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Preface

In many countries, the roads being built today are designed for heavier axle loads 
than those permitted earlier. In several of the countries where the current limit is 
10 (metric) tons an increase to 13 tons is being considered. In Sweden, too, an 
increase of the permissible axle load to 13 tons has been discussed in recent years.

A general increase in permissible axle loads would, however, require a vast 
amount of capital expenditure. At present, successive improvements of the bearing 
capacity of the road network in this country are taking place in order to permit 
a general increase of the permissible axle load to 10 tons. These improvements 
will in themselves, according to the estimates prepared by the State road authorities, 
cost about 6 billion Swedish kronor. (1 billion =  1,000 millions.)

A question that naturally arises in this connection concerns the economic 
benefits likely to result from such an investment. Hitherto, however, it has not 
been possible to find an answer to this question. This depends on a lack of statistical 
data and difficulties in using the data available and dealing systematically with all 
the factors which must be taken into account in a profitability analysis.

In the thesis presented here, a method of calculating the benefits of increased axle 
loads is described. The method is applied to Swedish conditions, and much effort 
has been made to ensure that the assumptions on which the calculation is based 
reflect the conditions which prevail in this country.

The work has been carried out at the National Swedish Road Research Institute, 
where I am employed to study road problems in general and road transport eco
nomy in particular.

It is my sincere hope that this report will contribute to a better understanding 
of the intricate problem of the economic benefits of increased axle loads.

Finally, I wish to express my thanks to Mr. Nils G. Bruzelius, Head of the 
National Swedish Road Research Institute, whose keen interest in the subject with 
which I have dealt and whose advice and suggestions relating to this study and its 
publication have afforded stimulation and encouragement to me in my work.

I am also greatly indebted to Professor Sten Hallberg, Head of the Division of 
Highway Engineering at the Royal Institute of Technology, Stockholm, and member 
of the Board of the National Swedish Road Research Institute. I am indebted to 
him for his critical perusal of the manuscript.

My thanks are also due to



Dr. Bertil Hållsten of the Stockholm School of Economics, who has read the 
manuscript and made many valuable comments,

Dr. Torbjörn Thedéen of the Division of Mathematics, the Royal Institute of 
Technology, Stockholm, for valuable advice and discussion,

and my colleague at the National Swedish Road Research Institute, Mr. Björn 
Örbom, wlio has studied chapter 2 and made many valuable suggestions.

In addition, I express my thanks to my translator, Mr. David Knight, and to 
Mr. Manfred Bode of the Institute of Reactor Research at the Royal Institute 
of Technology, Stockholm, who has checked my calculations.

Stockholm, May 1968

Carl Erik Brinck



CHAPTER 1

Introduction

During the last 15 years the axle load permitted on Sweden’s most densely fre
quented highways has been increased from 7 to 10 tons1.

This increase in the permissible axle loads has been decided by the road 
authorities as a consequence of the general development in the transport sector. 
A distinctive feature of this development over a sequence of years has been a 
successive change in the make-up of the truck stock towards an ever-increasing 
number of bigger load carriers which, with regard to engine power and other 
design features, allow for heavier maximum payloads than can be permitted on 
all highways with the current axle load limits.

The industrial and commercial community regards a switch to bigger load- 
carrying units as a vital ingredient in its efforts to improve transport economy and 
is therefore making demands for an improved standard of bearing capacity on the 
road network and for higher axle load limits.

During recent years the road authorities have made improvements to a great 
many highways in the Swedish road network in order to reduce transport costs and 
therefore conduce to industrial growth and competitiveness. The National Swedish 
Road Administration has pointed out on numerous occasions that one of the 
primary objectives of road investments is to provide highways with a bearing 
capacity good enough to meet the requirements of freight transport, thereby making 
it possible to cut down transport costs (l) .2

It is only natural that the highway construction policy is judged by industry 
according to the effect it has on company costs and competitiveness. It is highly 
probable that the use of big load-carrying units would result in substantial eco
nomic benefits for companies with heavy transport costs. Such companies have 
therefore benefited financially from those increases already made in the legal axle 
loads, but they would undoubtedly welcome all further improvement of their trans
port economy. This desire is clearly expressed in articles and lectures by represen
tatives of the industrial sector, who point to the ever-increasing growth in road 
haulage as a motive for further highway improvements which would allow the use 
of even bigger vehicles.

1 Tons in this paper =  metric tons 2200 lb).
2 Numbers in brackets ( )  refer to “ References”.



Freight transport by trucks expressed in billion ton-km is increasing at a far 
more rapid pace than the total amount of freight transport in Sweden. According 
to Godlund (2), this total amount has practically doubled from 1950 to 1964, 
whereas the share carried by trucks has undergone an almost fourfold increase 
during the same period. This development in itself is by no means surprising, since 
road haulage offers considerable advantages with regard to speed, convenience, etc. 
There is, however, no doubt that the increases in axle loads so far introduced have 
made it possible to use big and therefore economical truck-trailer combinations. 
Thanks to this, it may safely be assumed that the increased axle loads have con
tributed effectively to the expansion in the trucking sector. The greater this 
expansion, the more justification there has been for referring to its extent and to 
its importance for the whole transport sector as a strong motive for further in
creases in the legal axle loads. In the long run this reasoning will probably result 
in higher axle loads than those permitted today and thus in a still further increase 
in the extent of road-haulage traffic. Bearing this in mind, one may well ask by 
how much the permissible axle load will be increased next time and on what 
grounds this decision will be taken.

A higher axle load necessitates a highway construction of greater bearing 
capacity than a lower one. As a rule, the bearing capacity can be improved by 
increasing the thickness of the pavement, but this in turn involves higher pavement 
costs. The road authorities have been fully aware that higher axle loads mean 
more expensive highway construction. It has, however, been difficult to calculate 
the amount of such additional expenditure and to weigh this in a methodical 
manner against its usefulness to the industrial sector and against the benefits of 
other capital-consuming measures. Such measures may in themselves be urgent but 
many of them are difficult to evaluate in monetary terms, such as measures resulting 
in time savings for the highway users or promotion of road safety.

Attempts to compare the economic benefits of an increase in permissible axle 
loads with the expenditure involved have nevertheless been made. In the chapter 
of the 1958 Road Plan (3) which is concerned with the standard of bearing capa
city, it is reported that the incremental costs for higher single-axle and tandem- 
axle loads are of such magnitude that they can scarcely be counterbalanced by the 
benefits in lower transport costs resulting from the insertion of heavier vehicles. 
This assertion indicates that an increased legal axle load would not be a paying 
proposition in the light of the incremental highway costs. It is not clear what is 
meant by »scarcely» in this context, nor are any calculations presented.

This quoted statement, however, has evidently not been accepted as a guiding 
principle by the road authorities, since the permissible axle load has actually been 
increased since 1958 on those highways which form the so-called heavy road 
network. In the Road Plan, mentioned above it is also pointed out that if the legal 
axle load is to be increased, a uniform standard for the entire road network should



be aspired to. This implies that all highways must be designed for the same axle 
load despite the great discrepancies in the freight tonnages carried on different parts 
of the network. This opinion is also untraceable in the most recently ratified axle 
load increase, which on the contrary provides an example of a contradictory 
opinion, involving differentiation of the bearing capacity in view of the varying 
extent of road-haulage traffic on different highways. According to an opinion stated 
in »Optimum Axle Loads» (4), the quantity of freight carried is a factor of vital 
importance to the axle load which may be regarded as optimal for the highway 
concerned. As this quantity of freight grows, the demands for increased legal axle 
loads appear to be more and more justified.

As regards the heavy road network in Sweden, the National Road Adminis
tration has also asserted that an increase of the legal axle load to 10 tons should 
be carried out initially on those heavily frequented highways which form long, 
continuous transport routes. This probably means that the urgency of an axle-load 
increase should be judged in view of the importance of the highways concerned as a 
road-haulage route, i.e. according to the tonnage of freight transported. From this 
it may be concluded that the tonnage moved is regarded by the authorities as the 
most suitable basis of judgement when considering a future increase in the legal 
axle load.

This basis of judgement, however, is not sufficient. The primary consideration 
must be whether and on what conditions an increased axle load is economically 
justifiable from the standpoints of both vehicle-operating costs and highway costs. 
All the funds allocated to the highway system are obtained through special taxes. 
The portion of such taxes which is collected from road-haulage trucks is allowed 
for in the transport tariffs and is reflected in commodity prices to a corresponding 
extent. These taxes are thus actually paid by the consumers, who are therefore 
naturally interested in keeping transport costs at as low a level as possible. It 
devolves upon the road authorities to decide how great a share of the available 
funds should be invested in improved bearing capacity, with due consideration to 
transport economy. A decision of this kind could be based on or facilitated by a 
profitability analysis in which the estimated cost decrease on the transport side is 
regarded as interest or profit on the capital invested in the road network.

In any such analysis, the yield in the form of reduced vehicle-operating costs 
must be considered in the light of the total tonnage moved on the highway to which 
the analysis refers and not merely to the savings which can be achieved for 
effectively utilized individual vehicles. Furthermore, the result of any such analysis 
will depend on the number of vehicles which may actually be expected to take 
advantage of the higher axle load. This figure must, therefore, also be determined.

This provides the prerequisites for an integral view of the complex axle-load 
problem, where the question of an increase can be judged with due regard to the



increment in highway costs, the decrement in vehicle-operating costs and the 
quantity of freight carried, and where the anticipated profit on the vehicle-operating 
side and the calculated expenditure on highway construction can be compared with 
each other. Up to now, such a comparison has been lacking, both with regard to 
the data on which an analysis of this kind should be based and with regard to the 
method of calculation which should be used. In consequence, less attention has 
been paid to highway costs and actual tonnages moved than to the savings in 
vehicle-operating costs, and this in turn has led to a lack of balance in the basis on 
which decisions are made. According to generally recognized profitability prin
ciples, the anticipated profit on a project should give sufficient return on the in
vested capital if the project is to be realized. These same principles should also be 
applicable to investments in the road network.

