conditions.

Table 12 . Directions for interpretation of travel time graphs

Readings taken from  Fig. 43 Sym bols, etc.

For each vehicle, the following readings
can be taken:
Direction of travel (direction 1 or 2)
Type of vehicle (private car [P] or lorry [L]) II X II r<

Travel time t
Travel speed v (measured with a special scale)
Time of entry into the road section F for the vehicle E
Time of exit from the road section G for the vehicle E
Vehicles overtaken and passed
(active overtaking and passing) Points in the area BEG: 

vehicles which were overtaken 
and passed by E

Vehicles overtaking and passing
(passive overtaking and passing) Points in the area EFG: 

vehicles which overtook and 
passed E

Meeting vehicles Points in the areas FIFG K:
vehicles which met E

Other readings:
Traffic flow at each end point of the road
section (time interval F to G) Points in the areas H C D I

and A JK B , respectively
Vehicle density in each direction of travel
(time F) Points in the areas A FC 

and FfF J, respectively
New-formed queues Points in the area L
Dissolved queues Points in the area M
Persistent queues Points in the area N



Since these parameters can easily be determined by means of the above 
methods from the primary data with the help of electronic data processing, 
the investigations can be made on the basis of very extensive data.

Speed Restrictions

Traffic Studies Made in Connection with Temporary Speed Restrictions in 1962

Since the temporary speed restrictions were started by way of trial during 
the Christmas season of i960— 1961, the Institute has studied the effects pro
duced by speed restrictions on the spot speeds, the travel speeds, the occurrence 
of queues, the length of queues, and the mutual adaptation of speeds of succes
sive vehicles. During Whitsuntide, the Midsummer season, and the autumn of 
1961, at the request of the Traffic Safety Committee of 1961, studies were made 
on two road sections which had been selected by the Committee so as to re
present an average National Main Road standard. At the instance of the Com
mittee, similar investigations were also carried out in 1962. Their main object 
was to determine the maximum increase in the travel time caused by speed 
restrictions to 90 and 100 km per h. Furthermore, studies were made of the 
general effect produced by the speed standard of the road on the increase in 
the travel time.

These measurements were carried out by means of the motion picture cameras 
referred to in the above on four high-speed and two low-speed road sections, 
about 5 km in length each. The characteristics of these road sections are given 
in Table 13. The periods of observation, the scope of evaluated data, and

Table i j . Characteristics of the road sections studied in connection with 
temporary speed restrictions in 1962

R oad section 
N o.

Length,
km

W idth, in m, and type 
o f surfacing

Per cent o f road 
length where the 
sight range was 
less than 200 m

G eneral character 
o f road

C arriagew ay Shoulder

1 6.42 7.0
A sphalt

0.5 to 2.5 
G ravel

4 Straight

2 5-44 6.0 to 6 .5 
A sphalt

N one 55 V ery  m any curves 
M any slopes

3 5.87 7 ' °
A sphalt

1.0
G ravel

0 Straight

4 5.69 7.0
A sphalt

M
G ravel

2 Straight

5 4-45 7.0
A sphalt

1.0
G ravel

0 V e ry  straight

6 4-55 6.0 to 6.5 
Asphalt

None 40 M any curves 
and slopes
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Fig. 44. Speeds at the 15-per-cent and 85-per-cent points and average speeds as functions 
o f the speed standard o f the road in three cases, v iz., (1) no speed lim it, (2) speed lim it 90 km 

per h, and (3) speed lim it 100 km per h.



Table 14. Dates of measurements, scope of evaluated data, etc., in travel time 
measurements made in connection with temporary speed restrictions in 1962

R oad
section

N o.

Date of 
measurements

f  =  forenoon 
a — afternoon

Speed 
limit, 

km per h

M ean tra ffic  flow  number 
o f vehicles per hour

Scope o f evaluated data, 
number o f vehicles

D irection
A

D irection
B Total

Direction
A

D irection
B

Total
P L P L P L P L

1 T. 24.4 f 100 197 29 151 20 397 363 40 254 3 1 ON 00 OO

F. 27.4 a 100 179 28 144 1 6 367 277 44 259 21 60I
T. 8.5 f N one 94 27 48 2 1 190 172 39 81 34 326
T. I9.6 f 90 12 7 32 67 22 248 204 48 98 28 378

