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Board

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

Organization



Staff

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

Staff engaged in

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

Chief Engineer ..................................................................................................  i
Administrative and Technical Offices ........................................................ 6 3

Chief Secretary: Carl Edeblad
Road Surfacings Department ...........................................................................  9 8

Department Chief: Ernst Ericsson
Road Foundation Department   2 5

Department Chief: Nils Odemark
Geological Department   5 9

Department Chief: Folke Rengmark
Mechanical Department   1 1  23

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

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

Number of persons 38 55

Total staff 93

Publications

The following papers have been published in Swedish in i960— 1961. 

Printed Reports:
37. Annual Report of the National Swedish Road Research Institute

for the Financial Year 1959— 19 6 0 ....................................................  i960
37 A. Ditto (in English) ..................................................................................  1961
38. Snow Plough Investigations.................................................................  1961

by B. Kihlgren
39. Friction Properties of Concrete Roads ..................................   1961

by G. Kullberg and E. Ohlsson

Special Reports (Mimeographed):
16. Tentative Practical Definition of Trafficability Concept...............  1961

by S. Grunden

In addition, papers by the staff of the Road Research Institute have been 
published in the Swedish Road Association Journal and elsewhere.



Research and Investigation W ork  at the Institute

During i960— 1961, the Institute has pursued general road engineering 
research on the same lines as before. Just as in the previous years, the Institute 
was entrusted by various State and local authorities as well as by private under
takings with a large number of commissions for research into current problems 
concerning roads and air fields. Moreover, the work of the Institute included 
consultation varying in scope.

Road Surfacings Department

Investigations into the Properties of Road Oils for Oiled Gravel Roads

The research work on road oils for oiled gravel roads has proceeded along the 
same lines as those mentioned in the last annual report (Report 37 A). The method 
used by the Institute for fractionating the road oil constituents by selective 
precipitation with different solvents has been further developed and slightly 
modified. The repeatability of this method was found to be as satisfactory as 
that of the corresponding method recommended by the Institute of Petroleum 
(IP 143/57), which is more time-consuming. However, the results of the two 
methods are not quite comparable.

The distillation curves of a number of samples of oils used in routine work 
varied considerably but were usually within the limits of the Swedish specifi
cations for oils intended for oiled gravel. The variations of the asphaltene and 
resin contents were less marked.

The oils delivered in i960 and 1961 can be divided into two typical groups 
in respect of the asphaltene and resin contents, viz. one with approximately 
5 %  of asphaltenes and 30 %  of resins, and the other with 9 %  and 20 %, 
respectively. These constituents are considered to be the binding principle in the 
oils. Notwithstandning the difference between the respective asphaltene and 
resin contents, no appreciable divergence in road properties between the two 
types used in i960 was to be detected until the end of that year. However, 
some observations, especially those made when laying the oiled gravel, point to 
some differences in binding properties, which might become more pronounced 
in course of time. These and other experiences indicate that more trials must 
be made under carefully controlled conditions in order to make it possible to 
find out whether there is any correlation between the percentages of precipitable 
materials contained in the oils and their performance on the road.

Among others, two oils differing in composition were tested in i960 on trial 
road sections. One of them had an unusally low asphaltene content, only 2 % , 
and a resin content of 18 °/o. In order to obtain a satisfactory adhesion, 2 °/o 
of a fatty amine had to be added to this oil. The other oil had a rather high



asphaltene content, 15 %, and a resin content of 25 °/o. Its viscosity was 500 
cSt at 54°C, a higher temperature than that specified for the routine oils. The 
oiled gravel containing this oil was somewhat difficult to lay and to scarify. 
Scarifying was also difficult with oiled gravel containing an oil which had an 
asphaltene content of 7 °/o, a resin content of 30 °/o, and a viscosity of the distil
lation residue of 500 cSt at 73°C.

Adhesion Tension between Cut-Backs and Stone Material

During the investigations of the adhesion tension between cut-backs and stone 
material it was found that the results of different test series made on the same 
materials were consistent in each series, but exhibited considerable differences 
between the series. Therefore, and in view of other facts, it was deemed 
necessary to investigate the reproducibility of the method of testing.

The procedure in testing was rigorously standardized. Care was taken to 
exclude foreign substances, e.g. those coming from the laboratory air, which 
could be adsorbed on the fine stone material used for the test. With Stockholm 
granite, consistent results were obtained, but spontaneous penetration, with 
displacement of water in the stone material by the cut-back, “active adhesion” , 
was achieved only when the content of an adhesion agent was comparatively 
high, e.g. 2 %  of the fatty amine, Stearine Amine HPL, was needed.

This value refers to the stone material crushed immediately before the test. 
A sample of the same granite crushed half a year earlier and stored in a closed 
container needed only 1.5 %  of the same adhesion agent. It was concluded that 
the stone material must in some way be conditioned for testing the relative 
activity of different adhesion agents. Several methods were tested, but the best 
way of conditioning seems to be an exchange of metal ions on the mineral 
surfaces for hydrogen ions in solutions of a suitable pH. The treatment of 
Stockholm granite with 0.0i-N  hydrochloric acid, followed by very thorough 
washing and drying in vacuo, gave an active adhesion with 1 %  of the above 
adhesion agent. The corresponding value obtained with a solution of carbon 
dioxide in water saturated at atmospheric pressure was 1.3 %. The repro
ducibility was good. The conditioning of a standard stone material with carbon 
dioxide seems to be useful when studying the adhesion properties of different 
amines.

Estimation of Adhesion by Means of Testing Tensile Strength

The investigations of the influence of aliphatic acids on adhesion, as estimated 
by the method of determining the relative tensile strength of wet bituminous 
mixtures, have been reported earlier. These investigations were continued.

Estimates of the degree of adhesion were made on mixtures of quartz and 
asphaltic bitumen. Use was made of a commercial preparation containing 14 %  
of palmitic acid, 70 %  of stearic acid and 14 °/o of arachidic acid. The influence



of addition of limestone filler was studied. This material decreased the adhesion 
of mixtures containing granitic stone material. In order to remove any calcite 
which might possibly be present in the quartz, a part of the quartz material was 
treated with hydrochloric acid and thoroughly washed. Table i shows the 
results. Instead of the expected decrease of the adhesion, an increase was 
observed. The cause of this discrepancy is still obscure.

Field Trials

Test road sections were prepared for testing oil for oiled gravel roads and 
adhesion agents for the oils. On other test sections, emulsions having a cation 
active emulgator were used for surface dressings, and epoxide resins were tried 
for some surface treatments. The purpose of these surface treatments was to 
increase the coefficient of friction. This purpose was achieved to some extent.

Other Investigations

The properties of some minerals and rocks used as fillers were investigated to 
some extent. However, it would be premature to draw any conclusions from 
these experiments. The Marshall method for determining the stability was 
applied on the bituminous mixtures which are commonly used in Sweden. In 
this case also, it is too early to draw any safe conclusions.

Road Foundation Department

Investigation of Bearing Capacity, Design and Construction of Roads 
and Airfield Runways

The investigations of the theory of vibration testing and static-dynamic test
ing have been intensified, and equipment for field tests has partly been delivered. 
The investigation of soils by means of small scale static-dynamic loadings in
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Fig. i. Transport of a reactor vessel from the Huddinge Railw ay Station to the Ägesta Nuclear 
Power Station, near Stockholm. Transport weight 80 metric tons.

the E-modulus apparatus, as described in the preceding annual report, were 
continued. This type of tests will also be made in a new apparatus designed 
for making very short time repeated loadings.

The field equipment consists of a common two-axle trucking trailer, axle 
distance 5.74 m. The trailer carries heavy loading beams and a set of water 
tanks. A load can be applied on bearing plates — placed on the road midway 
between the axles—by means of a jack, which is supplied with pressure oil from 
an automatically operated oil pump, designed to make repeated loading tests 
up to 15 metric tons. The equipment can be adjusted to give momentary 
loadings with a time of rest between loadings which can be arbitrary chosen. 
The same equipment can be used for static plate bearing tests up to 22 metric 
tons.

The Institute has taken up the problem of road design for transport in 
connection with the construction of large industrial plants, such as water power 
stations, dams etc. Formerly, the very dense and heavy traffic during the time 
of construction was made on low type gravel roads w'hich resulted in high 
vehicle maintenance costs. Total transport of up to 20 million m3 of soil and 
rock have been made on low type gravel roads using vehicles with axle loads 
of up to 35 metric tons. The tire cost have in such cases been as high as 10 
Swedish kronor per hour. New designs of better roads are expected to reduce 
vehicle maintenance costs. The Institute has started investigations of this problem 
with the intension to get proper designs for optimum total costs taking into con
sideration both vehicle and road costs.



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

In i960— 1961 roads for transport of heavy equipment were surveyed in 
several cases. One of them was a transport of a total weight of 80 metric tons 
from the Huddinge Railway Station to the Ågesta Atomic Power Station at 
Ägesta near Stockholm. A trailer, Fig. 1. of a common type was used in this case. 
The maximum tyre load was 2.9 metric tons.

Road transport of heavy electrical equipment of the type described in the 
preceding annual report was in quite a few cases supervised by the Department. 
An interesting transport totalling 330 metric tons will take place next year from 
the Segmon Railway Station to the Borgvik Transformer Station, County of 
Värmland. Investigations including plate bearing tests are being made in order 
to estimate the bearing capacity and to obtain designs for strengthening the 
existing roads.

Compaction Control

Tests were made for comparing the well-known proctor optimum density test 
with a known method in which the material is compacted by vibration and not 
by tamping. Except for compaction, the technique was the same as in the con
ventional proctor test. The material to be tested was placed in a cylinder of the 
same size as that used in the proctor test. The cylinder was fastened to a vebe 
vibrating table. In the cylinder was placed a circular plate with a vertical 
shaft welded at the center of the plate. The shaft was guided to allow free 
vertical movement of the loading plate, and a weight was attached to the top 
end of the shaft. The pressure on the soil was 2.1 lbs per sq-in. (150 g/cm2).