A manner in which a calculation of this kind can be prepared will be described 
in this study and applied to those cost figures which are currently available on 
highway construction costs and vehicle-operating costs. The figures on freight 
tonnages and on the distribution of freight on the Swedish highways which are 
available or can be estimated will also be taken into consideration.

In this first chapter a brief introduction has been given. The following study is 
presented in chapters 2— 6.

Chapter 2 deals with calculation of highway costs based on Swedish conditions. 
The highway costs will be studied on the assumption that the axle load is varied 
in three stages from 8 to 14 tons. Firstly, a highway is designed for a single-axle 
load of 10 tons and a cost estimate for this highway is prepared. After this, on 
otherwise unaltered conditions, the axle load is assumed to be 8, 12 and 14 tons, 
thereby enabling the incremental highway cost for each axle-load level to be 
determined.

Chapter 3 is concerned with calculation of vehicle-operating costs under the 
same conditions. In a similar manner, the differences in vehicle-operating costs 
arising out of the assumed axle load increases from 8/12 to 10/16, from 10/16 
to 12/20 and from 12/20 to 14/241 tons are determined. As will be seen from 
the axle loads mentioned, the calculations in chapters 2 and 3 take into account 
axle loads for which currently existing highways and vehicles are not designed and 
for which the costs are therefore unknown. In these cases, the calculations must be 
based on the experience gained from known highway costs and vehicle types.

1 These combinations are chosen due to the practice in Sweden and other countries as regards 
the legal limits for single- and tandem-axle loads. They do not, however, exactly reflect the 
equivalence between single and tandem axles as far as the load on a pavement is concerned. 
The term 8/12, 10/16 etc. as used in this study is a compound expression, in which the first 
component refers to a single axle, and the second one to a tandem axle.



In chapter 4, an account is given of a profitability analysis, and an application 
to the specific results from chapters 2 and 3 is presented.

Chapter 5 deals with the distribution of the freight tonnage carried on the 
Swedish highway network in 1965 and the ton-km data.

In chapter 6, finally, an account is given of the conclusions arrived at from 
specific results in chapters 4 and 5.



CHAPTER 2

Highway Costs

2.1 Average Cost of Pavement Construction

The highway cost can in this context be confined to the cost of pavement con
struction, since in principle only the pavement thickness changes with the magni
tude of the axle loads. The greater bearing capacity necessitated by a higher axle 
load in comparison with a lower one is generally obtained by an increase in the 
pavement thickness.

The cost of this increased thickness constitutes the incremental cost necessitated 
by the higher axle load.

The thickness and the construction cost of the pavement can vary from one 
highway project to another, even though the highways concerned are designed for 
the same axle loads, and have the same road width and the same standard other
wise. The variations in thickness are due mainly to differences in the properties of 
the foundation soil. A thicker pavement will be required on a weak foundation 
soil than on a soil of higher bearing capacity. Variations in construction costs are 
due partly to differences in pavement thickness and partly to normal price fluctua
tions.

Because of these variations, it is necessary to calculate the cost of a pavement 
which can be regarded as a representative average for Swedish conditions.

A calculation of this kind has been made at the National Swedish Road Admini
stration (in the following referred to as the Road Administration) on the basis of 
the cost accounts in 156 approved work plans for highway projects in different 
parts of Sweden during the period 1961— 1965. The costs referred to in the 
following have been converted1 to the 1965 monetary value.

The calculations have been made for three highway sections with widths of 6.5, 
9 and 13 metres respectively. The sections are divided into carriageway and 
shoulders. In the 6.5-metre section, the carriageway is 6 metres wide and each 
shoulder 0.25 metre wide. In the 9-metre section, the carriageway is 7 metres wide 
and each shoulder 1 metre. In the 13-metre section, the width of the carriageway 
is 7 metres and that of each shoulder 3 metres.

1 According to the road construction index, prepared by The Associated General Contractors 
and House Builders of Sweden.



For the 6.5-metre section, the cost per metre highway has been determined on 
the basis of 40 work plans from all parts of the country, although the majority, 
29, of these refers to the northern part of Sweden. The 9-metre section has been 
processed on the basis of 62 work plans, of which one third refers to highway pro
jects in the central and northern counties of Sweden, while the southern counties 
account for the remaining two thirds. The 13-metre section, finally, is based on 
54 projects, barely half of these in southern and central Sweden.

The road length in the studied projects varies from 1 to 30 km. The total road 
length of all the highway projects studied amounts to 1,104 km (389 for the
6.5-metre section, 378 for the 9-metre section and 337 for the 13-metre section).

The results of these studies are illustrated diagrammatically in fig. 2.1. Each dot 
indicates the average cost in kronor per metre for each project. The arithmetic 
mean and standard deviation have been calculated for each highway section.

As may be seen from fig. 2.1, the dotted values show great variations. This is 
only natural in view of the different conditions which may have been encountered 
in the various projects with regard to the bearing capacity of the bed material itself, 
the distance to gravel pits, etc. If the standard deviation (and the coefficient of 
variation) is calculated for the individual values, the results given in table 2.1 will 
be obtained. (The reported variations will be discussed in chapter 6.)

Table 2.1. Average pavement costs for 156 highway projects.

Highway
Section

Pavement Cost 
kronor per metre

Standard 
Deviation 

kronor per metre

Coefficient 
of Variation

%

6.5 117 22 19
9 179 47 26

13 256 68 26

In view of the comparatively extensive material studied and of the relatively even 
distribution of the highway projects throughout the country, it may be assumed 
that the influence of different types of foundation soils and local price fluctuations 
has been largely evened out. The average figures listed in table 2.1 may therefore 
be considered to be representative for the average cost of pavement construction 
for Swedish conditions in the 1965 monetary value, including subbase course, base 
course and bituminous surfacing.

For the 9-metre and 13-metre sections, the calculation results are reported in 
greater detail than for the 6.5-metre section, and both average total pavement 
thickness and thickness and price per metre for each course are stated. This 
provides a means for estimating the average bearing capacity, which will be de
scribed further on. This detailed account is presented in table 2.2.



Fig. 2.1. Pavement cost per metre for 156 highway projects, (x and s stand for estimated 
arithmetic mean value and standard deviation respectively.)



Table 2.2. Thickness of the different courses in the 9-metre and 13-metre sections.

9-metre
section

13-metre 
section

No. of work plans studied 64 54

Thickness in cm of:
bituminous surface 4.6 5.0
base course 17.0 20.0
subbase course 41.9 44.0

Total pavement
thickness in cm 63.5 69.0

2.2 Bearing Capacity of the Studied Sections

According to the Swedish design regulations, pavements must be designed for a 
single-axle load of 10 tons. In addition, allowance must be made for the volume 
of traffic according to one of the following two alternatives:
1. Number of freight vehicles per day during the thawing period.
2. Average daily traffic during June, July and August (Summer-ADT).

The regulations are reproduced in tabular form in “Directions for Highway 
Construction” (5) (in Swedish). The table is so arranged that the pavement thick
ness can be found if the nature of the roadbed (material groups A—E) and the 
magnitude of the traffic volume (columns 2— 6, gravel roads excepted) are known. 
This table is shown here as table 2.3.

The figures quoted in the table are considered by the Road Administration to 
correspond to a designed single-axle load of 10 tons. However, no indication is 
given of how many load applications with an axle load of 10 tons they are intended 
to represent. For this reason, the figures on traffic volume given at the top of the 
table do not provide a true measure of the actual traffic load (axle load and 
number of load applications). A question of great interest here is: “For what traffic 
load are the pavements included in table 2.1 actually designed, i.e. what bearing 
capacity corresponds to the costs indicated in table 2.1?”

The pavement thicknesses are specified in table 2.2, from which it is seen that 
both the thickness of each course and the sum of the courses, i.e. the total pavement 
thickness, are specified for the 9-m and 13-m sections. The pavement thickness of 
the sections can be used together with column 41 in table 2.3 to determine the soil 
types which correspond to these pavement thicknesses. As may be seen from table
2.3, the thicknesses given in table 2.2, i.e. 63.5 and 69 cm, correspond to material 
group C and to the border between C and D respectively.

1 Most of the pavements studied here are designed in accordance with column 4.



Table 2.3. The Swedish Road Administration’s Design Table. 
This table is translated from (5)

Gravel
road

Road with bituminous surface Rigid
surface

DESIGN COLUMNS 1 2 3 4 5 6 7
Number of freight 
vehicles per day during 
the thawing period

Summer-ADT1

< 5 0

< 5 0 0

< 5 0

< 5 0 0

< 2 5 0

< 2500

< 1000

<10000

< 3000

<30000

>3000

>30000

—

Bed material consisting 
of

The material may not lie nearer the road surface 
than stated number of cm.

A
Gravel
Sandy gravel I2 
Gravelly moraine I 
Sandy moraine I

15 15 20 25 30 35 25

B
Gravelly sand I 
Sand I 
Fine sand I

20 25 30 35 40 45 25

C
Gravelly moraine II2 
Sandy moraine II 
Normal moraine II

30 40 50 60 70 80 60

D
Soils not referable 
to any of the other 
groups

50 60 70 80 90 100 80

E
Soils of
Soft clay (should pre- 
Peat ferably be 
Mud removed)

60 70 90 100 110 120 100

Thickness of base +  
surface at least, cm

Thereof surface -f  
stabilised base 
at least, cm

15 15 20 25 30

203

35

253

25

1 Summer-ADT =  average daily traffic during June, July and August.

2 I indicates frost-insusceptible and II frost-susceptible soils.

3 For base and subbase of broken rock or crushed stone, the thicknesses can be reduced by 
approx. 10 cm.



If a California Bearing Ratio (CBR) of 10, which according to an investigation 
by Bruzelius (6) can be regarded as corresponding to material group C, is taken 
as the starting point, the bearing capacity corresponding to the pavement thick
nesses can be calculated. This is done with the aid of a design nomograph, which 
has been drawn up in a report published by the Highway Research Board (7). This 
nomograph is based on results from the AASHO Road Test, but is modified in 
that it can be utilized also for other road bed materials than that found on the test 
site and which was equivalent to a CBR-value of 3. It can, therefore, be applied in 
the present case, where the CBR-value is assumed to be 10.