2 F. 27.4 f 100 1 19 39 99 39 296 206 66 178 é4 514
T. 19.6 a 90 169 28 154 13 364 228 39 169 1 6 452
T. 7.8 a N one 185 3 6 22 1 29 4 7 1 249 46 279 3 1 6 05

3 W. 25.4 f 100 106 32 132 2 6 296 16 1 54 2 15 43 473
w . 16.5 f N one 75 3 i 97 29 232 1 18 53 15° 48 369
w . 13.6  f 90 94 23 1 1 2 29 258 157 42 188 55 442

4 w . 25.4 a 100 152 29 246 2 1 448 291 55 436 32 814
w . 16.5 a N one 106 3 i 128 23 288 194 59 236 39 528
F. 15.6  f 90 163 33 M 3 32 381 19 1 39 17 2 32 434

5 Th. 26.4 f 100 6 1 19 57 27 164 108 38 97 51 294
Th. 10.5 f N one 60 25 49 3° 164 n o 50 95 58 3 H
Th. 14.6 f 90 84 27 57 24 192 172 54 1 1 4 44 384

6 Th. 26.4 a 100 75 28 76 28 207 126 46 134

00 344
Th. 10.5 a N one 7 6 27 83 30 2 16 134 00 140 50 362
Th. 14.6 a 90 IOI 29 81 33 244 158 42 12 3 50 373

N ote. The measurements were m ade during about 1V2— 2 hours per day o f observation per 
road section.
P =  P rivate  cars and light lorries.
L  =  H e a v y  lorries.

the traffic flow during the period of observation are shown in Table 14. The 
measurements were made on weekdays (but not on Saturdays), in daylight, 
when the road was dry, and the visibility was good. Accordingly, their results 
are applicable under these conditions only.

The results obtained on the four high-speed road sections were closely similar, 
and were therefore added together in Fig. 44, which illustrates the main results 
represented in relation to the speed standards of the road sections. The speed 
standard was measured in terms of that speed of private cars and light lorries 
which corresponded to the average travel speed in the absence of a speed limit. 
On the four high-speed road sections, this speed was on an average 87.3 km



per h. On the two low-speed sections, the respective values were 73.1 and 
65.9 km per h.

When the speed limits were 90 and 100 km per h, the travel times of private 
cars and light lorries on the high-speed road sections increased on an average 
by 12 and 6 per cent respectively. These results are in agreement with those 
which were obtained from the investigations made during the Easter season 
of 1961, when the speed limit was 90 km per h, and when the travel time 
of private cars and light lorries on a high-speed section, 17.7 km in length, of 
National Main Road No. 1 increased by about 12 per cent (see Institute Report 
No. 40 A). Moreover, Fig. 44 shows at what speed standard of the road a 
speed limit of 90 or 100 km per h ceased to influence the travel speeds of 
private cars and light lorries. No influence of the speed limits on the speeds 
of heavy lorries was to be observed.

I f  the distribution of traffic among the roads differing in speed standard 
were known, then Fig. 44 could be used for calculating the increase in the 
travel time caused in Sweden as a whole by speed restrictions to 90 and 100 
km per h.

Trafficability of Roads 

Object of Trafficability Studies
The trafficability of roads is not sufficiently known to enable optimum 

investments in roads. The Institute has therefore been requested by the National 
Swedish Road Board to study the trafficability of roads. The principal object 
of these studies is to determine the relations between the speeds of motor 
vehicles and the engineering design of roads under various traffic conditions.

The studies in question will comprise several stages. The first stage, a pre
liminary investigation, was carried out in order to facilitate rational planning 
of the subsequent studies.

Statement of Problem
The preliminary investigation dealt with the general definition of the problem 

under consideration, with the concept of trafficability, and with the results 
of some speed measurements which had been made at the Institute, as well 
as with methodological and theoretical results.

The scope of the problem was limited in several respects. The speeds on 
roads which comprise long gradients, i.e. which pass through areas exhibiting 
great differences in elevation, should be studied in special investigations. In the 
present studies, the trafficability can therefore be considered to be expressed 
in terms of the speed of private cars and light lorries in the absence of speed 
limits. Since these studies are made by means of motion picture cameras, and 
for other practical reasons, the measurements must for the time being be con
fined to certain specific conditions, viz., they must be performed on weekdays, 
in daylight, when the road is dry, and the visibility is good, on road sections 
situated outside of densely built-up areas and characterised by a low traffic 
intensity at junctions.