Tests have so far been made on gravel and sand at a constant frequency of 
vibration. Compaction was carried out by placing the material in layers in the 
cylinder and by vibrating each layer. Tests were carried out when number of 
layers were 1, 2, 3, 4 or 5, and the vibration time on each layer was Vi, V2, 1, 
2, 3 or 5 minutes. In Fig. 2, some results are compared with the results of the 
conventional modified proctor results. It was found that compaction in 5 layers 
during 5 minutes for each layer was necessary for obtaining about the same 
density as the modified proctor test density. The tests seems to indicate that the 
difference between proctor and vibration compaction is somewhat larger at 
low moisture contents.

Since the moisture contents of soils are required for control of compaction in 
field tests, the Department has made some control tests on a “Speedy Moisture 
Tester”  of British make. In this test, a soil sample is placed in an airtight holder, 
and a known amount of powdered calcium carbide is placed in the holder at 
the same time. The amount of gas evolved is a function of the amount of water 
in the sample. The pressure of the evolved gas, which is a function of the 
amount of gas, is registered by a manometer whose readings directly give the
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Fig. 2. Comparison between Proctor compaction and compaction by vibration. Static pressure 
150 g per cm2. Vibration time for each layer 15 sec., 30 sec., and 1, 2, 3, and 5 min. 

Maximum particle size 16 mm.
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Fig. 3. Comparison between the moisture content determined by using calcium carbide in 
“Speedy Moisture Tester”  and the moisture content determined by drying and weighing.

moisture content in per cent of the wet weight. The results of the comparative 
tests are shown in Fig. 3.

Stabilisation with Bitumen, Cement or Lime

The ever-increasing heavy road traffic has an adverse effect on the evenness 
of the roads. The road users, however, are demanding a better riding quality 
nowadays, and the roads must therefore be built stronger in order to maintain 
a good riding quality. The solution to this problem seems to be stabilisation of 
the granular materials in the road structure with a view to preventing migration 
of granular particles and also to increasing the bearing capacity. During the



Fig. 4. Core, 15 cm in diameter, drilled from 
a base course of prepacted and grouted 
macadam.

year some test roads have been built with base course stabilised either with 
cement or with bitumen. For subbases or for the subgrade lime has also been 
tried.

A new type of cement-stabilised base course was introduced which is made 
in the following way. On the well-compacted subbase is placed a base course 
of 15 to 20 cm crushed rock of a fairly open gradation. It is very thoroughly 
compacted by means of a vibrating roller. On the top is then spread a very 
loose mortar of cement and rather fine sand in proportion 1 :4  or 1 :5  to an 
amount equal to the voids in the compacted base course. The vibrating roller 
is then used to force the mortar into the voids between the particles without 
disturbing the original compaction. No mortar should be left on the surface, 
and the rock particles should be free of mortar. A rather thin, conventional 
asphalt pavement is laid on top of the base course. No cracks in the asphalt 
pavements due to shrinkage and cracking in the cement-stabilised base course 
have so far been observed. The cracks which eventually will occur are expected 
to do no harm to the asphalt pavement as the base contains a rather small 
amount of mortar filling out voids in a precompacted macadam base. Fig. 4. 
shows a 15 cm core drilled from a finished base before the paving. The volume 
of mortar is 25 to 30 per cent of the total volume.

A few lime stabilisation tests were made during the year. It can be of special 
interest to mention the technique used for laboratory tests to show the 
strengthening effect of adding lime to materials containing clay. The materials
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Fig. 5. Typical results of tests made on lime-stabilised clay in the E-modulus apparatus. This 
test is non-destructive, and can therefore be repeated after storage.

are mixed with lime and compacted in the holder of the E-modulus apparatus. 
The modulus of elasticity is determined first after compaction, and then on the 
same sample after storing in a moist room up to ten days. Fig. 5. shows some 
typical results.

Concrete Pavements

Specifications were prepared for placing a new top of 8 cm concrete on the 
entire surface of a scaled concrete runway. Very good adhesion to the old 
surface was ensured by cleaning the old surface and by coating it with PVI- 
emulsion. This technique seems gradually to replace the old patching method.

Some tests were made to improve the friction properties of an old, very 
smooth concrete road. The following methods were tried:



(1) Using a machine of U.S. origin (Tennant) to roughen the surface.
(2) Painting the surface with Epoxy and spreading of quartz sand, size 1 to 2 

mm in thickness.
(3) Washing with concentrated H C1.
(4) Spreading of steel grit and driving of vibrating roller a few times over 

the surface.

The friction was measured by the Mechanical Department of the Institute 
(slip ratio 17 per cent, velocity 80 km/h). The results are given in Table 2.

Table 2

Method i 2 3 4

Coefficient of friction before treatment 0.64 0.63 0.60 0.55—0.5 6

Coefficient of friction after treatment . . 0.64—0.69 0.65— 0.73 c.64— 0.67 0.5 5— o.61

Epoxy with sand gave the best friction results, although the improvement in 
friction was not as great as expected when friction was measured by means of 
a test vehicle. After half a year in service very little of the treatments was left 
excepting the Epoxy-treatment which was in a fairly good condition.

After one year all quartz sand on the Epoxy-treated surface was gone in 
the wheel-tracks and the friction on the Epoxy without sand was found to be 
lower than on untreated concrete surface.

Geological Department
Frost Research

Further research into the causes of frost cracks on roads was carried out on 
the test roads previously constructed in Norrland and on new test roads.

On these test roads, organogenic materials (peat and bark), among others, 
were spread under the base and the subbase in order to retard the frost 
penetration into the soil. The situation of the boundary of the frozen zone was 
continuously determined by means of frost depth indicators during the frost 
season. This made possible a fairly accurate determination of the dates of frost 
penetration through the various courses constituting the base and the subbase.

On Öjebyn 1958 Test Road, peat layers, 13, 25 and 33 cm in thickness at the 
centre of the road, were spread under the three-course work, which consisted 
of a bituminous surfacing, a standard gravel base course, and a subbase of 
gravelly sand. The total thickness of these three courses was 80 cm. The cross- 
sectional shape of the peat layers is plano-convex, the curved surface facing 
downwards.



Table j .  Maximum depth of frost penetration and freezing index. Öjebyn 1958 
Test Road. Frost season 1959—1960

Total thickness 
of surfacing, 
base course, 
and subbase 
=  80 cm 
(exclusive 
of peat layer)

Maximum 
depth of 
frost
penetration 
at centre of 
road, cm

Difference 
in maximum 
depth of 
frost
penetration 
between 
centre and 
edges of 
road, cm

Freezing 
index at 
the time of 
maximum 
depth of 
frost
penetration,
degree-days

Freezing 
index at 
the time 
of frost 
penetration 
to bottom 
level of 
peat layer, 
degree-days

Date of frost 
penetration 
to bottom 
level of 
peat layer

1 2 3 4 5 6

Section Ö n ,  . . .  
peat =  0 cm

146 12 M 3° — —

Section Ö 12, 
peat =  15 cm

14 1 8 1,430 481 7/10

Section Ö 13, . . .  
peat =  25 cm

140 3 1,430 678 19/10

Section Ö 14, . . .  
peat — 35 cm

137 2 1,430 910 8/2

Section Ö 15, 
peat = 1 5  cm

145 8 1,430 557 13/1

Section Ö 16, 
peat — 25 cm

140 6 1,430 735 22/1

Section Ö 17, . . . , 
peat =  35 cm

136 0 1,430 I O I O 16/1

Section Ö 18, , , , 
peat =  0 cm

147 *3 1,430 — —

The frost-retarding effect of the peat layers is clearly shown by the values of 
the maximum depth of frost penetration at the centre of the road, see Table 3. 
On all test road sections, frost has penetrated inte the subgrade. However, the 
frost-retarding effect of peat is indicated by the fact that a peat layer, 35 cm 
thick, has reduced the maximum depth of frost penetration by about 10 cm at 
a freezing index of 1,430 degree-days. As is seen from Table 3, the difference 
in the maximum depth of frost penetration between the centre and the edges 
of the road decreases as the thickness of the peat layer increases. This implies 
that the normal deflection of the boundary of the frozen zone at the centre of 
the road has been reduced. This deflection was 12 to 13 cm on Road Sections 
Ö 11  and Ö 18, which are not provided with peat layers. On Road Sections 
Ö 14 and Ö 17, which comprise peat layers, 35 cm in thickness, the corre
sponding value of the deflection varies from o to 2 cm. Column 5 in Table 3 
shows that a higher freezing index is required for frost penetration through a 
thicker peat layer. The value 1,010 degree-days, which is required for frost



penetration through the peat layer, 35 cm thick, on Road Section Ö 17, is close 
to the maximum value, 1,430 degree-days, which was reached during the frost 
season .1959—1960. Column 6 gives the date of frost penetration to the bottom 
level of the peat layer. This date is of course reached earlier when the peat 
layer is thinner. The results obtained on öjebyn 1958 Test Road confirm the 
theoretical estimate of the frost-retarding effect of peat layers.

In principle, Räktfors 1958 Test Road is constructed in the same way as 
öjebyn 1958 Test Road, but the peat layers on the former road are 20, 30, and 
40 cm in thickness. The subgrade consists of an old gravel road on frost- 
susceptible sediments.