Further, the value of the thickness index D from the test results has been 
modified in view of the fact that the AASHO Road Test was conducted for a 
considerably shorter period than corresponds to the normal service life of high
ways. The values of D derived from the nomograph will therefore be greater than 
those reported from the test. They are designated Structural numbers instead of 
thickness index and are denoted D t instead of D.

The nomograph is reproduced in fig. 2.2.

Fig. 2.2.

Nomograph for highway pavement de
sign. The scale on the left is an ex
pression of the total load during the 
service life of the highway, the middle 
scale indicates the soil support (CBR) 
and the scale on the right affords a 
measure of the pavement thickness in 
inches.

The nomograph is reproduced from a 
report published by the Highway Rese
arch Board (7).



The coefficients ai and a3 are assumed to have the same values as in the AASHO 
Road Test, while a2 is assumed to be 0.13 instead of 0.14. The figure 0.14 is valid 
for a base course of macadam. This type of base course is unusual in Sweden, 
where as a rule a crushed material — base gravel — is used instead. According 
to the report published by the Highway Research Board (7) mentioned above, the 
figure 0.13 is better than 0.14 for a material of this kind.

The coefficients, then, are given the following values:

ai =  0.44 (corresponding to a bituminous surface)
a2 =  0.13 (corresponding to base gravel)
a3 =  0.11 (corresponding to subbase sand)

As may be seen from table 2.2, no pavement thickness is given for the 6.5-metre 
section. The calculations described in the following therefore embrace the 9-metre 
and 13-metre sections only.

The 9-metre section

For the 9-metre section, the following value of Dt is obtained:

D =  (0.44 X 4.6 +  0.13 X 17 +  0.11 X 4 1 .9 ) - ! - =  3.5 
1 2.54

With Dt =3 .5  and CBR = 10, the number of axle applications with an axle 
load of 8 tons1 can be found from the lefthand scale in fig, 2.2, which gives a 
reading of 1.6 million axle applications. This is the same as about 0.7 million app
lications with an axle load of 10 tons, which can be calculated with the aid of the 
chart in fig, 2.3. This chart is reproduced from “Optimum Axle Loads” (4). It 
shows the equivalence factors of different axle loads according to the results from 
the AASHO Road Test.

This chart can be used to convert different axle loads into an equivalent number 
of 8-ton axle applications. The equivalence factor for 8 tons is 1.00. From the 
chart it is found, for example, that the equivalence factor for 10 tons is 0.44 and 
that for 4 tons it is 17, i.e. one application of an 8-ton axle load has the same 
effect on the highway as 0.44 applications of a 10-ton axle load or 17 applications 
of a 4-ton axle load. The stated equivalence factors are the mean values for the 
various test sections included in the AASHO Road Test.

1 Actually 8.2 tons (18,000 lb).

18



Fig. 2.3. Equivalence factors between single-axle and tandem-axle loads relatively and among themselves.



The 13-metre section

As shown in table 2.2, the pavement thickness is 5.5 cm higher for the 13-metre 
section than for the 9-metre section. Since both sections are designed in accordance 
with the same design table, the difference in thickness must be attributed to an 
average roadbed material that is weaker in the 13-metre section than in the 9-metre 
section. As pointed out earlier, this can also be found in the design table, where 
the pavement thickness for the 13-metre section corresponds to a material group 
on the borderline between group C and group D. The CBR-value for group C may 
be considered to be 10. Material group D corresponds to the roadbed material used 
in the AASHO Road Test, and this material had a CBR of 3. For the 13-metre 
section, therefore, the CBR should be less than 10 but greater than 3. If the CBR- 
value is assumed to be 7, we find:

Dt =  (0.44 X 5 +  0.13 X 20 +  0.11 X 44)— *—=  3.8 
1 2.54

According to the nomograph, this gives 1.8 million axle applications with an axle 
load of 8 tons or 0.8 million applications with 10 tons, i.e. roughly the same values 
as were found for the 9-metre section.

According to these calculations, both sections thus can withstand roughly the 
same load. As stated earlier, this is only to be expected, since they are both de
signed in accordance with the same standards.

It might therefore be assumed that the pavements arc designed for a load of 
0.8 million applications with an axle load of 10 tons. This value, however, will 
depend on the assumed value of the CBR. The measurements of the soil support 
(CBR-values) on different Swedish soils show substantial variations. In the in
vestigation by Bruzelius (6), the CBR for sandy moraine is reported to be 9 and 
for clayey moraine 32. These figures are valid for saturated soil specimens. Both 
of these soil types are included in material group C or D.

It is, however, difficult to saturate specimens of soil with a high content of clay, 
e.g. clayey silt moraine, and for this reason laboratory tests on such soils may give 
higher figures than those actually corresponding to the supporting power of the soil 
in the natural state. The figure 32 can therefore be considered to be more unreli
able than the figure 9. The assumed CBR of 10 for material group C shows good 
agreement with CBR-values determined in the U.S.A. (7), where the figure 10 is 
reported for soil type A-3, which according to the Highway Research Board 
classification is closely equivalent to the Swedish group C.

A CBR-value of 10 for group C is thus a plausible figure, but naturally it may 
also be both lower and higher.

As a rough estimate, however, it can be safely assumed that the pavements 
studied here are capable of withstanding a traffic load corresponding to approxi



mately 1 million applications with an axle load of 10 tons. After the pavements 
have been subjected to this traffic load, the quality of the highway may be assumed 
to have fallen to the level indicated according to the AASHO Road Test by a 
Present Serviceability Index (PSI) of 2.5.

2.3 Service Life of the Studied Sections

A question that is now of interest concerns how long a time it will take until 
1 million applications by 10-ton axles have been reached, with due regard to the 
actual traffic load on a certain section of the road network.

The true traffic load can be determined with the aid of the vehicle loadometer 
(weight) studies conducted by the Road Administration (8) and the relationships 
between the equivalence factors of different axle loads shown in fig. 2.3.

At the 90 weighing points run by the Road Administration, loadometer studies 
were conducted in 1965 on a total of 1,216,516 vehicle axles, equivalent to
438,110 vehicles with an axle load of at least 1.25 tons. The results from these
studies can be split up among the following road categories:

E =  National main roads included in the European arterial highway system
R =  National main roads 
L p =  Primary regional roads 
L s =  Secondary regional roads

If the recorded axle loads within each of these four road categories (E, R, Lp and 
Ls ) are divided into the following classes

< 5  5— 6 7— 8 9— 10 > 1 0  tons (single axles)
and < 11  11— 12 13— 14 15— 16 > 1 6  tons (tandem axles)

the group of curves shown in fig. 2.4, can be plotted. Each curve represents the
average for each individual road category. The material on which the curves are
based is indicated in Appendix 1.

In 1965, about 10 % of the Swedish road network was open to 10/16-ton axle 
loads (10 tons for single axles and 16 tons for tandem axles). The highways in
cluded in this heavy road network were almost exclusively roads of categories E 
and R. On other roads, the permissible axle load was 8/12 tons or less. However, 
as may be seen from fig. 2.4, the four curves run very close to one another. The 
proportion of axle loads of 10 tons or more for single axles and of 16 tons or 
more for tandem axles is practically the same for all the different road categories. 
The results of the loadometer studies do not show that the permitted axle load is 
different on different roads. It is, instead, made clear that the heaviest axle loads



Fig. 2.4. Number of weighed axles split up among different axle-load groups.

are distributed fairly evenly among the different road categories regardless of the 
axle load permitted on them. This is particularly true of axle loads of 10/16 tons 
or more, the proportion of which is at least as great on roads of category L s as on 
roads of categories E and R.

With the guidance of the results from the AASHO Road Test, the influence of 
different axle loads in respect of traffic load can be converted to an equivalent 
number of axle loads of a certain size, e.g. 8 tons. As explained earlier, this con
version can be made with the aid of the diagram in fig. 2.3.



Using this diagram, it is now possible to determine the equivalence factors which 
correspond to the midpoint within the groups listed above. For the smallest and 
biggest axle loads, the “group midpoint” must be estimated. For the lowest group, 
the figures 4 tons for single axles and 10 tons for tandem axles have been adopted, 
the corresponding figures for the highest group being 11 and 17 tons respectively.

The numerical “group midpoint” and the equivalence factors corresponding to 
them have been listed in table 2.4, columns 1 and 2 respectively. The table also 
states the frequencies within each group for two of the road categories (E and 
L s ), which represent the highest and the lowest road standard. These frequencies 
are given in columns 3 and 4.

Table 2.4. Data required for calculation of an average equivalence factor for each 
axle application.

Single/tandem 
axle load, 

tons 

(1)

Equivalence 
factor acc. 
to fig. 2.3 

(2)

Frequency, % Product

E-roads

(3)

Ls -roads 

(4)

(2) X (3) 

(5)

(2) X (4) 

(6)

41 0.059 39.1 54.4 2.31 3.21
5.5 0.200 24.4 20.4 4.88 4.08
7.5 0.740 10.6 7.3 7.84 5.40
9.5 1.920 6.8 5.3 13.06 10.18

11.01 3.330 3.9 4.9 12.99 16.32

T o o i 0.198 6.0 2.5 1.19 0.50
11.5 0.358 2.1 0.7 0.75 0.25
13.5 0.670 2.6 1.0 1.74 0.67
15.5 1.050 2.3 1.3 2.42 1.37
17.01 1.620 2.2 2.2 3.56 3.56

50.70 45.54

If the frequencies in columns 3 and 4 are weighed together with the equivalence 
factors in column 2, and the products 5, 6 summed, the result will be a weighted, 
average equivalence factor for every axle application on roads of category E 
and L s respectively. The sums in columns 5 and 6 refer to an axle load of 8 tons. 
Since the Swedish design regulations are based on an axle load of 10 tons, these 
sums should be converted to a 10-ton axle load. This conversion, too, can be made 
with the aid of the diagram in fig. 2.3.