Scope and Results of Measurements

The scope of the measurements made in the preliminary investigation covered 
the speeds of private cars and light lorries in several places in Central Sweden 
on weekdays, in daylight, when the road was dry. This investigation comprised, 
first, travel time measurements, which were carried out either manually or by 
taking stills with motion picture cameras on 18 different road sections, and 
second, spot speed measurements performed at 8 different points on straight 
road sections. The travel time measurements with motion picture cameras were 
performed by means of the method which has been described in Institute Report 
No. 40 A, p. 37. The spot speed measurements were made with the traffic 
analysers designed and constructed at the Institute, see Institute Report No. 
40 A, p. 35.

The results of these measurements furnished information on the following 
problems:

(1) Speed trends.
(2) Spot speed versus travel speed.
(3) Effect of the transverse profile and the horizontal curvature on speeds.
(4) Relation between the travel time distribution and the speed standard of 

the road.

The spot speed measurements in two places on asphalt-surfaced carriageways, 
7 m in width, showed that the speeds of vehicles on the roads under observation 
had increased on an average by about 1 km per h per year during the period 
from 1956— 1957 to i 9^i j see big* 45* A similar trend of speed development

Fig. 45. Spot speed distributions o f free-m oving private cars on E  4 R oad . Straight road sections. 
Asphalt-surfaced carriagew ays, 7 m in width. These measurements were made in daylight, 

when the road was dry, first, in 1956 and 19 57 , and second, in 19 6 1.



Travel time, t, sec per km 

Private cars and light lorries:
Road sections a 1 to a 6   325 vehicles
Road sections a 7 and a 8  94 »
Road sections b 2 + c 2    699 »
Road sections b 6 + c 1 + c 3    590 »
Road sections b l  + b 3 t o b 5  + c4 ----------- 1491 »
Observation points e l  and e 2 ---- o  1465 »

Fig. 46. T ra ve l speed distributions in d ifferent groups o f road sections and spot speed distribution 
o f free-m oving vehicles on a straight road section. P rivate  cars and light lorries. D ayligh t. 
D ry  road. The spot speeds were measured on an asphalt-surfaced carriagew ay, 7 m in width.

has also been noticed in countries other than Sweden. This result is of great 
interest in connection with traffic forecasts.

The travel speed measurements at low values of the traffic flow on 5 straight 
or moderately curved road sections provided with asphalt-surfaced carriage
ways, 7 m in width, resulted in a travel speed distribution which differed but 
slightly from the spot speed distribution curves relating to private cars and 
light lorries in the absence of a speed limit on a corresponding straight road, 
see the curves on the right in Fig. 46. Such a close agreement is an expression 
of an optimum trafficability of a road section when its transverse profile and 
surfacing are given, since the trafficability of this road section is the same 
as that of a straight road.

These observations of spot speeds and travel speeds enabled comparisons 
between speeds on roads of different types to be made on the basis of objective 
data concerning the transverse profile of the road and subjective classifications 
of roads according to their curvature. The results of such a comparison showed 
that the speeds were substantially reduced when the road was both markedly 
curved and narrow, see Table 15.

From the viewpoint of traffic economy, the most important variable in speed



30 40 50 60 70 80 90 100 110
Speed, v, km per h

Road sections a 1 to a 6   325 vehicles
Road sections a 7 and a 8------------ ---- -------94 »
Road sections b 2  + c2    699 »
Road sections b 6 + c 1 + c 3 ---- -----* 590 »
Road sections b l + b 3  to b 5 + c 4 ----------- 1491 »
Observation points e l  and e2  ---- o  1465 »

Fig. 47. T rave l time distributions corresponding to the speed distributions shows in Fig. 46. 
T he upper scale expresses the speed, in km per h.

studies is the travel time, in seconds per kilometre. The travel speed distribution 
curves have therefore been transformed into functions of this variable in groups 
of road sections differing in speed standard, see Figs. 46 and 47. It was found 
that the increase in the travel time due to the reduction in the trafficability 
was approximately the same for fast-moving and slow-moving motor vehicles. 
This has not been observed before. The practical applicability of this observation 
will be studied closely, because it can greatly facilitate the description of the 
trafficability of a road.