Table 4. Maximum depth of frost penetration and freezing index. Räktfors 
1958 Test Road. Frost season 1959—1960

Total thickness of 
surfacing, base 
course and subbase 
— 80 cm 
(exclusive of 
peat layer)

Maximum 
depth of 
frost
penetration 
at centre 
of road, cm

Difference 
in maximum 
depth of 
frost
penetration 
between 
centre and 
edges of 
road, cm

Freezing 
index at 
the time of 
maximum 
depth of 
frost
penetration,
degree-days

Freezing 
index at 
the time 
of frost 
penetration 
to bottom 
level of 
peat layer, 
degree-days

Date of 
frost
penetration 
to bottom 
level of 
peat layer

1 2 3 4 5 6

Section 1, ................
peat =  0 cm

226 4 i 1.529 — —

Section 2, ................
peat =  20 cm

2 1 1 44 1.529 331 15/12

Section 3, ................
peat =  30 cm

193 4 i 1.529 619 1 5/1

Section 4, ................
peat — 40 cm

183 32 1.529 722 19/1

Section 5, .............
peat =  20 cm

187 3° 1.529 344 22/12

Section 6, ................
peat =  30 cm

1 67 17 1.529 561 12/1

Section 7, ................
peat =  40 cm

174 22 1.529 722 19/1

Section 8, ................
peat =  0 cm

2 1 6 37 1.529
"

The results of the investigations made on Räktfors 1958 Test Road are re
produced in Table 4. By studying the values given in this table, it is found that 
their trends are not so clear-cut as in the case of öjebyn 1958 Test Road. 
However, on Road Sections 1 to 4, the depth of frost penetration decreases 
consistently as the thickness of the peat layer increases. A peat layer, 40 cm



thick, reduced the maximum depth of frost penetration by about 40 cm. In the 
series of road sections 8—5—6—7, which are equivalent in respect of construction, 
the depth of frost penetration diminishes on the whole as the thickness of the 
peat layer becomes greater, except that the value for Section 6 is too low and 
the value for Section 7 is too high. This can be attributed to the fact that the 
character of the soil underlying the base and the subbase of this road is subject 
to wide variations. Therefore, the resistance to frost penetration must also vary. 
Accordingly, the soil conditions must be mapped more circumstantially in order 
that the results of observations may be submitted to a detailed analysis.

Klinten B i960 Test Road was constructed on an existing road with a 
bituminous surfacing, which was in fact a strengthened gravel road. This test 
road was provided with a V-shaped bark layer, the vertex of the V facing 
downwards. The bark layer is 25 cm thick at the points situated on the right 
and left sides of the road at a distance of 1 m from its centre. The subbase 
courses, which consisted of gravelly sand, were spread on the top surface of 
the bark layer. Then followed a standard base course and a bituminous 
surfacing. The total thickness of the latter three courses was 80 cm. The 
subgrade is easily compressible clay belonging to Frost Susceptibility Class III.

Table 5 gives some results of the measurements on Klinten B i960 Test Road. 
The maximum depth of frost penetration varies from about 170 to 200 cm on 
the road sections provided with bark layers, and from about 230 to 260 cm on 
the road sections without bark layers. In other words, a reduction of up to 60 
cm in the depth of frost penetration was obtained in this case. The values of 
the difference in the maximum depth of frost penetration between the centre 
and the edges of the road are negative on the road sections with bark layers 
and positive on the road sections without bark layers. This shows very clearly 
the effect of the bark layers. The high resistance of bark to frost penetration 
is also well exemplified by the values given in Table 5, Column 5.

The retarding effect of peat and bark on frost penetration has been plainly 
demonstrated on these three test roads. The total retarding effect increased as 
the thickness of the organogenic layers became greater. In order to counteract 
the higher rate of frost penetration at the centre of the road, it is therefore 
required that the thickness of the organogenic layer in this part of the road cross 
section should be greater than at the edges of the road. The cross section of the 
peat layers studied on öjebyn 1958 and Räktfors 1958 Test Roads had a 
circular lower boundary and a plane upper boundary (trough shape). However, 
if the organogenic layer is to have this shape, then the actual layer is liable to be 
approximately box-shaped rather than trough-shaped on account of the con
structional difficulties met with in excavating the subgrade. It is for this reason 
that a V-shaped, and not a trough-shaped, cross section was chosen for the con
struction of the organogenic layer on Klinten B i960 Test Road. The effect of 
this cross-sectional shape is indicated by the circumstance that the difference in 
the maximum depth of frost penetration between the centre and the edges of 
the test road in question on the sections with bark layers was about 20 cm 
smaller than on the sections without bark layers. On the other hand, the



Table j. Maximum depth of frost penetration and freezing index. Klinten 
B i960 Test Road. Frost season i960— 1961

Total thickness of 
surfacing, base 
course and subbase 
=  80 cm 
(exclusive 
of peat layer)

Maximum 
depth of 
frost
penetration 
at centre 
of road, cm

Difference 
in maximum 
depth of 
frost
penetration 
between 
centre and 
edges of 
road, cm

Freezing 
index at 
the time of 
maximum 
depth of 
frost
penetration,
degree-days

Freezing 
index at 
the time 
of frost 
penetration 
to bottom 
lever of 
peat layer, 
degree-days

Date of 
frost
penetration 
to bottom 
level of 
peat layer

1 2 3 4 5 6

Section B 2 1, .........
bark =  25 cm

194 — 3 I >322 479 23/12

Section B 22, .........
bark =  0 cm

260 18 1,322 407 15/12

Section B 23, .........
bark =  25 cm

199 — 2 1,322 537 3/1

Section B 24, .........
bark =  0 cm

2 55 20 1,322 2I7 25/11

Section B 25, .........
bark =  25 cm

201 — 13 1,322 541 4/1

Section B 2 6, 
bark =  0 cm

229 9 1,322 146 16 /11

Section B 27, .........
bark =  25 cm

17 1 — 1 1,3 2 2 6 11 9/1

corresponding value observed on öjebyn 1958 and Räktfors 1958 Test Roads, 
which are provided with trough-shaped organogenic layers, was approximately 
half as great, i.e. about 10 cm. However, this conclusion is not wholly reliable, 
since the organogenic layers on the three test roads under consideration are not 
of the same type. Nevertheless, the results obtained from these tests have 
demonstrated the positive effect of organogenic layers in reducing the difference 
in the depth of frost penetration between the centre and the edges of the road, 
and in counteracting the formation of longitudinal frost cracks on roads.

Geoelectric Soil Surveying

The geoelectric method of soil surveying (which has been described e.g. in the
1958— 1959 Annual Report of the Institute) was used during the financial year 
under review in three large gravel investigations. This method was employed in 
estimating the extent, the structure, and the quality of known deposits as well 
as in prospecting for new deposits. So far as can be judged from the experience 
available at the present time, geoelectric soil surveying has given correct results 
in all these cases.



Geoelectric soil surveying was used in the County of Gävleborg, on some sites 
in connection with a new road project, for determining the situation of the 
bedrock in some moraine hills which should be cut through by the planned road. 
Soundings, sinking of trial pits (to a relatively small depth only), and seismic 
prospecting were subsequently carried out on three sites. This made it possible 
to compare the results obtained by means of different methods of soil surveying. 
The observations made up to now indicate that the accuracy of the soil profiles 
determined by the aid of the geoelectric method is satisfactory.

In order to test the applicability of the geoelectric method in various fields, 
geoelectric measurements were carried out in the Kebnekajse area and in 
Jotenheimen at the request of the Department of Geography, University of 
Stockholm. The measurements in these areas were made on moraine ridges 
associated with recent glaciers (lateral and terminal moraines). The purpose of 
these measurements was to find out to what extent these ridges contain buried 
ice masses. The measurements in question constituted a stage in a comprehensive 
investigation dealing with the mode of formation of moraine ridges. The results 
of the geoelectrical soil surveys were subsequently compared with the results of 
seismic prospecting and borehole prospecting, which were found to be in 
agreement with the results of geoelectric soil surveying.

Chemical Soil Stabilisation

Tests were made in order to study the effects of chemical additives on the 
physical properties of soils, primarily their effects on the rate of frost heaving.

These tests were carried out on a stiff clay (SV 50099), which had a clay 
content of 54 per cent. Slaked lime, Ca(OH)2, was used as a stabiliser. In 
connection with the determination of the rate of frost heaving, the effects of 
slaked lime on the strength and the plasticity of the clay were also investigated. 
The results of these investigations are represented in Fig. 6, which shows that the 
plastic limit and the liquid limit of the clay increase when slaked lime is added 
within the range of calcium hydroxide content used in the tests, i.e. from 0 to 8 
per cent. The plastic limit increases more rapidly than the liquid limit. Con
sequently, the plasticity index, and hence also the range of plastic consistence, 
decrease as the calcium hydroxide content increases.

When slaked lime is added to clay, the strength of clay immediately increases, 
see Fig. 7. This increase becomes greater as the moisture content decreases. At 
high moisture contents, the increase in strength is rather moderate or slight. As 
is seen from Fig. 7, the strength of the clay at a moisture content of 30 per cent 
increases very considerably when the slaked lime content increases to 2.5 or 3 
per cent, i.e. to that value at which the consistence of the clay passes from the 
plastic range to the solid range at the moisture content in question. A further 
increase in the lime content causes only an insignificant increase in the strength 
under consideration.



Ca(OH)2 content, per cent by weight.

Fig. 6. Liquid limit, plastic limit, and plasticity index as functions of the lime content. Ffeavy 
clay, SV  50099. Lime added to moist clay.
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Fig. 7. Relation between the relative cone strength and the lime content at various water 
contents. H eavy clay, SV  50099. Lime added to moist clay.



Ca(OH)2 content, per cent by weight

Fig. 8. Variation in the rate of frost heave with the lime [Ca(OH)2] 
content of heavy clay, SV  50099.

The investigations which were made in order to determine the effect of slaked 
lime on the frost-heaving properties of the clay, see Fig. 8, showed that the rate 
of frost heaving first becomes higher as the lime content increases up to about 
3 per cent, and then slightly diminishes. It should be emphasised, however, that 
the increased rate of frost heaving is in some measure due to a higher initial 
moisture content (see Fig. 8) before the freezing analysis of those samples to 
which lime had been added. The initial moisture content was higher because care 
had been taken to compact the samples to the same consistence, so that the same 
work of compaction was required in making the test specimens.

The increase in the rate of frost heaving brought about by the addition of 
slaked lime to the clay is probably caused by the structural change which takes 
place in the clay. The addition of lime gives rise to flocculation of clay particles, 
with the result that the permeability of the clay increases. This affords greater 
opportunities for increased moisture flow to the boundary of the frozen zone, 
and hence for an increase in the rate of frost heaving. If a dispersing additive, 
e.g. sodium pyrophosphate, is used instead of a flocculating agent, then the clay 
particles are packed together more closely. This may be expected to decrease the 
permeability of the clay, and hence to diminish the rate of frost heaving. Indeed, 
this was found to be the case when the clay was subjected to a freezing analysis, 
see Fig. 9.