1 Estimated values



The results from table 2.4 will be:

Roads of category E: 0.44 X 0.507 =  0.22

Roads of category L s : 0.44 X 0.455 =  0.20

This result means that every axle application corresponds on the average to a 
load equivalent to 20— 22 % x of that from a 10-ton axle. The traffic load in 
respect of the axle load of the individual vehicles is thus practically the same for 
roads of categories E and Ls .

The curves in fig. 2.4 are based on 1,216,516 axle applications. The cor
responding number of vehicles was 438,110. On the average, then, each vehicle
can be regarded as corresponding to 2.8 axles. Each vehicle passage thus exerts 
a load which on the average is equal to approx. 0.7 10-ton axles. With a traffic 
volume of between 250 and 1,000 freight vehicles/24 hours (column 4 in table 
2.3), the corresponding load will be 175—700 (averaging 435) 10-ton axle applica
tions/24 hours, which is equivalent to 64,000—255,000 (averaging 160,000) 
10-ton axle applications/year.

It was established earlier that the pavement thicknesses given for the 9-metre 
and 13-metre sections can withstand a load of approx. one million axle applica
tions of a 10-ton axle load. If this total load is compared with the annual load 
calculated above on the assumption that both lanes of a two-lane highway are 
subjected to equal loads, the service life of the pavement would be between 31 and 
8 years, or on the average about 13 years. At the end of this period, the service
ability of the pavement will have been reduced to a PSI-value of 2.5, which accord
ing to the AASHO Road Test means that extensive repair work will be necessary 
in order to restore the pavement to a condition acceptable to traffic.

The calculation thus shows that a pavement designed according to design column 4 
(table 2.3) will need to be repaired after about 13 years, for instance by resurfacing. 
In extreme cases (an average of 1,000 freight vehicles/24 hours), this need may 
arise after only 8 years. These time intervals are in rather good accordance with 
those found by practical experience.

The calculation above is based on the assumption that the effect of an axle 
application is not influenced by the season during which it occurs. There is, how
ever, nothing to prevent the modification of this assumption — which, indeed, was 
done in the AASHO Road Test —  by introducing a seasonal weighting function, 
by which the number of axle applications is to be multiplied. By this means, a 
greater weight (more than 1) could be accorded to applications during the thawing 
period than to those occurring during the other seasons, and this would lead to 
a higher average equivalence factor than that calculated above. On the other hand,

1 With the estimated values 12/18 instead of 11/17 tons the result will be 23— 25 instead of 
20—22 %.



the applications during the frozen period would be weighted with a multiplier of
lower weight — perhaps equal to or close to 0 — and this would have the opposite
effect. As this latter period is longer than the sensitive thawing period, the calcula
tion made above may be considered to be sufficiently accurate and to result in an 
equivalence factor which at any rate is not too low.

There is, however, no reason to introduce into this rough calculation any sea
sonal correction, as the assumptions in other respects are uncertain. The results of 
the calculation are therefore to be interpreted merely as guide values.

On the basis of the rough calculations described it may be assumed that the 
costs specified in table 2.1 can be regarded as corresponding to about one million 
applications with an axle load of 10 tons. One may now ask how the costs would 
have changed if the axle load had instead been 8, 12 and 14 tons.

This problem will be studied in the following sections.

2.4 Costs for Axle Loads of 8? 12 and 14 tons

Before those differences in costs can be determined which are brought about by 
axle loads of 8, 12 and 14 tons as opposed to 10 tons, it will first be necessary to 
calculate the corresponding pavement thicknesses.

This will be done below, partly on the basis of the theory of elasticity and 
partly on the basis of the results from the AASHO Road Test.

2.4.1 Calculation Based on the Theory of Elasticity

The design chart drawn up at the Swedish Road Research Institute, which is based 
on the theory of elasticity (9), can be used to determine the difference in pavement 
thickness necessitated by a change in the permissible axle load. This difference 
has been found by calculation to amount to approximately 12 % (4) for an in
crease in the axle load from 8 to 10 tons for a bed soil equivalent to that of 
material group C.

The same result is reached in a publication issued by the International Road 
Transport Union (10), where the necessary pavement thickness for both 10-ton 
and 13-ton axle load has been calculated from a diagram drawn up by Ivanov 
(11), whose calculations are also based on the theory of elasticity. It is then 
assumed that the deflection under a wheel is less than 0.15 cm.

This calculation shows that a 3-ton increase in the axle load necessitates an in
crease of 18 % in the pavement thickness. This may be considered to correspond 
to 12 % for an increase in the axle load from 8 to 10 tons.



According to these calculations, based on the theory of elasticity, it appears that 
if the axle load is increased from 8 to 10 tons, the pavement thickness will in
crease by about 12 %. It should be borne in mind, however, that the number of 
axle applications is assumed to be the same after the introduction of an increased 
axle load as before. This will mean that the tonnage of freight which can be 
carried on the highway after the axle load has been increased will be greater than 
before. A comparison on these grounds will therefore not present a fair picture 
from the standpoint of transport economy.

A more correct comparison must instead assume that the total tonnage of freight 
moved will remain constant irrespectively of the magnitude of the permissible axle 
load. This means that allowance is made for the decrease in the number of axle 
applications made possible by an increased axle load without any change in the 
total tonnage moved. The results reported from the AASHO Road Test are, in 
fact, based on systematically giving due consideration to both axle load and axle 
applications. It may therefore be of interest in this context to study how much the 
number of axle applications influences the difference in pavement thickness, cal
culated on the basis of the theory of elasticity.

2.4.2 Calculation Based on the Results of the AASHO Road Test

The ideal pavement thickness is that which can be adapted exactly to the traffic 
load — axle load and number of axle applications — to which the highway struc
ture will be exposed during its anticipated service life. In practice, however, such 
exact adaptation cannot possibly be attained. As a rule, most roads are either 
underdimensioned or overdimensioned, and consequently do not provide the eco
nomically soundest solution.

If the increase in pavement thickness and pavement construction cost caused by 
a certain, specific increase in the axle load is to be determined, it must be assumed 
from the start that the pavement is designed in accordance with a theoretical traffic 
load and that the tonnage carried on the road is constant.

According to a publication issued by the Swedish Road Research Institute (12), 
the following relationships between axle load and vehicle payload are valid for a 
2-axle truck:

Axle load, tons Payload carried,
Front Rear tons

5 8 6.8
6 10 9.0
6 12 10.4
6 14 11.8



If it is assumed that the said truck can utilize different rear-axle loads (8, 10, 12 
and 14 tons), the number of axle applications necessary to move the same tonnage 
will thus be:

The corresponding equivalent numbers of 8-ton axle applications will be:

On the basis of the number of equivalent 8-ton axle applications it is possible to 
determine graphically an approximate value of the thickness index, D, from the 
diagram mentioned in the reports from the AASHO Road Test (13). This diagram 
is reproduced in fig. 2.5. L o o p s

No.

10 MILL.

Fig. 2.5. Relationship between pavement thickness and number of axle applications according 
to the AASHO Road Test at PSI =  2.5.

Rear-axle load, tons Relative number of axle applications
8 100

10 75
12 65
14 58

Rear-axle load, tons Relative number of equivalent 
8-ton axle applications

8 100
10 170
12 295
14 480



When, as in this case, differences are to be calculated, it is appropriate, especially 
for 7V-values (N = number of axle applications) which are very close to one 
another, to form an analytical expression for the 8.2-ton curve in fig. 2.5, i.e. to 
express a functional relationship between thickness index D and the number of 
axle applications N.

This functional relationship can be expressed by the following formula:

Z) =  0.689 • N0135-0 .5  ....................................................................  2.1.

This equation describes with good accuracy the relationship between D and N 
which is illustrated by the 8.2-ton curve in fig. 2.5.

Using this equation, values of D can be calculated for the number of equivalent 
8-ton axle applications corresponding to axle loads of 8, 10, 12 and 14 tons, 
thereby making it possible to calculate the differences in pavement thickness 
necessitated by a 2-ton increase in the axle load.

If it is assumed that the number of axle applications in the case of an 8-ton axle 
load is 1 million, the results will be those given in the following table.

Axle load, 
tons

No. of equivalent 
8-ton axle 

applications

Thickness
index,

D

Difference 
in D

%

8
10

1.00 x i o 6 
1.70X 106

3.95
4.28

8.4
7.9
7.612 2.95 X 106 4.62

14 4.80X 106 4.97

The results from the AASHO Road Test can be applied directly only if the con
ditions are the same as in that test, including also the nature of the road bed 
material, which in the AASHO Road Test was equivalent to a CBR-value of 3. 
As explained earlier, the average bed material referable to table 2.1 can be con
sidered equivalent to a CBR-value of 10. For this reason, it is here of importance 
to take a CBR-value of 10 instead of 3 as the starting point when calculating the 
difference in pavement thickness necessitated by an increase in the axle load.

A calculation of this kind can be made with the aid of the nomograph in fig. 2.2, 
which has been drawn up on the basis of a PSI-value of 2.5. At this serviceability 
level (PSI =  2.5), the quality of the surface has, according to the AASHO reports, 
reached the limit at which extensive improvement measures are considered to be 
necessary even if the road may still be regarded as usable. When the PSI is lower 
than this, for instance 1.5, the road surface is considered to be in such poor con
dition that reasonable demands on driving comfort and safety can no longer be 
satisfied. It therefore seems reasonable to choose the figure 2.5 as the lower PSI- 
limit.



The following figures are found by using the nomograph:

This calculation gives roughly the same difference in the value of Dt as the dif
ference in the value of D derived earlier from the equation 2.1. The relative 
difference, in contrast, will be greater when CBR = 1 0  than for CBR = 3.