Effects of Road Environment and Traffic Characteristics on Traffic Accidents

One of the principal objects of traffic safety research is to study the road 
traffic accidents in the road and traffic environment where they occur. For 
this purpose, it is necessary to collect statistics which furnish adequate infor
mation on the effects produced on road traffic accidents by road environment 
and traffic characteristics.

An investigation has been undertaken in order to study the necessary con
ditions for establishing a system of such statistics. As a first stage in this 
investigation, the Institute has decided to study the frequency of traffic acci-



Table i y  Variations in the speeds of private cars and light lorries with the 
transverse profile and the horizontal curvature of roads

N ote. The spot speeds are those o f “ free-m oving”  vehicles, which are defined in this connection 
as vehicles fo llow ing one another in both directions o f travel at time intervals greater than 
5 sec. v  (t) is the speed corresponding to the average travel time t. B =  Surfacing, a =  Asphalt, 
b =  Concrete, g =  G ravel, og =  O iled gravel.

N um ber
o f

observation
points

Num ber 
o f road 
sections

Transverse profile v  (t), km per h

C arriagew ay Shoulder H orizontal curvature

W idth, B 
m

W idth, B 
m

Straight “ F a ir ly
straight”

“ C u rved” ‘ M arkedly
curved”

i 8.o a 3.0 a

i 7.0 a 2 -5 g 8?1
i 7.0 a M  g 86

i 7.0 a 0 *5— M  g 901
i 7.0 a °*5  2 *S g 89
i 7.0 a 1.0  a 87

i 7.0 a 1.0  g 8 /
2 7.0 a 1.0  g 87

I 6.0— 6.5 a _ _ 73
I 6.0— 6.5 a —  — 66

i 6.0 a 1.0  g 8 11
I 6.0 b 1.0  a +  g 70

2 6.0 a o-5 g 821

I 5.5— 6.0 a — — 70
I 5-5 og — — 771

I 01O —  — 73
I 5*5 g —  — 57

I 4-5 g — — 58
I 4-5 g — 52
4 4-5 g —  — 48
i 4 -o g —  — 47

8 18 —  — —  — — — — —

1 The average travel time, t, in sec per km, was calculated on the basis o f spot speed 
measurements.

dents at three-way junctions in non-urban areas. Other road environments will 
be investigated at a later time.

The purpose of the above-mentioned first stage of the investigation is to 
study the relations between the accident frequency and various road design 
features under given traffic conditions. Thus, for instance, it is intended to



determine the effects produced on the traffic accident frequency by such factors 
as the geometrical design of the road, the road surfacing, the angle of inter
section between the primary road and the secondary road, and the visibility 
conditions at the time of the accident. The question of the influence of traffic 
control and regulation measures on the accident frequency will likewise be 
studied.

A preliminary investigation which has been carried out in this connection 
was undertaken partly with the object of testing the functional fitness of the 
system of statistics devised on the lines referred to in the above. Some results 
which were obtained from this investigation, and which relate to the types 
of accidents at three-way junctions are presented in what follows.

The investigation in question dealt with data on the traffic accidents which 
had taken place at three-way junctions between National Main Roads and 
other public roads in three counties of Sweden during the period from 1957 
to 1959. These data covered a total of 303 accidents which had occurred at 
three-way junctions or in their vicinity. The accidents under investigation 
are reported to have been preceded by a manoeuvre which was performed by 
some vehicle involved in the accident, and which is attributable to the road 
junction, e.g. turning from the road, braking in order to turn, etc.

In describing traffic accidents at three-way junctions, a distinction is made 
between traffic situation and conflict situation. The term “ traffic situation”  
is used to denote the totality of all those traffic elements which enter into the 
traffic pattern immediately before the occurrence of the accident, and which 
are directly or indirectly of importance in determining the course of the acci
dent. The elements that constitute a “ conflict situation”  are those elements 
entering into the traffic situation whose mutual relation in respect of the ma
noeuvres of the vehicles at the three-way junction was the direct cause of the 
accident.