Fig. 9. Variation in the rate of frost heave with the sodium pyrophosphate (Na4Ps07) content
of heavy clay, SV  50099.

Furthermore, Fig. 8 shows that the rate of frost heaving of lime-stabilised 
clay increases as the storage time becomes longer within the range of storage time 
used in the tests (9 days). This indicates that the structural change (coagulation 
or particle conglomeration) which takes place in the clay owing to the addition 
of lime is not instantaneous but takes some time, and that this time is longer 
than 9 days for the clay submitted to the tests. The long-term effect of the time 
factor has not been studied. Moreover, in addition to the effects which have 
been mentioned in the above (increase in strength, structural changes, etc.), lime 
also has other effects on clay, e.g. chemical reactions between lime and clay. 
These reactions are slow, and continue for a long time (years). They give rise 
to a firmer bond between the soil particles, and hence increase stability. It is 
probable that these factors cause a reduction in the rate of frost heaving of clay, 
in contradistinction to the increase in this rate described in the above.

Surveys of Deposits of Road-Building Materials

The reconnaissance begun in 1959— 1960 at the request of the County of 
Jämtland Road Authority with a view to investigating the suitability for road 
construction of the rock materials available in this county was completed.

Fig. 10 represents the results showing the percentage of flaky particles and 
the coefficient of brittleness of the rock materials under investigation. This 
graph indicates that the strength of the samples subjected to the tests is in general 
adequate if the percentage of flaky particles is taken into account. Fiowever, it



Notations:

•  G ra n ite , g ra n ite -g n e iss , g ra n ite -m y lo n ite , gneiss 

X  P o rph yry , po rp h y ry -g n e iss , p o rp h y ry -rn y lo n ite  

A D iabase , g a b b ro  

A A m p h ib o lite

®  Q u a rtz ite , m ostly  Vem da! q u a rtz ite

O  » , Ström  q u a rtz ite

0 » , sha ly

Q  Q u a rtz ite -sa n d s to n e , spa ra g m ite , le p tite  

<D Limestone

24, etc. =  Sam ple fro m  S ite N o . 24, etc.

Fig. 10. Investigation of rock materials 
in the County of Jämtland, i960. The 
points represent the positions of the sam
ples subjected to the tests in the graph 
showing the relation between the coef
ficient of flakiness and the coefficient of 
brittleness.



seems that the rock materials in question are to a large extent liable to yield a 
brittle crusher-run product.

As is seen from Fig. 10, among the types of rock included in this investigation, 
the diabases usually possess a very high strength. This is due to their character
istic (ophitic) structure, in which the mineral particles are closely interlaced, 
with the result that the rock is tough.

Two types of quartzite, among others, can be distinguished, viz., Vemdal 
quartzite and Ström quartzite. Fig. 10 shows that the former type generally, but 
not always, has a higher strength than the latter.

Moreover, it is seen from Fig. 10 that the small number of limestone samples 
which have been tested gave good results in respect of the percentage of flaky 
particles and the coefficient of brittleness. From this point of view, limestone 
proved to be comparable to quartzite. However, limestone is softer than quartzite, 
and therefore less resistant to wear. In consideration of the above, further 
investigations should be made with a view to more reliable estimates of the 
suitability of limestone for surfacings.

The comprehensive survey of gravel deposits in the Hällefors area, which 
had been undertaken previously at the request of the Hellefors Bruks AB, was 
completed.

Soil Surveys

At the request of the National Swedish Board of Civil Aviation, soil surveys 
were carried out in the Bulltofta Air Fort. Proposal for improvements were 
submitted in concert with the Road Foundation Department on the basis of the 
results obtained from these surveys.

A soil survey was also made at the request of the Royal Skaraborg Armoured 
Regiment. A soil map of the area in question was prepared. This map indicates 
those portions of this area which have a low bearing capacity during certain 
periods, especially in the course of thaw. Furthermore, some proposals for 
improvement of the bearing capacity of the ground surface were brought 
forward.

Other Activities

The consultative activities included testing of samples submitted for determi
nation of the suitability of materials for various road uses. These tests were 
mainly concerned with the susceptibility of different types of soils to frost, and 
freezing analyses were in some cases carried out at varying pressures. Moreover, 
the Department made petrographic determinations of rock materials at the 
request of the National Swedish Road Board and other bodies, and examined 
samples of materials submitted for estimation of their suitability for road con
struction.



Mechanical Department

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

Snow Ploughs

An account of the snow plough investigations carried out by the Institute was 
completed in the course of the financial year i960— 1961, and was published in 
Institute Report No. 38.

Friction Investigations on Ice

During several years, the Institute has been conducting field tests in order to 
study methods of improving friction between rubber-tyred wheels and road 
pavements covered with snow and ice. The primary purpose of these tests was 
to gain experience which might be utilised in practice. However, the analysis 
of the test results has clearly demonstrated the need for basic research in this 
field.

The results of field tests are influenced by varying meteorological conditions. 
Therefore, it is difficult to segregate the effects of the various factors to be 
studied. Accordingly, as a first stage in basic research, laboratory tests con
cerning friction between polished ice and rubber disks were made in the road

Fig. 1 1 .  Device for friction measurements on ice 
attached to the road machine of the Institute.



Speed, km per hour

I;ig. 12. Relation between the coefficient of friction and the speed at various temperatures foi 
two grades of rubber designated by A  and B.

machine of the Institute (described in Institute Bulletin No. 69), in which the 
temperature can be maintained constant. A device for friction measurements, 
see Fig. 1 1 , was specially designed and constructed for these tests. This device is 
attached to one of the arms of the road machine. The device in question is provided 
with a rubber disk, 150 mm in diameter, which is pressed against the ice surface 
by a spring exerting a force of 300 kg. The frictional force produced when the 
disk moves along the ice surface is converted into voltage, which is recorded by 
a graphic instrument.



The tests were made on three rubber disks, which differed in hardness, at 
sliding speeds of up to 40 km per hour and at ice temperatures varying from 
o°C to — i8°C. Fig. 12 shows the coefficient of friction as a function of the 
sliding speed for two of the rubber disks, A and B. The disk A is made of a 
grade of rubber which has a lower modulus of elasticity than that used for the 
disk B. The tests showed that the coefficient of friction increases as the modulus 
of elasticity of rubber becomes lower. Furthermore, it was found that the 
coefficient of friction decreases as the speed increases. The rate of change in 
the coefficient of friction at low speeds is greater than at high speeds. Flowever, 
the effect of the speed is insignificant at temperatures in the neighbourhood of 
o°C. At a constant speed, the coefficient of friction increases as the temper
ature decreases.

Friction Investigations on Roads in Winter

The study of the condition of roads in the winter-time was continued. On 
five occasions friction measurements were carried out on some sections of 
a motorway in the vicinity of Stockholm at different times during the winter 
i960—1961. Fig. 13 shows as an example the results of the measurements made 
by means of the Institute’s friction test vehicle No. 5 on December 8th, i960, 
on the above-mentioned motorway. On that occasion, the road was in a very 
bad condition. It was snowing, and the temperature was —3°C. The carriage
way had been sanded in the forenoon. Two series of measurements were carried 
out at an interval of about one hour. The measurements were made at a test 
wheel slip of 17 per cent and at a speed of 50 km per hour on several road 
sections, about 140 m in length each, which were separated by road sections 
about 700 m in length each. The histogram in Fig. 13 represents the frequency 
distribution of the coefficient of friction. The class interval, i.e. the width of 
each rectangle, corresponds to a coefficient of friction of 0.05. The results were 
classified not only according to the two series of measurements, but also according 
to the direction of travel. Moreover, the results relating to two sections of 
this motorway are given separately in view of the difference in traffic flow 
between these sections. The traffic flow in each direction of travel was 2,900 
vehicles per day on the road section from Danderyd to Viggbyholm and 1,800 
vehicles per day on the road section from Viggbyholm to Ullna. It is seen from 
the frequency histogram in Fig. 13 that the coefficient of friction was in general 
lower than 0.2. The highest observed value was 0.5. There is no considerable 
difference between the two series of measurements, which were made at an 
interval of about one hour. These tests have shown that a sudden snowfall can 
give rise to situations which are extremely difficult to cope with from a friction 
point of view. In such situations, the use of snow clearing and sanding methods 
employed at the present time cannot possibly prevent the roads from coming 
into a condition which makes very great demands on skill and judgement of 
motor vehicle drivers.
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Friction Investigations on Pavements

Further friction investigations were made on road pavements of various types. 
They were first carried out by means of the Institute’s friction test vehicle 
No. i, which was replaced in the autumn of i960 by a new friction test 
vehicle, called “ friction test vehicle No. 5” (a brief description of this test 
vehicle has been published in Institute Report No. 37, see also Fig. 14). Some 
of the investigations made in this connection are outlined in what follows.

Early in October i960, by invitation of Professor Dr.-Ing. habil. B. Wehner, 
Technische Universität, Berlin, the Institute took part in the friction measure
ments carried out in Schleswig-Holstein and in the surroundings of Hamburg. 
Other participants were Institut fur Strassen- und Verkehrswesen, Technische 
Universität, Berlin, and Statens Vejlaboratorium, Copenhagen, which sent a 
friction test vehicle each. These measurements were also attended by observers

Vehicle data:
Wheel base 3,400 mm. Engine rating 120 H.P. at 4,000 R.P.M . T yre size 7.50— 20. Rear axle 
gear reduction ratios 1 :  5.83 and 1 : 8 .11.

Legend:

1 : 1  Test wheel. 2: 1 Winged hub nut. 3: 1 Lever. 4: 1 Lever axle. 5: 1 Spring lever. 6: 1 Spring. 
7: 1 Wheel load dynamometer. 8: 1 Spring attachment. 9: 1 Lifting jack cylinder, test wheel. 
1 0 : 1  Lifting link. 1 1 :  1 Vibration absorber. 1 5 : 1  Speed-measuring wheel. 16:  1 Transducer 
for speed measurements. 2 4 : 1  Lifting jack cylinder, measuring wheel. 3 1 : 1  Magnet valve. 
32: 1 Water nozzle. 33: 1 Attachment for calibrating device. 34: 1 Amplifier and oscillator. 
3 5 : 1  Recorder. 3 6 : 1  Speed indicator. 3 7 : 1  Slip indicator. 3 8 : 1  Water flow indicator. 