Corresponding calculations based on other figures for the number of axle 
applications in the case of an 8-ton axle load than that applied here (1 million) 
can be carried out in a similar way as in this example.

The calculations according to equation 2.1 have been included here merely for 
the purpose of comparison, since as stated earlier they are not applicable to a 
CBR-value of 10.

On the basis of the calculations outlined above it may be assumed that an in
crease of 2 tons in the permissible axle load with an unchanged total tonnage of 
freight moved necessitates an increase in the pavement thickness (properly the 
thickness index) by (in round figures) 11, 9 and 8 % respectively for the three 
axle-load intervals.

As stated earlier on, calculations based on the theory of elasticity lead to a higher 
increase. The difference in results is primarily due to the fact that calculations 
based on the theory of elasticity do not make allowance for the reduction in the 
number of vehicle trips made possible by an increase in the axle load if the 
tonnage of goods moved is assumed to remain constant.

The difference may be due secondarily to the different assumptions on which 
the methods of calculation are based: on the one hand results presuming com
pletely elastic conditions in the pavement and road bed materials, on the other 
hand empirically derived results from field tests.

Since it must be considered correct from a technical and economic standpoint to 
assume that the tonnage moved will be the same after an increase in axle load as 
before, the second of the two methods presented should give the best estimate of 
the necessary increase in pavement thickness. This increase can therefore be 
assumed to correspond to the percentages stated above. As can be seen, however, 
the difference between the two methods is only small.

It is now necessary to investigate the increase in cost that results from an in
crease in pavement thickness. Naturally, this depends on the material used and the 
thickness chosen for each of the three pavement courses. We illustrate this in the

Axle load, 
tons

No. of equivalent 
8-ton axle 

applications

Structural
number,

» t

Difference 
in D t

%

8
10

1.00X106
1.70X 106

3.25
3.60

10.8
8.4
7.7

12 2.95 X 106 3.90
14 4.80 X 106 4.20



following manner by investigating a surface course and the base and subbase course 
beneath it.

In the analysis of pavement costs in section 2.1 above, the following price rela
tionship was found between the various courses which together form the pavement:

A “normal” pavement may have the following structure:

This pavement is equivalent to a thickness index, D, of 3.9 in. or 9.8 cm.
As shown by the formula

D =  0.44-D1 +  0.13- D2 +  0.11 D3

the quantities Du D2 and D3 can be combined in infinitely many different ways for 
the same value of D. The validity of the formula assumes only that Dx is not less 
than 5 cm and that D2 is not less than 7.5 cm. An increase of D by, say, 9 %, can 
therefore lead to different cost increases, depending on how the requisite increase 
in thickness is shared out among Dl9 D2 and Ds.

The extreme values will be:
The biggest cost increase occurs if only D1 is increased.
The smallest cost increase occurs if only Ds is increased.
Application of the price relationship above yields the following results.
If only £>! is increased by 9 % (0.9 cm), the value of the first term in the equa

tion will be 3.1 instead of 2.2 cm. The increase in will then be 2.1 cm, which 
means that Dx is increased from 5 to 7.1 cm. Therefore, the ratio between costs 
after and before the thickness increase will be:

7.1X15.5 +  20X2.3 +  45
----------------------------------- =  1.19,

5X15.5 +  20X2.3 +  45

which shows that the incremental cost will be 19 %.

If only Ds is increased, an increase of = 8 .2  cm will be necessary.

Material Cost, kronor/sq.metre Price relationship
per cm

Bituminous surface 1.70 15.5
Base course 0.25 2.3
Subbase course 0.11 1

Material Thickness of course, cm Price, kronor/sq.metre

Bituminous surface 5 8.50
Base course 20 5.00
Subbase course 45 4.95

70 18.45



By analogy, we get:

5X 15.5 +  20X2.3 +  53.2
----------------------------------- =  1.05,
5X15.5 +  20X 2 .3+ 45

and the incremental cost in this case will thus be 5 %.
The biggest cost increase will be 19 % and the smallest 5 %.
As can be seen in table 2.3, this latter alternative is not in keeping with the 

principles in the Swedish design standards, while the former for financial reasons 
is not applicable in practice. Both of these extreme alternatives can thus be 
excluded.

What remains, then, is a distribution of the thickness increase in a suitable 
manner between all the courses. This distribution can for instance be such that we 
obtain a linear relationship between thickness index and costs. An increase in 
thickness index by 9 % thus corresponds to a cost increase of 9 %. We find that 
this can be obtained by, e.g., increasing the thickness of the bituminous surface by 
0.45 cm (10 kg/sq.m), that of the base course by 1.8 cm and that of the subbase 
by 4 cm. Such a distribution is likely to be regarded as suitable by most highway 
engineers. In the following we can therefore assume that the percentages calculated 
above for the increase in thickness index are valid for the corresponding increase 
in pavement cost.

However, in the road section studied above the side slopes are not included. 
Obviously, the increase in the quantity of base and subbase material will be 
slightly higher than the increase in pavement thickness. For the road widths and 
axle loads studied here it can be shown that this increase in quantity will be
1.5—2.5 % higher than the increase in pavement thickness. This is allowed for 
in the following by adding an average of 2 % to the percentages calculated above. 
The inaccuracy involved by choosing a constant value for this allowance is only 
minor.

2.4.3 Costs of increased Roadbed Width, Drainage and Right of Way

A thicker pavement necessitated by a higher axle load requires a larger width of the 
roadbed than a thinner one. Therefore increasing costs due to additional earthwork 
(cuts and fills), drainage and right of way would also be related to rise in axle 
loads.

A calculation prepared by the Road Administration shows that the amount of 
the cost increase for additional cuts and fills is less than 1 % of the total cost for 
the pavement, when the axle load increases from 10 to 13 tons.

The additional costs due to extra drainage and right of way are difficult to cal
culate generally but can be estimated to be of the same magnitude as mentioned 
above.



In this study, an additional allowance for increased roadbed width, extra 
drainage and right of way is estimated to an average of 2 % of the pavement 
construction costs for every 2-ton increase in axle load.

The increase in pavement construction cost including this allowance will be as 
follows.

2.4.4 Bridge Construction Costs

The costs discussed so far relate to highways only. However, if the permissible axle 
load on a highway network is increased, it must also be increased for the bridges 
included in that network. As the construction cost of a bridge exceeds that of a 
road of the same length, it is necessary to study the extent to which the bridge 
construction cost influences the average incremental pavement cost. According to 
information provided by the Road Administration (14), it may be assumed that an 
increase in the design tandem-axle load from 20 to 24 tons, (and higher gross 
weights) should result in an increase of approx. 7 % in the bridge construction cost. 
For an assumed bridge width of 13 metres and an average cost per sq. metre of
1,000 kronor, the construction cost will be about 15 times greater than for a high
way of the same width.

Since, as in this case, the average cost per kilometre of the highway network is 
to be determined, the cost per kilometre should, strictly speaking, be calculated as 
a weighted average between the road (pavement) part and the bridge part. Swedish 
bridges in 1965 were estimated to cover a length of 265 kilometres (9,200 bridges 
with an average length of 28.5 metres). If this is considered in relation to the total 
length of the Swedish road network, approx. 97,000 kilometres, it is found that on 
the average there is 1 bridge per 10 kilometres of road, or approx. 3 metres of 
bridge per kilometre of road.

Obviously, it is a complicated matter to determine the increase in bridge con
struction cost generally since the cost-increase depends on bridge type, bridge 
span, type of foundation structure, etc. As in some types of bridges, an increased 
axle load affects a greater part of the bridge structure than in others precise 
calculations can only be made in specific cases.

The already mentioned increase of 7 % has been determined as an average for 
different bridge types. As no other cost data are available this figure will be used 
here as corresponding to the increase in tandem-axle loads ranging from 20 to 
24 tons.

Increase in axle loads 
from— to

Increase in pavement construction 
cost in per cent

8— 10 15
10— 12 13
12— 14 12



For the other two axle-load intervals no calculations have been made and 
therefore rough estimates are necessary.

We assume that the increases between 16 and 20 and between 12 and 16 tons 
amount to 8 and 9 % respectively. The average cost, 1,000 kronor per sq. metre, 
stated earlier is assumed to be related to a tandem-axle load of 20 tons, and the 
service life corresponding to this original cost is estimated to be 50 years, i.e. 
approx. twice the service life of the pavement.

This difference in estimated service life is compensated for in table 2.6, where 
the construction cost of the average bridge part per kilometre of the road network 
is added to the construction cost of the pavement part.

2.4.5 Maintenance Costs

The Road Administration has compiled data showing the actual maintenance costs 
for three different highway sections with different traffic intensities.

The results for roads with a bituminous surface are presented in table 2.5 below.

Table 2.5. Annual maintenance costs for a 13-metre wide road in southern Sweden in 
relation to ADT.

Maintenance costs, kronor per kilometre and year

ADT Total cost Deduction Bare-
kronor/km Winter upkeep Administration ground

(snow-clearing, etc.) maintenance

1000 5000 1200 450 3350
2000 6600 1800 600 4200
3000 7800 2500 700 4600
4000 8900 3000 800 5100
5000 9900 3300 900 5700

Using these figures (table 2.5) as a guide, the following maintenance costs can be 
estimated for the 3 sections for which the costs have been calculated:

The maintenance costs listed in table 2.5 are not referable to any specific axle 
load but correspond instead to the axle loads which are normally encountered. 
When, as in this case, we are concerned with calculating the difference in pavement 
construction costs arising out of different axle loads, a question which arises is if 
maintenance costs also increase with increasing axle load. If so, the discounted

Highway section, Maintenance cost, kronor per km
m and year

13 6000
9 4000
6.5 2500



maintenance cost for each axle load should be added to the cost of constructing 
the pavement.

As, in this context, the pavement still at the design stage is adapted to the axle 
load to which it is expected to be exposed, it may be assumed that the maintenance 
costs directly occasioned by the axle load acting on it will remain largely unaltered 
for different permissible axle loads. It should not, therefore, be necessary to add 
the discounted maintenance-cost figure to the construction costs with which we 
are now concerned.