As is seen from Table 16, accidents where only two vehicles entered into 
the traffic situation were markedly predominant (68 per cent). The total number 
of accidents of this type was 205, including 194 cases where collision occurred

Table 16. Road traffic accidents at three-way junctions classified according to 
elements entering into the traffic situation

T ype o f accident Number o f Percentage 
accidents o f accidents

Single-vehicle accidents......... .............................................................................  27 8.9
O nly tw o vehicles involved  in the tra ffic  situation   205 67.6
M ore than tw o vehicles involved in the tra ffic  situation . . . .  55 18 .2
Pedestrian accidents .........................................................................................  12 4.0
A nim al accidents ................................................................................................. 4 1.3

T otal 303 100.0



between the two vehicles involved in the accident, whereas in the remaining 
1 1 cases only one vehicle was directly involved in the accident (running off the 
road, overturning), and the other vehicle has merely contributed to the oc
currence of the accident. The accidents where more than two vehicles entered 
into the traffic situation numbered 55, including 20 accidents, or 36 per cent, 
which occurred in a queue (at least three vehicles) on the primary road, while 
the secondary road was situated on the right side as seen in the direction of 
travel of the queue. In accidents of this type, the queue leader usually either 
began a turn to the right or braked in order to perform this turn. In the 
single-vehicle accidents, the vehicle skidded in attempting to turn from the 
road, and this caused the vehicle to run off the road or to overturn.

Table 17 gives a breakdown of the accidents by conflict situation. The figures 
show that accidents in connection with turns to the right were markedly pre
dominant. The total number of right-turn accidents comprised 63 per cent of 
the accidents which occurred while turning from the primary road and 20 per

Table i j . Vehicle accidents (except single-vehicle accidents) at three-way 
junctions classified according to types of manoeuvres performed by the 
vehicles entering into the conflict situation1

M a
noeuvre of 
element 1

M anoeuvre o f element 2

n  r - 1 r ~ i r

T otal 
number o f 
accidents

n V
89 (80) 36 (32) 2 ( o 12 7  ( 1 13 )

n l n r
i 6 (10) 24 (3) 3 ( - ) 43 ( 13 )

n ' r
2 1  (19) 3 1  (29) — 52 (48)

r
— 6 (4 ) • ( o 7 (5)

I — 2 (2) — 2 (2)

I f
4 0 0 13  (12) — 17 (14)

— it r — 4 (2) 8 (8) 12 (iO)

T otal 
number o f 
accidents

130  ( h i ) I l 6  (84) 14 (10) 260 (205)

1 The figures in parentheses refer to the accidents where only two vehicles entered into 
the tra ffic  situation.

2 The dash line indicates the intended direction o f travel.



Table 18. Road traffic accidents at three-way junctions classified according to 
types of elements entering into the conflict situation1

Com bination o f conflicting vehicles Num ber o f 
accidents

Percentage o f 
accidents

M otor car— motor car ................................ 142 69.2

M otor car— motor cycle ............................. 22 10.7

M otor car— moped ....................................... 16 7.8

M otor car— bicycle ....................................... 10 4-9
M otor car— other vehicles ........................ 9 4.4

M otor cycle— motor cycle ........................ — —

M otor cycle— moped .................................... 2 1.0

M otor cycle— b ic y c le .................................... 3 M
M otor cycle— other vehicles .................... 1 0.5

T otal 205 100.0

1 Accidents where only tw o vehicles entered into the tra ffic  situation.

cent of the accidents which took place while turning into the primary road, 
i.e., taken together, 85 per cent of the total. Turns to the left were met with 
only in 10 per cent of the accidents. In other words, the accidents of the 
latter type play a relatively subordinate part in comparison with right-turn 
accidents.

Table 18 shows a breakdown of the accidents by type of vehicle entering 
into the conflict situation. At least one motor car entered into the conflict 
situation in 97 per cent of the accidents. Two-wheeled vehicles were involved 
in roughly one-quarter of the total number of accidents. The percentages of 
motor cycles and bicycles involved in accidents at three-way junctions were 
higher than they are on roads in general in the whole of Sweden. This may 
indicate that these unprotected groups of road users are exposed to greater 
risks of accidents at three-way junctions than on roads in general.

Other Activities of the Institute

Connections Abroad

The Institute maintains extensive connections with various Research Institutes 
in this field. The exchange of publications has been continued as during previous 
yers. The Institute has also received visits of 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 of the European Organisation of Road Research Laboratories. 
Furthermore, 10 engineers employed at the Institute have attended congresses, 
etc., in Austria, Belgium, Canada, Denmark, Finland, France, Germany, Great 
Britain, Norway, and Spain.

Stockholm, September 1963.

TH E N A T IO N A L SW EDISH RO AD R ESEA R C H  IN STITU TE

Nils G. Bruzelius
D irector
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