39: 1 Starter for automatic brake programmer. 40: 1 Control valves for lifting and
connecting devices.

Pig. 14. Test vehicle No. 5 of the Institute.



from the Road Research Laboratory, London, and Comité de la Glissance, 
Association Internationale Permanente des Congrés de la Route, Paris. The 
Swedish test vehicle made measurements at test wheel slips of 17 and 100 per 
cent. The German test vehicle carried out measurements at a test wheel slip of 
100 per cent (locked wheel) only. The friction measurements made by the 
Danish test vehicle were based on a different principle, viz., the measurement 
of the lateral force acting on a freely rolling test wheel, which is in an oblique 
position with reference to the direction of travel. The purpose of these in
vestigations was, first, to compare the results of measurements made by the aid 
of three different friction test vehicles on the same road sections and in the 
same weather, and second, to afford a basis for international agreements 
regarding the method of friction measurement. The three test vehicles used in 
these measurements were equipped with test wheels whose tyres were made of 
the same grade of rubber, and were identical in tread. The measurements were 
carried out on 11  road sections in all, which were provided with asphalt or 
concrete pavements. The speeds were 20, 40, 6o, and 80 km per hour. After 
the test results had been analysed at each institution participating in the tests, 
the final results of these investigations were summarised by Professor Wehner in 
a detailed report entitled “ Comparative Measurements of Skid Resistance on 
Roads in Hamburg and Schleswig-Holstein, October 3 to 14, i960, Technical 
University of Berlin” . This report was submitted to the Comité de la Glissance 
at its meeting on April 26th, 1961, in Paris. Representatives of the National 
Swedish Road Research Institute were also present at this meeting.

During the financial year i960—1961, just as in 1959—1960, repeated 
friction measurements were made on asphalt and concrete pavements on a 
motorway near Stockholm. These measurements were carried out at intervals 
of 2 to 3 weeks, with the exception of the periods when the road was covered 
with snow and ice, or when the friction-measuring equipment of the Institute 
was not available because it was used for other purposes. The object of these 
measurements is, first, to examine the aggregate effect of weather and traffic 
during a relatively long period of time, and second, to study the seasonal 
variations in the coefficient of friction. Therefore, the traffic flow, the temper
ature of the air, and the precipitation were continuously measured during the 
whole year. These measurements will also be continued in the course of the 
financial year 1961 — 1962. Fig. 15 shows the results of the measurements which 
have been carried out and analysed up to now. The values of the coefficient of 
friction in these two graphs are mean values which relate to the two carriage
ways of the motorway, and which refer to braking from a speed of 90 km per 
hour to a standstill. It is seen from Fig. 13 that the friction characteristics of 
the pavements have not appreciably deteriorated during the period under con
sideration—possibly with the exception of the concrete pavement in the 
measurements at a slip of 17 per cent, where the reduction in the coefficient of 
friction was on an average about 0.1 in the course of two years. Seasonal 
variations of about 0.1 per cent at slips of 17 and 100 per cent were observed 
on both asphalt and concrete pavements.
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Fig. 15. Variation in the coefficient of friction with the time on asphalt and concrete pave
ments on a motorway near Stockholm.

Friction measurements were also made on a sett pavement, about 20 years old, 
where several skidding accidents had occurred. The values of the coefficient 
of friction observed on the watered carriageway at a speed of about 40 km per 
hour were found to be 0.51 and 0.30 at test wheel slips of 17 and 100 per cent, 
respectively. For comparison, it may be mentioned that the values of the 
coefficient of friction observed on an old sett-paved test road laid in 1941 — 
1942, where friction measurements had been carried out in the financial year
1959— 1960 (see Institute Report No. 37) under analogous conditions, varied 
from 0.52 to 0.64 and from 0.31 to 0.41, respectively. This sett pavement has 
since been covered with a Type MAb (soft asphaltic concrete) pavement. On 
another pavement of the latter type which is situated in the neighbourhood, 
the respective observed values of the coefficient of friction measured under 
similar conditions were 0.81 and 0.57, that is to say, they were considerably 
higher than the values for the sett pavement.

In connection with traffic accidents which occurred on a concrete pavement, 
it has been stated in various quarters that this pavement was particularly 
slippery at the exits from the gravel pits situated in the vicinity. It was con
sidered that the slipperiness of this pavement was due to the extremely dense
traffic flow of heavy lorries from the gravel pits. It was assumed that some
constituents of the exhaust fumes from the lorry engines gave rise to the
formation of a greasy coating on the road surface. Moreover, it was argued



that the sand spilled from the lorries at the exits from the gravel pits caused 
a substantial decrease in friction.

In order to investigate the actual situation in this case, the Institute made 
friction measurements with the help of its friction test vehicle No. 5 on this 
road section early in November i960.

These measurements were carried out on two control sections and on a test 
section which was treated by using several methods. Each section was about 75 
m in length.

To begin with, the measurements were made on the pavement such as is was. 
Then, the friction characteristics were studied after the test section had been 
treated by means of the methods enumerated in what follows.

(1) Sanding with 0.3 to 0.5 m3 of sand per km of traffic lane. Sand particle 
size o to 3 mm.

(2) Sweeping with a rotating piassava brush.
(3) Cleansing with a special detergent, immediately followed by washing with 

water and sweeping with a rotating piassava brush.

The control sections were swept at the same time as the test section, but were 
not subjected to any other treatment. The pavement was watered in all tests.

Some results of these tests are reproduced in Table 6, which gives the values 
of the coefficient of friction at speeds of 20, 40, 60, and 80 km per hour and at 
slips of 18 per cent (//r) and 100 per cent (/%).

Table 6. Coefficients of friction observed on a concrete road 
pavement in the neighbourhood of gravel pits

/uv at a speed, fig at a speed
Road section in km per hour, of in km per hour,’ of

20 40 60 80 20 40 60 80

Control section .................................. .........  °-75 0.69 0.65 0.62 0.62 0.51 0.43 0.3 9
Test section (non-treated) .............. o.68 0.63 0.61 0.59 0.56 0.48 0.41 0.35
Control section .................................. .........  0.73 0.68 0.65 0.63 0.62 0.52 0.43 0.37

Control section .................................. .........  0.78 0.73 0.71 0.69 0.64 0.56 0.48 0.41
Test section (sanded) ...................... o-37 0.36 0.35 0.33 0 k> 00 0.25 0.22
Control section ................................. 0.71 0.68 0.67 0.63 0.53 0.45 0.40

This table shows that the friction characteristics of all road sections were 
fairly good when the surface was untreated. However, the coefficient of friction 
for the test section at slips of both 18 and 100 per cent was lower than that for 
the two control sections.

Sanding of the concrete pavement caused a considerable decrease in the 
coefficient of friction. The value of this coefficient observed on the sanded 
section was about 50 per cent lower than that on the two adjoining control 
sections.



Sweeping led to the result that the friction-reducing effect of sand was 
eliminated, and that the coefficient of friction for the test section became 
slightly higher than it had been before sanding.

Cleansing followed by washing with water and sweeping of the test section 
did not cause any substantial improvement of the friction characteristics of the 
pavement. However, it was not possible to find out whether the effect produced 
by cleansing was slight because the pavement was not appreciably coated with 
oil or because the cleansing was not efficient enough.

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

Scales for Axle Load Measurements

During the major part of the financial year under review, the Instru
mentation and Vehicle Laboratory was occupied in design and construction of 
scales for axle load measurements (see Institute Report No. 35) to be supplied 
to the National Swedish Road Board.

Many difficult engineering problems had to be solved in developing field 
instruments which should be suited for accurate axle load measurements by the 
aid of transportable measuring and weighing equipment. Among other things, 
it was found necessary to provide the instrument case with temperature control 
in order to ensure a maximum stability of the amplifiers forming part of the 
measuring equipment. The instrument case must be heated in the winter-time 
and cooled in the summer-time. This problem was solved in a simple way by 
using a double-acting thermostat, a heating element, and a cooling fan, as well 
as inlet and outlet valves for the cooling air. Since the summer temperature in 
Sweden hardly ever rises above 30°C, the thermostat was set at 30°C. This 
control system proved able to maintain the interior temperature of the instru
ment case constant within ±  3°C  to ± 4°C.

Unit for Headway Measurements

An auxiliary unit for use in conjunction with the traffic analyser (TA 3) of 
the Institute was constructed on the basis of a prototype designed in the Traffic 
Department. This unit is employed for measuring the time space between two 
successive vehicles in a traffic stream, see also p. 33.

Equipment for Travel Time Studies

An equipment for travel time studies was designed in the Laboratory. This 
equipment is intended for use in conjunction with the above-mentioned traffic 
analyser. In principle, the equipment in question consists of an electronic 
control unit, an instrument board, and a camera. This equipment can record 
not only the type, the make, and the number of a vehicle, but also the time of 
day, the number of the film frame, and the speed of the vehicle in a coded form, 
see also p. 37.



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

A transportable drilling equipment for cutting cylindrical samples from con
crete pavements was constructed for the Road Foundation Department. This 
equipment consists of a Craelius Type AB-2 core-drilling machine using a 
diamond drill crown. This machine is mounted on a lorry chassis, so that it can 
be quickly moved. Furthermore, the lorry chassis carries a Bolinder-Munktell 
45 FT P. diesel engine for drill drive and a water tank having a capacity of
1,000 1. The drilling machine is provided with a hydraulic downward feed and 
a lifting device for the drill spindle.

An equipment for the production of alternating loads was needed for various 
types of tests, but no suitable equipment of this kind was available on the 
market. Therefore, a hydraulic drive unit was designed and constructed for 
such tests. This unit comprises a crank mechanism which is driven by an electric 
motor, and which imparts a nearly sinusoidal motion to one end of a calibrated 
spring, while the other end of this spring exerts a pressure on a pump piston. 
The frequency can be varied within the limits from 30 to 240 load cycles per 
minute. Hydraulic loading devices, which differ in the diameter of the pump 
piston, can be connected to this drive unit, so that a variable compressive 
force can be produced. Owing to the compression of the sample, this force is 
slightly smaller than that which would be obtained if the sample were not 
compressible. If this error is allowed to be 2 per cent, then a compression of 10 
mm is permissible in using this equipment when the amplitude of the force is 
100 kg. For 500 kg, the permissible compression is 2 mm.