When viewed in this manner, the only difference in pavement costs for highways 
designed for axle loads of 8, 10, 12 and 14 tons respectively will be that calculated 
above and which was found to be between 12 and 15 % of the construction costs.

For a certain part of the maintenance —  that which cannot be regarded as 
routine work — the position may be different. Local weak spots in the road bed, 
inadequate inspection and testing, mistakes, etc., during the construction period — 
which are not necessarily caused by the axle load to which the highway is exposed 
— can subsequently necessitate reconstruction of the finished pavement. The costs 
thereby arising must obviously be assumed to be greater for a thicker than for a 
thinner pavement and the difference is therefore relatable to the axle loads. The 
construction cost at a given design axle load should therefore, in principle, be in
creased by this discounted cost difference. It is impossible to calculate what this 
might mean in numerical terms, but probably this cost difference is of small 
importance. Therefore no maintenance costs are included in this study.

2.4.6 Summary of Pavement Construction Costs

The pavement (and bridge) construction costs are summarized in table 2.6. The 
total costs are related to one kilometre of the road network. The cost differences 
corresponding to each 2-ton increase in the axle load are also shown in the table. 
These differences are called incremental highway costs.



Cost items

Construction costs, kronor per kilometre 

for axle loads of

8 tons 10 tons 12 tons 14 tons

Road width 13 metres
Pavement 221,910 255,200 288,380 322,980
Bridges 27,180 29,630 32,000 34,240

Total 249,090 284,830 320,380 357,220
Incremental highway costs 
due to higher axle loads 35,740 35,550 36,840

Road width 9 metres
Pavement 155,220 178,500 201,710 225,910
Bridges 18,690 20,370 22,000 23,540

Total 173,910 198,870 223,710 249,450
Incremental highway costs 
due to higher axle loads 24,960 24,840 25,740

Road width 6.5 metres
Pavement 101,390 116,600 131,760 147,570
Bridges 13,590 14,810 16,000 17,120

Total 114,980 131,410 147,760 164,690
Incremental highway costs 
due to higher axle loads 16,430 16,350 16,930



CHAPTER 3

Vehicle-Operating Costs

3.1 Ton-km Costs

In this chapter, an analogous calculation will be made of the vehicle-operating costs 
which can be regarded as a valid average for trucks and multi-axle vehicles em
ployed in road haulage on the Swedish highway network in 1965.

The highway costs discussed earlier were considered for four different axle 
loads, viz. 8, 10, 12 and 14 tons. The vehicle-operating costs will also be calculated 
for these same axle loads. We shall investigate the difference in these costs when 
the maximum permissible axle load is varied from 8/12 to 10/16, from 10/16 to 
12/20 and from 12/20 to 14/24 tons.

The term “vehicle-operating cost” is understood to mean all the capital and 
running costs relating to vehicle operation. Taxes (mainly registration fees and fuel 
taxes) set aside by the authorities for financing expenditures on the roads are not 
included, nor are the terminal costs, as these costs scarcely can be related to the 
axle load. The vehicle-operating costs are generally expressed in kronor (or öre) 
per payload ton-kilometre (ton-km).

Variations in vehicle-operating costs will be considerable, since they are de
pendent on numerous factors, including vehicle size, payload factor (payload versus 
loaded gross weight), coefficient of utilization (payload versus cargo-carrying capa
city), operating conditions (local or long-distance haulage), etc. In this chapter, a 
relationship between vehicle-operating cost and the gross weight of the vehicles 
will be determined for vehicles designed for an axle load of at least 8 tons. Other 
vehicles can be disregarded in this context, although they constitute a substantial 
portion of the total vehicle stock.

In discussing the relationship between vehicle-operating cost and gross weight, 
it should be borne in mind that the assertion that the use of bigger trucks results 
in lower ton-km costs is regarded as indisputable within the transport sector. The 
truth of this can, in fact, readily be proved in the case of individual vehicles 
operated by a certain, specific branch. It is not equally easy, however, to calculate 
a more generally applicable relationship between vehicle-operating costs and gross 
weight. The reason for this is that a calculation of this kind must be based on a 
number of different considerations. We must know, for example, if we are dealing 
with piece-goods (parcels and packages, etc.), with oil, or with timber. How far



does the truck have to travel (both with its payload and on the return trip), and 
what average speed can be assumed?

Questions of this nature will have to be answered before a cost analysis can be 
drawn up and completed. Consequently, every calculated ton-km cost will be valid 
only on the conditions forming the basis of calculation.

Although it is difficult to arrive at the vehicle-operating costs which can be 
regarded as a nation-wide average, certain calculations have nevertheless been 
made. In the year book “Motor Traffic in Sweden”, AB Bilstatistik (15) publishes 
annual statistics on average length of haul and average ton-km price. These data 
are obtained from freight vehicles of all sizes, i.e. also small trucks using low axle 
loads. They are therefore of limited interest in the present context, where only 
heavier freight vehicles (vehicles with an axle load of at least 8 tons) will be studied.

In view of the difficulties encountered when attempting to formulate a reason
ably valid relationship between operating costs and gross weight for the heavier 
vehicle stock, the Swedish Road Research Institute, in 1964, entrusted the task of 
conducting an investigation on this subject to Mr. L. Å. Jöndell, a traffic con
sultant. JöndelPs report, which was published by the Swedish Road Research 
Institute, (12) is currently the only report of its kind in this country.

In JöndelTs investigation, vehicle-operating costs are studied for 4 different 
vehicle types in specific circumstances, the assumptions being transport of bulk 
cargo, a 50-kilometre haul and 50 % utilization of the carrying capacity of the 
vehicle (full payload in one direction and no cargo on the return trip). This latter 
assumption is valid for most heavy road-transport operations, such as haulage of 
timber, ore, building and construction materials, etc.

In the quoted report different vehicle gross weights have been obtained by 
assuming that the axle loads, in otherwise unchanged conditions, vary from 8/12 
to 10/16 tons and from 10/16 to 12/20 tons, i.e. at the same intervals as those 
used in chapter 2 when calculating the pavement costs. Jöndell, however, set the 
upper axle-load limit at 12/20 tons, instead of at 14/24 tons as in the present 
study. On the basis of these 3 axle loads, Jöndell has determined the vehicle- 
operating costs for freight vehicles with gross weights of from 13 to 46 tons. The 
results are presented in table 3.1 and in fig. 3.1 and 3.2.

Fig. 3.1 shows the payload factors which have formed the basis of calculation. 
The numerical values listed in table 3.1 are reproduced in the form of a diagram 
in fig. 3.2, where the curve includes all costs (all taxes as well as other cost items).

The reduction in ton-km costs with increasing loaded gross weight will depend 
mainly on the design and payload factor of the vehicles used. The payload factors 
recorded in fig. 3.1 are applicable mainly to Volvo and Scania Vabis trucks, which 
are the predominant makes on the Swedish market. The costs for vehicles with an 
axle load of 12/20 tons have been determined in the light of those for trucks with 
the lower axle loads (8/12 and 10/16 tons). Trucks manufactured in other



Table 3.1. Ton-km costs for 4 vehicle types.
Column 1 is reproduced from (12)

A =  2-axle truck (single-unit)

B =  3-axle truck (single-unit with tandem axle)

C =  3-axle tractor-semitrailer combination 

D =  5-axle tractor-semitrailer combination 

1, 2, 3 =  Axle load 8/12, 10/16 and 12/20 tons respectively.

countries can give different payload factors, and consequently the cost reduction 
resulting from an increased carrying capacity (loaded gross weight) will also differ 
from the figures found for the Swedish makes of trucks.

How, then, do the curves illustrated in fig. 3.1 and 3.2 compare with curves 
drawn to illustrate the results of foreign investigations in this field?

As already pointed out, no other Swedish reports are available with which the 
curves in fig. 3.1 and 3.2 can be compared. In a few foreign countries, however, 
reports have been published which deal with the relationship between vehicle- 
operating costs and loaded gross weight. Although results of investigations con
ducted elsewhere are for many reasons inapplicable to Swedish conditions, it may 
be of interest to make reference to an American, a German and a French analysis 
of vehicle-operating costs as a function of loaded gross weight for the purpose of 
comparison.

1 öre = Swedish kronor

Vehicle-operating costs, öreVton-km

Vehicle type Incl. taxes 
(1)

Excl. taxes 
(2)

A! 21.91 18.48
^2 18.11 15.18
As 16.68 13.87
B, 17.39 14.51
b 2 14.46 11.87

b 8 13.11 10.62
Ci 14.70 12.33
c 2 12.73 10.62
C3 11.70 9.73
Di 11.88 9.89
d 2 10.45 8.60
d 3 9.74 7.91



LOADED GROSS WEIGHT IN TONS
Fig. 3.1. Payload in relation to loaded gross weight (12).

LOADED GROSS WEIGHT, TONS 
Fig. 3.2. Table 3.1 in diagrammatic form. 39



The American study was conducted in 1961 (16). It comprises data obtained 
from more than 600 long-distance road-haulage companies. The material dealt

LOADED GROSS WEIGHT IN 1000  POUNDS 
Fig. 3.3. Payload in relation to loaded gross weight for American tractor-trailer combinations 

used for long-distance road haulage. The diagram is reproduced from (16).

Table 3.2. Ton-km costs for American long-distance road-haulage with 50 % utilization of 
the load-carrying capacity according to (16).

Loaded gross weight 
tons

Vehicle-operating costs 
cents/ton-km

12.5 5.67
20.0 3.18
26.4 2.53
29.5 2.35
33.2 2.21
37.3 2.10
41.4 2.03
45.5 1.97
55.9 1.84
62.3 1.79
77.7 1.72



LOADED GROSS WEIGHT IN TONS 

Fig. 3.4. Table 3.2 in diagrammatic form. The curve is based on data received from 17,737 
petrol-powered and 5,647 diesel-powered vehicles of different makes.

with included more than 23,000 trucks or truck-trailer combinations. The rela
tionship between payload and loaded gross weight for these vehicles is illustrated 
in fig. 3.3. As shown in the diagram, the payload factor rises from approx. 55 % 
for a loaded gross weight of 15 tons to approx. 70 % at loaded gross weights of 
or above 50 tons. The vehicle-operating costs are given in table 3.2, where the 
costs are specified in cents/ton-km and the loaded gross weight in tons. The figures 
listed in table 3.2 are also shown diagrammatically in fig. 3.4. The cost figures are 
valid for 50 % utilization of the trucks. They do not include road-user taxes, license 
fees and fuel taxes.



Cost data applicable to German conditions have been studied by Precht (17). 
His investigation covered 8 different truck makes (Bussing, Faun, Hanomag, Hen- 
schel, Krupp, Magirus, MAN and Merzedes Benz) and 3 makes of trailers (Blu- 
menhardt, Kässbohrer and Schenk).

The payload factor and the vehicle-operating costs can be determined on the 
basis of Precht’s report. The former is illustrated by fig. 3.5 and the latter by 
fig. 3.6.

As may be seen from fig. 3.5, the payload factor varies from about 50 % with 
a loaded gross weight of 6 tons to about 65 % when the loaded gross weight is 
32 tons — the maximum permitted in Germany in 1962.

The vehicle-operating costs in fig. 3.6 are shown in relation to the loaded gross 
weight in Pfennig/ton-km (Pfg/ton-km). The values marked with dots refer to local 
traffic and an annual driving distance of 50,000 km. The average of these values 
is indicated by means of a mean-value curve. The costs are in respect of 100 % 
vehicle utilization and also include all road-user taxes.

A study of French vehicle-operating costs has been conducted by Fournier (18), 
who has analysed all cost items.

LOADED GROSS WEIGHT IN TONS
Fig. 3.5. Payload in relation to loaded gross weight according to information compiled by 

Precht (17) in respect of 8 German vehicle makes and 3 makes of trailers.



Fig. 3.6. Vehicle-operating costs, Pfg per ton-km, according to Precht. The figures are in 
respect of 8 makes of vehicles and 3 makes of trailers.

The results have been recorded in 2 diagrams, both of which are reproduced 
here.

The payload factor is shown in fig. 3.7, from which it is seen that this factor 
rises from 51 % for a loaded gross weight of 10 tons to 61 % when the loaded 
gross weight is 35 tons.

The vehicle-operating costs are recorded in fig. 3.8 in French francs (NF/ton- 
km) in relation to the loaded gross weight of the vehicles. The costs are relevant 
for 100 % truck utilization (i.e. full payload on both outward and return trips) and 
also include taxes.

As pointed out earlier, vehicle-operating costs from other countries cannot be 
applied to Swedish conditions. Even comparisons can be misleading for many 
reasons, and moreover the costs recorded are seldom in respect of the same year. 
A further factor which complicates comparisons of vehicle-operating costs in dif
ferent countries is the difficulty of finding a proper yardstick with which to gauge 
the purchasing power of different currencies. It is, however, somewhat easier to



Fig. 3.7. Payload in relation to loaded gross weight according to (18). The y-axis represents 
the payload (U) in tons and the x-axis the loaded gross weight (t) in tons. The 
payload factor (U /t) is also marked along the y-axis.

compare the relationships between vehicle-operating costs and loaded gross weight, 
and in the present context this is also more interesting than the amount of the 
vehicle-operating costs. This kind of comparison can be made without converting 
currencies.



Fig. 3.8. French payload ton-km costs according to calculations by Fournier (18). The y-axis 
is graduated in French francs (r) and the x-axis in tons, loaded gross weight (t). The 
curve is valid for 100 % vehicle utilization (full payload on both outward and return 
trip).

The vehicle-operating costs versus the loaded gross weight as reported from 
the German, French and American investigations mentioned earlier have been 
compared with the Swedish results in fig. 3.9, where each of the said 3 foreign cost 
relationships together with the curve shown in fig. 3.2 is expressed in relative 
terms in proportion to the cost for a vehicle with a loaded gross weight of 13 tons 
(a 2-axle truck with an 8-ton rear-axle load and a 5-ton front-axle load).



LOADED GROSS WEIGHT IN TONS

Fig. 3.9. Relative payload ton-km costs according to Fournier (18), Precht (17), Jöndell (12) 
and HRB (16).

As may be seen from fig. 3.9, the 4 curves fall at different rates with increased 
vehicle size — here expressed in loaded gross weight. The curve with the steepest 
downward slope is that which refers to long-distance road haulage in the United 
States, where an increase in the loaded gross weight from 13 to 30 tons results in 
a reduction of about 60 % in the payload ton-km costs. For still bigger vehicles 
(loaded gross weight more than 30 tons), the curve, however, flattens out, and for 
vehicles with a loaded gross weight of more than 50 tons the cost reduction is 
negligible.

The biggest of the trucks included in the American study have no counterpart 
in any of the other investigations referred to here. They are not found on the roads 
of Europe, and in the U.S.A. they presumably operate only on private roads.

A substantially smaller cost reduction is shown by the curves from the French 
and German studies.

According to the French report, an increase in loaded gross weight from 13 to 
35 tons reduces the costs by only 27 %, whereas the reduction reported by the 
German investigator is bigger, or 40 %.



As may be seen in fig. 3.9, the Swedish curve lies roughly in between those 
illustrating the German and American results, and shows a reduction of 55 % in 
the ton-km cost when the loaded gross weight is increased from 13 to 46 tons.

The Swedish curve in fig. 3.9 thus indicates that the use of bigger trucks leads 
to greater savings if a switch is made to bigger load carriers than intimated by the 
French and German studies. In comparison with the American results, however, 
the cost reduction found in the Swedish study is smaller. Although the curve in 
fig. 3.9 lies roughly in between the others, this does not necessarily mean that it 
reflects some kind of average value. The curves shown in fig, 3.9 have not all been 
drawn up on the basis of identical conditions, and consequently the comparison 
does not allow any reliable conclusions to be reached as regards the correctness 
of the Swedish curve. Nevertheless, some points of interest do emerge.

The reason why the French curve shows a substantially smaller reduction than 
the other three may be related to the loaded gross weight regulations valid in 
France. On 2-axle trucks, a loaded gross weight of 19 tons is permitted, which 
thus makes it possible to have an axle load of 13 tons on the rear axle and of 
6 tons on the front axle.

For 3-axle trucks, the corresponding legal limit is 26 tons, which thus allows a 
tandem-axle load of 20 tons. For the biggest vehicles, finally, the loaded gross 
weight is limited to 35 tons, which further impedes the efficient utilization of 
multi-axle combinations.

One consequence of this is that 2-axle trucks, relatively speaking, enjoy sub
stantial advantages with regard to operating costs when compared with multi-axle 
vehicles. This favour is further accentuated by the speed limits enforced in France. 
For 2-axle trucks with a total weight of less than 15 tons the maximum permissible 
speed is 85 km /h as against only 70 km /h in Sweden. It is to this particular cate
gory that the 13-ton truck taken as the starting point for the curve in fig. 3.9 
belongs. This is low right from the very start in comparison with the corresponding 
values for the other curves. On top of this, the utilization of multi-axle combina
tions is restricted more than that of single-unit trucks by the loaded gross weight 
regulations. When these advantages are borne in mind, the moderate cost reduc
tion indicated in the French curve has a natural explanation. The legal conditions 
mentioned earlier also afford an example of the way in which national regulations 
can hinder or prevent direct comparisons between different countries.

The German curve also falls at a slower pace than the Swedish one, and the 
difference may very well be due to different grounds for the calculations. If, on the 
other hand, the difference found really does have a factual basis, it is then probable 
that the German curve should be above the Swedish one, in the manner shown in 
fig. 3.9, i.e. it falls more slowly than its Swedish counterpart. This may be attributed 
to differences between German and Swedish makes of vehicles. The trucks of 
German manufacture which have been and are still found in Sweden have proved



to be more sensitive to heavier loads than vehicles of Swedish manufacture, many 
of which are built for heavier axle loads than those permitted.

Vehicles made in Germany seem to be designed with narrower mechanical 
strength limits and lack any marginal allowance for illegal axle loads. This may 
perhaps be due to experience of efficient control measures by the German police 
authorities to ensure that the axle-load regulations are not exceeded.

This difference in vehicle design should thus result in higher ton-km costs for a 
Swedish truck intended for a loaded gross weight of 13 tons than for a German- 
made vehicle of the same size, as the Swedish one is overdimensioned for this 
loaded gross weight limit. This may be a reason why the German curve should fall 
at a slower pace than the Swedish one.

The only comment that will be made on the American curve is that this, in con
trast to the other 3 curves shown in fig. 3.9, is based on long-distance hauls (trips 
of at least 150 miles) only. It is quite obvious that for transports of this kind a 
single-unit truck with a loaded gross weight of 13 tons is uneconomical in com
parison with multi-axle combinations. (The American material includes vehicles 
with up to 9 axles.) It may therefore be assumed that the initial value in the 
American curve is relatively high in comparison with the values for the really big 
tractor-semitrailer combinations. Consequently, the curve will slope downwards 
with increasing loaded gross weight at a faster pace than the 3 others.

The comparison given here cannot be used as evidence of the correctness of the 
Swedish curve. It is nevertheless difficult to disregard the general impression given 
by the comparison, which does not contradict an assertion that the curve reflects 
a reasonable relationship between ton-km costs and loaded gross weight. Some of 
the figures listed in table 3.1 will therefore be referred to in the reasoning which 
follows, i.e. those concerning the cost for truck types A (2-axle), B (3-axle) and D 
(5-axle tractor-semitrailer combination).