A graphic instrument was required for recording transverse profiles of road 
pavements. Such an instrument was needed for the soil freezing tests conducted 
by the Geological Department and for recording the formation of wheel tracks 
in the dynamic loading tests made by the Road Foundation Department. A 
profilograph was designed and constructed for this purpose. It consists of a 
straight edge and a carriage moving on this straight edge. The carriage is 
provided with a chart paper drum and a tracer. The profile is recorded on a 
vertical scale of 1 to 1 and on a horizontal scale of 1 to 25. The length of the 
straight edge is 3.5 m. The chart paper size is so large that the transverse profile 
of a road, 7 m m  width, can be recorded on the same chart.

A tensile tester for frozen soil samples was designed and constructed for the 
Geological Department. Three cylindrical samples, 60 mm in diameter and 
300 mm in length, can be submitted to a load of 600 kg each in this tester. The 
tester is enclosed in a heat-insulated case.

A tensile tester was designed for the tests which are conducted by the 
Surfacings Department on pavement slabs, 15 X  25 cm in area and varying in 
thickness. This tester operates at a constant rate of increase in load, whereas the 
commercial tensile testers operate at a constant rate of increase in strain. In the 
tensile tester of the Institute, the load is applied by means of a poise which is 
movable on a beam. The poise is driven by a thyratron-controlled variable- 
speed D. C. motor. In tensile tests, the rate of load increase can be varied in the



range from 4 to 10 kg per min. The maximum capacity of this tester is 150 kg. 
The tester can also be used for compressive tests. In these tests, the rate of load 
increase can be varied in the range from 26 to 65 kg per min, and the maximum 
load is 800 kg. The tester will be equipped with a graphic instrument for 
automatic recording of stress-strain diagrams.

Traffic Department

Unit for Measuring Time Space between Successive Vehicles

A traffic analyser for recording the speed, the type, the traffic situation, and 
other characteristics of vehicles has previously been designed and constructed 
at the Mechanical Department of the Institute. The speed is calculated on the 
basis of pulses emitted from two detectors which are stretched across the car
riageway. The type and the traffic situation of a vehicle are recorded by means 
of a control box, on which the settings are made manually by an observer. The 
data are recorded in the form of combinations of punched holes in a teleprinter 
tape, see Fig. 16.

O th e r da ta

T

Time space —  —  Speed

Fig. 16. Strip chart of the traffic analyser.

An auxiliary unit, see Fig. 17, has been designed and constructed in order 
that the time space between successive vehicles in a traffic stream, may be re
corded at the same time. This time space is recorded on the teleprinter tape in 
the traffic analyser at the same time as speed and other data.

The data recorded on this tape are evaluated by an electronic data pro
cessing machine. This can be done by using various programmes. Thus, this 
equipment makes is possible to study some of the variables which characterise 
the traffic at a point of observation on the road.

In the first place, electronic data processing gives routine results concerning 
the amount and the composition of traffic as well as the distributions of speeds 
and time spaces at different traffic flows. In the second place, the results 
obtained from data processing are of value in studying relatively dense traffic. 
This study includes such factors as, for instance, the speed of, and the differ
ence in speed between, successive vehicles as functions of the time space between



Fig. 1 7. TA  3 traffic analyser with auxiliary unit for time space measurements.

these vehicles, the length and the number of vehicle queues, the average speed 
of vehicles in queues varying in length, the type of queue leader vehicle— 
private car or lorry—, etc. These analyses are also carried out so as to take
account of the amount of traffic flow.

Table 7 reproduces some results obtained from calculations of the last- 
mentioned type which were made on the basis of the data relating to private
cars on a straight two-lane section of National Main Road No. 13. This table
shows the mean speed and the difference in speed at different time spaces. A 
marked reduction in the mean speed was observed at the traffic flow in 
question when the time space was less than 12 seconds. The standard deviation 
in the difference in speed shows that the mean absolute value of the difference 
in speed considerably increased up to a time space of 18 seconds. The results 
indicate the adaptation of the speed of a vehicle to that of the vehicle ahead. 
This has also been expressed in Table 7 by the correlation between the speeds of 
successive vehicles. This correlation was on an average positive and highest when 
the time space between the vehicles was 1 to 2 seconds, and then decreased as the 
time space increased. The decrease in correlation with the increase in time space 
is consistent, and expresses, on the one hand, the fact that long time spaces are



partly due to differences in speed between vehicles. On the other hand, the increase 
in correlation with the decrease in time space expresses the fact that short time 
spaces are in part due to the above-mentioned adaptation of vehicle speeds to 
that of the vehicle ahead. The Institute will closely examine these functions, 
and will study their variations with the traffic flow on road sections differing 
in standard, as well as behind and ahead of places which are dangerous to 
traffic, such as e.g. road junctions.

Table 7. Speeds and other characteristics of private cars at varying time space

Straight level two-lane section of National Main Road No. 13. Wet pavement. Mean traffic 
flow in the direction of travel under consideration: 240 vehicles per hour, including 2.3 per cent 
of lorries.

Time space, sec. Number of 
vehicles

Mean speed, 
km per hour

Comparison with the vehicle ahead

Difference in speed,
km per hour Correlation

Mean
value

Standard
deviation

oetween
speeds

o to I .................. 53

T00

— i -5 10.5 0.66
i to 2 .................. 164 000 0.2 8.5 0.79
2 to 3 .................. 108 83.5 1 .1 12.4 0.56
3 to 5 .................. 86 83.1 — O .I I 3*1 0.50
5 to 8 .................. 87 86.8 0.7 16.4 0.23
8 tO 12 .................. 79 88.7 0.6 16.0 0.26

12 to 1 8 . . .  ......... n o 90.0 0.2 17-5 0.13

M O
O O U

» O 1 12 87.2 — 0.8 21.4 — 0.31
above 30 .................. 14 1 90.1 0.3 20.6 — 0.22

Total 940 85.9 0.6 13.9 0.27

Note. The vehicle ahead may be a private car or a lorry.
The difference in speed is the speed of the vehicle under consideration minus the speed 
of the vehicle ahead.

Equipment for Travel Time Studies

In studies of the travel time on a road section, it is necessary to note, among 
other things, the type, the registration number, and the instant of passage of 
each vehicle. Similar studies have formerly been carried out by taking random 
samples and by recording the data manually. This method is unreliable and 
expensive. Furthermore, it cannot be used if it is desired to record all vehicles in 
a dense stream of traffic. A special equipment was therefore designed an con
structed for this purpose. In principle, this equipment comprises an electronic 
control unit, an instrument board, and a camera, see Fig. 18. The instrument 
board carries a synchronous clock, which indicates the time in tenths of a



Fig. 1 8. Equipment for travel time studies.

second, a counter, which indicates the number of the film frame, and five signal 
lamps. When a vehicle passes over a rubber tube detector stretched across the 
carriageway, see Fig. 19, the shutter of the camera is released, and a photograph 
is taken of both the vehicle and the instrument board. The data recorded in 
the film frames are transferred to punched cards for a data processing machine.

If the speeds of vehicles are also to be recorded, then this equipment is used 
in conjunction with the traffic analyser, see Fig. 17. In that case, the spot 
speed of the vehicle is indicated in a coded form by the signal lamps. The 
photograph is taken when the vehicle passes over the detectors of the traffic 
analyser, see Fig. 20.

This equipment has been used in several different investigations. The results 
of two of them are briefly summarised in what follows.

Cam era D e tec to r C am era TA 3 D e tecto r

Figs. 19 and 20. Schematic sketches showing the set-up at a point of observation.

Relation between Travel Speed and Engine Rating of Private Cars

Measurements of the travel time were made on a section, 20 km in length, of 
National Main Road No. 13, see Fig. 22. The traffic flow during these 
measurements was less than 300 vehicles per hour. As is seen from Fig. 21, the



make and the model of each vehicle can also be determined in addition to the 
other recorded data. Vehicles moving at speeds below 40 km per hour were 
not included in these measurements. The engine ratings of the vehicles were 
determined from the exterior of the vehicles. In doubtful cases it is possible to 
get information on the engine power from the central vehicle register. The 
vehicles were divided into three classes according to their engine rating, see 
Table 8.

Table 8. Relation between the travel speed and the engine rating of private cars

Vehicles with Number
or vehicles engine ratings studied

Number of vehicles travellin 
in km per hour, of

g at a speed,
Mean 
travel 
speed, 
km per 
hour

50
to
55

0 
0 

0
V-v 

\0

0 
0 

^
SO 

*-> 
'O

65
to
70

7°
to
75

75
to
80 OO

 
rt

 
O

O
 ̂

O 
Q 8 5

to
90

90
to
95

less than 40 H.P. . . 221 4 2 5 42 62 50 27 9 2 73
from 40 to 80 H .P 320 1 2 1 7 58 104 86 4 i 12 2 74
more than 80 H .P. 62 1 2 2 4 18 19 13 2 1 76



As is seen from Table 8, the mean travel speed was nearly independent of 
the engine rating. Of course the speed is determined by more factors than the 
engine rating, for instance by the age of the driver.

Relation between Mean Travel Speed and Place of Registration of Private Cars

The measurements for this investigation were made on the road section 
referred to in the above, see Fig. 22. These measurements were carried out on 
weekdays in April, June, and September. The mean travel speeds were calcu
lated for four groups of private cars, viz., those registered in the City of Stock
holm (A), in the County of Stockholm (B), in the County of Uppsala (C), 
and in all other counties taken together. The results of these measurements are 
given in Table 9, which shows that the mean travel speed was highest in the 
case of the A cars and lowest in the case of the cars registered in the other 
counties. However, the difference in travel speed between these four groups is 
very slight.

Table 9. Mean travel speeds of private cars registered 
in different counties

Time of 
measurement A cars B cars C cars Cars registered 

in other counties

Date Week
day

Num
ber
of
cars

Mean 
travel 
speed, 
v, km 
per hour

Num
ber
of
cars

Mean 
travel 
speed 
v, km 
per hour

Num
ber
of
cars

Mean 
travel 
speed 
v, km 
per hour

Num 
ber
of
cars

Mean 
travel 
speed 
v, km 
per hour

May 18, 61 Th. 75 75 38 72 5i 73 44 73
M ay 3°> 61 Tu. 59 74 36 7 i 38 72 53 72
June 15> 61 Th. 73 75 53 74 55 75 72 74
June 2 1, 61 W. 55 73 42 73 39 74 55 72
July 20, 61 Th. 72 71 34 68 14 69 99 68
Aug. 3T 61 Th. 39 73 34 7 1 49 72 32 7 1

Total for
6 weekdays 373 73 237 72 246 73 355 7 1

Temporary Speed Restrictions

A temporary speed limit of 80 km per hour was introduced in Sweden for 
the period from December 22nd, i960, to January 9th, 1961, in order to 
increase traffic safety during the Christmas season, which always entails 
intense traffic.



In connection with this speed restriction, measurements were made in order 
to study the speeds of motor vehicles and the occurrence of queues. The speed 
measurements were carried out by the Institute, with the aid of the TA3 
traffic analyser at six observation points, and by the State police, with the 
help of a radar speedometer in 21 of the 24 counties of Sweden, at one point 
in each county. The points of observation were situated on straight level road 
sections. The measurements were made in daylight on weekdays—excluding 
the eves of holidays—during, as well as before and after, the speed limit period. 
Queue measurements were carried out at two of the observation points, where 
the instant of passage of each vehicle was recorded graphically by means of 
a pen recorder connected to the traffic analyser.

In connection with a speed limit of 90 km per hour imposed during the
Easter season 1961, measurements were also made on holidays. Furthermore, 
these studies were supplemented with measurements of travel speeds on some
road sections with a view to examining the economic effects of a speed
restriction. These measurements were carried out by the aid of manual recording 
methods.

In the spring of 1961, the Swedish government appointed a committee with 
the terms of reference to prepare and to follow trials concerning speed restric
tions as well as to report on the effects produced by these trials on traffic 
safety and on other characteristics of traffic. This committee requested the 
Institute to continue the studies which had been initiated earlier. The measure
ments in connection with a speed limit of 90 km per hour introduced during 
Whitsuntide 1961 were conducted in about the same way as those made during 
the Easter season. The travel time measurements during Whitsuntide were 
carried out on other road sections. The records comprised the type and the 
identification data of each vehicle as well as the instant of passage of each 
vehicle at the points of observation situated at the beginning, the centre, and 
the end of each road section under consideration. The recently constructed, 
automatic equipments for measuring time spaces were used at most observation 
points. When a speed limit of 90 km per hour was introduced about Midsummer 
Day 19^1, the travel time measurements were made for the first time by means 
of the camera equipment described in the above.

Some results of the measurements made during the Christmas season and the 
Easter season are given in what follows. Fig. 23 shows the distributions of the 
spot speeds of free-moving private cars travelling along straight level road 
sections. The term “ free-moving vehicles55 is used to designate the vehicles 
whose drivers can be considered to be unhampered by other traffic, and are 
free to choose their way of driving. The effects of the speed limit manifest 
themselves most conspicuously in this group of vehicles, whose speeds are only 
to a small extent influenced by the differences in traffic flow between different 
observation days. As was to be expected, these graphs demonstrate that the 
speed limit produced the greatest effect on comparatively high speeds.
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Christmas season 1960— 1961.

Speed limit of 80 km per hour from December 22nd, i960, to Januari 9th, 1961. 

N a tio n a l M ain  Road No. 1, Kiulsta

A . 30.12 C loudy. M o is t road  surface. Tem per
a tu re  ± 0 °C  to  +  1.0°C. F =  175.

B. 4.1 C lo u d y  to  b r ig h t. S lip p e ry  ice in
spots. M o is t road  surface. Tem per
a tu re  — 1.5°C to  +  1.5°C. F =  145.

C. 13.1 C lo u d y  to h a lf-b r ig h t.  W e t to m oist
road  surface. Tem perature  ± 0 °C  to 
+  1.6°C. F =  115.

D. 18.1 H a lf-b r ig h t.  D ry road surface.
Tem pera tu re  — 1.0°C to — 0.5°C.
F =  110.

E.

F.

G . 5.1

H. 9.1

Easter
Speed limit of 90 km per hour

I.
J.

season 1961. 
from March ;

20.12 C loudy. M o is t road  surface . Tem per
a tu re  +  1.5°C to + 2 .0 °C . F =  190.

22.12 C loudy. S ligh t s n o w fa ll.  S now slush. 
Tem perature  — 0.5°C. F — 205. 
C loudy to  h a lf-b r ig h t.  Snow slush 
to ice. Tem perature  — 5.5°C to 
+  1.0°C. F =  215.
H a lf-b r ig h t.  D ry ro a d  surface. 
Tem perature  — 12.0°C to  — 9.0°C. 
F =  175.
C loudy. Snow slush. Tem perature 
— 3.5°C. F =  155.
C loudy to  h a lf-b r ig h t,  
surface. Tem perature 
— 0.5°C. F =  180.

11.1
16.1 M o is t road 

— 1.5°C to

19th to April 5th, 1961.
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Speed o f p r iva te  cars v km pe r hou r
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K. 24.3 C lo u d y  to h a lf-b r ig h t.  D ry road 
su rface . T em perature  + 4 .0 °C  to 
+ 7 .0 °C . F =  190.

O . 23.3

L. 2.4 C lo u d y  to b r ig h t. D ry road  surface. 
Tem pera tu re  + 2 .5 °C  to +5 .5°C .

P. 26.3

F =  515. Q . 2.4
M . 4.4 C lo u d y  to  h a lf-b r ig h t.  D ry road 

su rface . T em perature  + 2 .5 °C  to
+ 5 .5 °C . F =  315. R. 4.4

N . 9.4 H a lf -b r ig h t  to  b r ig h t. D ry road 
su rface . Tem pera tu re  + 1 .5 °C  to 
+  6.0°C. F =  435.

C loudy  to h a lf-b r ig h t.  D ry road 
surface. Tem perature  + 7 .0 °C  to 
+  10.5°C. F =  205.
C loudy. Dry road  su rfa ce . Tem per
a tu re  +8.0°C . F =  440.
H a lf-b r ig h t to  b r ig h t.  D ry road 
surface. Tem perature  + 4 .0 °C  to 
+ 6 .5 °C . F =  595.
C loudy to n a if-b r ig h t.  D ry road 
surface. Tem perature  + 3 .8 °C  to 
+  4.5°C. F =  260.

W e e kd a y , w ith o u t speed lim it  
W e e kd a y , w ith  speed lim it  
H o lid a y , w ith o u t speed lim it  
H o lid a y , w ith  speed lim it

F is the m ean t ra f f ic  f lo w , in veh ic les pe r hou r, in both d ire c tio n s  o f tra ve l.

Fig. 23. Distribution of speeds of free-moving private cars. Straight two-lane road. 
Both directions of travel. Daylight.



N atio n a l M a in  Road N o . 1, Kgulsfa

C

N ationa l M ain  Road N o . 13, Skåista

T ra ffic  f lo w  in the d ire c tio n  o f tra ve l under con s id e ra tio n , 15- 
m inute  pe rio ds , mean va lu e , veh ic les per hour 
The f ig u re s  a t the p lo tte d  po in ts  express the mean num ber o f 
veh ic les per hou r in the op p o s ite  d ire c tio n  o f tra ve l. V eh ic les in 
a queue are  those veh ic les  w h ich  pass the p o in t o f obse rva tio n  
not la te r  than 5 sec. a fte r  the passage o f the veh ic le  ahead.

---------------------------- W e e kd a y , w ith o u t speed lim it
 ----------  ------- W e e kd a y , w ith  speed lim it
—  —  —  —  H o lid a y , w ith o u t speed lim it
• — • —  • —  • —  H o lid a y , w ith  speed lim it

Fig. 24. Percentage of vehicles in queues. Both directions or travel. Two-lane road.
Easter season 1961.

The effects of the condition of the road are expressed by the results of 
measurements made during the Christmas season. In the absence of a speed 
limit, high and low speeds decreased by approximately equal amounts when 
the condition of the road was impaired. During the periods when the speed 
limit was 80 km per hour, the speeds were only in a very slight degree affected 
by the condition of the road. The results of the measurements carried out during 
the Easter season showed that the speeds on weekdays were higher than on 
Sundays both during speed limit periods and when the speed was unlimited 
(cf. Institute Report No. 37 A, pp. 47 to 50).

Analogous results were obtained from the measurements made by the State 
police. Moreover, these measurements showed that the vehicle speeds on roads 
of the normal National Main Road standard are probably of the same order of 
magnitude all over Sweden.
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W eekdays

A . A p r i l 4th, 1961, w ith  speed lim it
B. M arch  24th, 1961, w ith o u t speed lim it

Holidays

C. A p r i l 2nd, 1961, w ith  speed lim it
D. A p r i l 9th, 1961, w ith o u t speed lim it

60 100 120 60 80

Speed o f p r iv a te  cars v km per hou r

■ T rave l speed on the road  section under o bse rva tio n
■ Spot speed a t the K ju ls ta  p o in t o f ob se rva tio n , 

s itu a te d  on th is  road  section

100 120

Fig. 25. Speeds of all private cars on National Main Road No. 1, 
section Pilkrog—Trosavägen.

The queue studies carried out during the Christmas season showed that the 
percentage of vehicles in a queue1 at a traffic flow of 50 to 100 vehicles per 
hour during a speed limit period was slightly higher than when the speed was 
unlimited. During the Easter season, similar results were also obtained at higher 
values of the traffic flow, see Fig. 25. The measurements at the Kjulsta 
observation point indicated a pronounced trend in this respect, whereas this 
trend was not quite so marked in the results of the measurements made at the 
Skålsta observation point. The graphs in Fig. 25 show the relation between the 
percentage of vehicles in a queue and the traffic flow.

The travel speeds of private cars on a section, 17.7 km in length, of National 
Main Road No. 1 are illustrated in Fig. 25, which also shows the distribution 
of spot speeds of all private cars on a straight level road section at the Kjulsta 
observation point. It is seen from these graphs that high travel speeds were met 
with more rarely than high spot speeds both in the presence and in the absence 
of a speed limit. At the same time, Fig. 25 shows that these two types of 
distribution are very close to each other. This indicates that on this road the 
average reduction in the travel speed caused by the speed limit does not differ 
to any appreciable extent from the corresponding reduction in the spot speed.

The table below shows the percentage increase in the mean travel time of 
private cars due to the speed limit, 90 km per hour, in the measurements made 
in the course of the Easter season.

1 A  vehicle in a queue is defined here as a vehicle which follows the vehicle ahead at a time 
space o f not more than 5 sec.



National 
Main Road 
No.

Length
of
section, km

Increase in mean 
of private cars

Holidays

travel time 
, per cent

Weekdays

1 17-7 10.4 12.3
12 18.8 4-3 9-7
13 4-5

~

7.6

Effect of Road Standard on Travel Time

Before the transfer of traffic to the new-built motorway from Södertälje to 
Salem Church, which forms part of the National Main Road No. i, travel time 
measurements and travel time tests by means of a private car equipped with a 
speed recorder were carried out on the older two-lane road. Similar measure
ments will be made on the new motorway. The purpose of these measurements 
is to determine the reduction in the travel time due to the higher road standard.

The speed recorder furnishes a continuous graph of the vehicle speed along 
the road, and thus provides a speed profile of the trip.

In these tests, the driver tried to keep a constant speed, e.g. 90 km per hour, 
and at the same time to comply with the relevant traffic regulations. Fig. 26 
shows that trip to Södertälje during which the driver succeeded best in main
taining a speed of 90 km per hour.

Fig. 26. Speed recorder graph of a trip from Salem Church to Södertälje.
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Fig. 27. Distribution functions of desired and actual speeds taken from the speed recorder graph 
of a trip from Salem Church to Södertälje, cf. Fig. 26.

T  rafficability

The Traffic Department has been requested by the National Swedish Road 
Board to study the trafficability of roads. A definition of the concept of traffic- 
ability has been proposed, and a method has been devised for estimating 
trafficability by means of a test vehicle equipped with a speed recorder, see 
Special Report No. 1 6. This report is based on the assumption that each driver 
desires to keep a certain definite speed on each road section. The actual speed 
at a given point of a road section is determined not only by this desired speed 
but also by the disturbances to which the driver is exposed. The speed profiles 
which represent desired and actual speeds are obtained from test vehicle trips. 
These speed profiles are transformed into distribution functions expressing that 
percentage of the total length of the road section which corresponds to an 
actual speed equal to, or lower than, a given value.

The trafficability of a road section is defined in relation to how the 
driver will be able to keep his desired speed along this road section. The 
trafficability is expressed in terms of the difference between the distribution 
functions of the desired and actual speeds, i.e. the area bounded by the cor
responding curves and the axis of abscissae. I f the driver can maintain his 
desired speed, then the trafficability is high, and the above-mentioned two 
distribution functions are closely in agreement. On the other hand, if the driver 
is disturbed, then the trafficability decreases, and the difference between these 
distribution functions increases. The distribution functions for the trip re
presented in Fig. 26 are shown in Fig. 27.

Road Junctions

The National Swedish Road Board has requested the Traffic Department to 
carry out studies at road junctions with a view to examining the factors which 
are of importance in road junction design. These studies will primarily deal with



problems encountered on National Main Roads. Literature studies in this field 
have been started. It is of special interest to find out how far other researchers 
have succeeded in characterizing traffic phenomena by significant and observable 
quantities. Mention can be made of two problems which shall be treated in the 
first place. One of them is to ascertain how the geometric design of road 
junctions should be made in order to ensure that the vehicles leaving or entering 
a main road shall utilise the given possibilities in conformity with the designer’s 
intentions, while enabling the through traffic to pass without any appreciable 
disturbances. The other problem is to determine the effects of road junction 
design on safety and trafficability at varying traffic loads.

Axle Load Measurements

A transportable electronic scale for measuring the axle loads of vehicles in 
motion has been designed and constructed at the Institute. This scale has been 
described in Institute Reports Nos. 34, 35, and 37.

The data collected from the axle load measurements which had been made 
as a trial in 1959 and i960 at some 40 weighing sites in Northern and Central 
Sweden have been analysed. Some of the results are presented in what follows.

For the purpose of analysis, the lorries were classified in several groups 
according to the number of axles and the wheel base, see Fig. 28. The table 
in this figure shows that the mean percentages of lorries were as follows: two- 
axle lorries about 60 per cent, three-axle lorries about 20 per cent, four-axle 
lorries about 13 per cent, and five-axle lorries about 7 per cent. Furthermore, 
this diagram represents the mean vehicle weights in the various groups of 
vehicles. These weights were estimated from the total recorded data. The mean 
unladen weights given in Fig. 28 are based on a survey of the register of motor 
vehicles in the County of Kopparberg. The pay load is the difference between
the vehicle weight and the unladen weight.

The number of two-axle lorries, expressed in per cent of the total number 
of lorries at the various sites, varied from 28 to 93 per cent. The relation 
between the number and the weight of two-axle lorries, expressed in per cent 
of the total number and the total weight, respectively, of lorries, is represented 
in Fig. 29. The curves in this graph are based on the mean weights tabulated 
on the right. This relation has been confirmed by the values observed at the 
various weighing sites. For instance, as is seen from the graph, if 60 per cent 
of all lorries at a weighing site are two-axle lorries, then they correspond to 
about 40 per cent of the total vehicle weight and to about 30 per cent of the 
total pay load of the lorries passing the weighing site in question. This result 
shows that an appropriate classification of vehicles into groups is of fundamental 
importance in determining those characteristics of traffic which are significant 
from a transport point of view.

In Institute Report No. 34, reference has been made to a method for
estimating the total vehicle weight Best :) which is calculated from the numbers



If
nly n2, . . .  — the numbers of vehicles in the groups of vehicles i, 2, . . . passing 

the weighing site,
b±, b2, . . .  — the mean vehicle weights in the groups of vehicles 1, 2 . . .  in the 

whole of Sweden,
£1, to, . . . =  the mean unladen weights in the groups of vehicles 1, 2 . . .  in the 

whole of Sweden,
Best — the estimated total vehicle weight at the weighing site,
L est, — the estimated total pay load at the weighing site,

then
Best. =  nx • b± +  n2 • b2 +  . . . (1)
Lest. =  Wi (bi — £j) +  n2 (b2 — t2) +  . . .  (2)
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Fig. 28. Number of vehicles, mean weights, etc., in each vehicle group.

and the mean vehicle weights of lorries in various groups of vehicles passing 
a weighing site in both directions of travel.

Each group of vehicles is characterised by the number of axles and the wheel 
base of the vehicles belonging to the group, see Fig. 28.

The estimated total vehicle weight Best. was calculated on the basis of the data 
obtained from the axle load measurements. Fig. 30 represents the percentage
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ratio of the estimated total vehicle weight Best. determined by means of this

method to the observed total vehicle weight B0̂ ŝ  i.e. ——- . 100 per cent, at
B obs.

various weighing sites. As is seen from the bases of the rectangles in this diagram, 
the scope of the data collected during different periods of observation was 
subject to considerable variations. This diagram shows that the differences 
between the estimated and observed values of the total vehicle weight are 
relatively small. If the data are obtained from repeated measurements made in 
the course of a year, then these differences will certainly be still smaller. As may 
be inferred from the results given in the above, the requirements for accuracy 
which need to be fulfilled in this connection can be complied with if the sum 
of the vehicle weights of lorries at a weighing site is estimated on the basis of 
certain constants and data obtained, for instance, by means of a vehicle- 
differentiating traffic counter.

A field investigation for the purpose of determining the mean unladen weights 
and the mean pay loads in the various groups of vehicles is in progress. The 
total pay load is estimated by the aid of Formula (2). Preparatory studies have 
shown that this method of pay load determination is practicable.

Group of 
vehicles

Mean weight in metric tons

Vehicle
weight

Pay
load

2-axle
lorry

7-5 2 .6

Other
lorries
and
combi
nations

19.2 9 7
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Fig. 30. Ratio of estimated and observed total vehicle weight at different weighing sites.
The letters indicate the counties.

Vehicle-Differentiating Traffic Counter

Principles have been laid down for the design of a vehicle-differentiating 
traffic counter which shall determine not only the number of vehicles passing 
a point of observation in both directions of travel during a certain definite 
period of time, but also in some respects the types of vehicles.

Patents covering these principles have been applied for.

Effects of Traffic Characteristics and Road Design on Traffic Accidents

No statistics of road traffic accidents arranged in such a way as to furnish 
information about the effects produced on traffic accidents by the road design as 
well as by the density and the composition of traffic are available in Sweden 
at the present time. A study has been made of the prerequisites to the collection 
of such statistics. It was found that the Swedish roads must be divided into 
homogeneous sections, and that road junctions must be dealt with separately in 
this connection. These road sections must be grouped in the first place according 
to width of road, type of surfacing, sight distance, allowable speed, as well as 
density and composition of traffic. Moreover, the accident data in each group 
must be classified according to such factors as the weather as well as the hour of 
the day and the day of the year. Such statistics are a necessary condition for 
dealing with many problems, e.g. the examination of the frequency of accidents 
on road sections which are subject to speed restrictions.



Other Activities of the Institute

Connections Abroad

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

Participation in Conferences, etc.

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 and 
the International Organisation for Scientific Research into Road Safety. 
Furthermore, 15 engineers employed at the Institute have attended congresses, 
etc., in Denmark, Finland, France, Germany, Great Britain, Ireland, Nether
lands, Norway, and Venezuela.

Stockholm, September 1961.

THE NATIO NAL SWEDISH ROAD RESEARCH INSTITUTE

Nils G. Bruzelius
Director
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