The figures listed in table 3.1, column 1 also include taxes. In the cost figures 
to which reference will be made below, however, all taxes set aside for roadnet 
improvements have been deducted (column 2). The amounts deducted are those 
which were valid in 1965 for road-user taxes and fuel taxes.1

In table 3.1, costs are specified for 4 different vehicle types, designated A, B, 
C and D. In order to conform with the axle classification system by number of 
axles which is applied in the Swedish loadometer studies — the results of Swedish 
loadometer studies conducted in 1965 will be discussed separately further on — it 
is now appropriate to use the same vehicle classifications, instead of stating specific 
vehicle types as in table 3.1. The ton-km costs will accordingly be analysed for

1 It is assumed that the amounts mentioned are used exclusively for highway construction and 
maintenance.



2-axle, 3-axle, 4-axle, 5-axle and >5-axle vehicles. To allow this, the following 
calculations and assumptions have been made.

The costs for vehicle types A, B and D in table 3.1 are assumed to be represen
tative for 2-axle, 3-axle and 5-axle vehicle types respectively. The costs for 4-axle 
and > 5 -axle vehicles are not included in table 3.1 and for these the costs have 
been calculated separately on the basis of the curve in fig. 3.2.

Table 3.3. Ton-km costs in öre/ton-km for 5 vehicle types with varying axle loads.

Vehicle types

Ton-km costs, öre/ton-km 
at axle loads of

8/12
tons

10/16
tons

12/20
tons

14/24
tons

2-axle 19.77 16.24 14.83 13.70
3-axle 15.53 12.70 11.35 10.35
4-axle 11.70 9.95 9.30 8.68
5-axle 10.58 9.20 8.47 7.95

> 5 -a x le 9.20 8.35 7.85 7.55

The figures listed in table 3.3 are reproduced in diagrammatic form in fig, 3.10.

LOADED GROSS WEIGHT IN TONS
Fig. 3.10. Table 3.3 in diagrammatic form.



Vehicles with an axle load of 14/24 tons are not represented in fig. 3.2. The ton- 
km costs for such vehicles have been determined on the basis of the curve in fig.
3.2 for those with a loaded gross weight of not more than 46 tons. The ton-km 
costs for even bigger trucks have been determined on the basis of the American 
curve in fig. 3.4, which includes multi-axle combinations with a loaded gross 
weight of up to 77 tons. For this calculation, it was assumed that the relative cost 
reduction shown by this curve (numerical values are listed in table 3.2) is basically 
in harmony with that which can be expected to apply to Swedish conditions.

Having completed these calculations and assumptions, the ton-km costs for all 
5 vehicle types can be summarized. The resultant figures are listed in table 3.3, 
where the costs have been converted to the 1965 price level. The change in freight 
rates for commercial road haulage between 1964 and 1965 has been used as the 
cost index. Between these two years, freight rates went up 7.2 % (15).

3.2 The Make-up of the Freighter Fleet

In section 3.3, the average vehicle-operating costs per kilometre of the highway 
network will be calculated, the assumption being that given tonnages are to be 
moved 1 kilometre by a fleet of freighters composed of the same proportion of 
different types of vehicles as correspond to the actual conditions. The vehicle- 
operating costs will be determined for four different single-axle and tandem-axle 
loads, namely 8/12, 10/16, 12/20 and 14/24 tons, on otherwise unaltered con
ditions. Before this can be done, it is first necessary to stipulate the make-up of 
the freighter fleet.

On the basis of the ton-km costs for vehicles of different sizes recorded in table
3.3, it is clear that the composition of the freighter fleet engaged in transportation 
does affect the average cost per ton-km. A large proportion of 2-axle trucks, for 
example, leads to a higher cost per ton-km than a small proportion, since the ton- 
km costs are higher for 2-axle trucks than for multi-axle combinations. If the ton- 
km costs are to be calculated in a manner which corresponds as closely as possible 
to the actual conditions, the calculations must be based on the existing fleet of 
vehicles. The composition of this, viewed as an average for all Swedish highways 
in 1965, is shown in table 3.4. This table is reproduced from the Road Administra
tion’s financial allocation statements (1) and is based on the results of loadometer 
studies conducted in 1965 (8).

Table 3.4 covers all the vehicles weighed at the weighing points in 1965, i.e. all 
vehicles with an axle load of or more than 1.25 tons. It is obvious that a great many 
of these are not designed for an axle load of 8 tons or more. They cannot therefore 
be expected to utilize the axle loads permitted today. Such vehicles would thus 
not derive any cost benefit from higher permissible axle loads.



Table 3.4. Percentage of different vehicle types in the freighter fleet and proportion of the 
total freight tonnage carried by each type according to loadometer studies in 1965.

Vehicle types by 
number of axles

Percentage 
of total fleet

Percentage of 
total tonnage moved

2-axle 49.6 14.9
3-axle 15.6 15.5
4-axle 16.0 19.6
5-axle 13.6 33.6

> 5 -a x le 5.2 16.4

A freighter fleet made up in the manner indicated in table 3.4 is thus of no 
interest in the present context.

One way of adjusting the distribution shown by the table is to discount all trucks 
which by type or size are incapable of utilizing an axle load of at least 8 tons. This 
has been done by the Road Administration, the method being to deduct from the 
total number of vehicles registered in 1965 all 2-axle vehicles with a tare weight 
of less than 6 tons on roads of categories E, R and Lp . A tare weight of 6 tons 
corresponds roughly to the borderline between trucks which could and those which 
could not benefit by the introduction of higher permissible axle loads.

After this adjustment, the figures given in table 3.5 are found. It should be noted 
that the table does not represent the entire highway network, as roads of category 
L s are not included.

Table 3.5. Average freighter fleet, where all 2-axle vehicles which are assumed not to benefit 
by the introduction of higher permissible axle loads are disregarded.

Vehicle types by 
number of axles

Percentage of 
total fleet

Percentage of 
total tonnage 

moved

Average load 
carried, tons

2-axle 42.7 13.4 2.7
3-axle 16.9 14.7 7.7
4-axle 18.5 20.1 9.5
5-axle 15.8 34.8 19.3

>  5-axle 6.1 17.0 24.2

It should be pointed out that the percentages and load values given in table 3.5 
are not as exact as might be expected from the figures, given with an accuracy of
0.1 %. As shown by the average load carried by the different types of vehicles, 
that for 2-axle trucks is noticeably small compared with that for 3-axle trucks. 
Similarly, 4-axle vehicles carry a substantially smaller load than 5-axle freighters, 
which show a very high average load. A probable reason for this is that empty
3-axle trucks are registered as 2-axle units and unloaded 5-axle vehicles as 4-axle 
ones, since one of the axles in a tandem is raised when driving empty. Any errors



which may reduce the accuracy of the tabulated figures are, however, due to the 
registration procedure and can consequently not be corrected here. It is also im
possible to adjust the proportion of 2-axle vehicles so as to make allowance for 
buses, which are also registered in this group. This, however, is of no appreciable 
importance.

As stated above, we are here concerned with calculating the vehicle-operating 
cost per kilometre on the assumption that a given tonnage is to be transported by 
a fleet of freighters which corresponds as closely as possible to that actually found 
on the highway network, but assuming that the permissible axle load amounts to 
8/12, 10/16, 12/20 and 14/24 tons.

The freighter fleet according to table 3.5 can provide a basis for this calculation, 
provided that all the vehicles operating on roads of categories E, R and Lp are 
assumed to take full advantage of the axle loads assumed here. The difference in 
vehicle-operating costs which would result from the introduction of higher axle 
loads can be found by determining the vehicle-operating costs for each of the said 
axle loads. Suppose that this calculation gives the following results:

In this case, the profit will amount to 20,000 kronor when the permissible axle load 
is increased from 8/12 to 10/16 tons, to 10,000 kronor for a change from 10/16 
to 12/20 tons and to 5,000 kronor for a change from 12/20 to 14/24 tons, all on 
the assumption that the entire freight tonnage involved (1 million tons) is actually 
carried on vehicles which fully utilize these axle loads.

This assumption, however, would be grossly misleading, since it is unlikely that 
all the vehicles listed in table 3.5 actually take full advantage of the permissible 
axle loads. This, in turn, means that of a given freight tonnage, e.g. 1 million tons 
per year, only a certain percentage will be carried on vehicles with fully utilized 
axle loads. It is, then, only this percentage that can contribute to the savings in 
vehicle-operating costs, and not the entire freight tonnage as assumed in the 
example above. It is perfectly clear that this circumstance is a factor of great 
significance in an attempt to calculate the total vehicle-operating profits to be 
gained from higher axle loads. We therefore need to know how great a percentage 
of the total tonnage is actually contributing to these profits.

The results from the loadometer studies do not specify the proportion of vehicles 
actually utilizing the permissible axle loads or the tonnage carried by them. It is 
possible, however, to calculate this, as will be seen below. The proportion of

Utilized axle load, Cost in kronor for
tons haulage of 1 M tons

8/12 130,000
10/16 110,000
12/20 100,000
14/24 95,000



vehicles taking full advantage of the permissible axle loads can be calculated by 
different methods. One of these (method 1) is based on the distribution of axle 
loads shown in fig. 2.4 and the other (method 2) on the distribution of vehicles 
according to loaded gross weight and payload.

The freight tonnage for which the said proportion of vehicles is responsible can 
only be determined by the latter method of calculation (method 2). The numerical 
data for both methods have been taken from the results of the loadometer studies 
conducted in 1965.

3.2.1 Method 1

In 1965, 1,216,516 vehicle axles, corresponding to 438,110 trucks, were registered 
and weighed.

The distribution of these axles among different axle loads is shown in fig. 2.4, 
where the numerical values tabulated in Appendix 1 are plotted. On the basis of 
this material, it is possible to calculate the proportion of vehicles which fully utilize 
the permissible axle loads. This is done on the following assumptions:

1. The axle load 10/16 tons is utilized to the same extent on all highway cate
gories. This is shown by fig. 2.4 and consequently, even on roads where the 
permitted axle load is only 8/12 tons, 10/16 tons is regarded in this calcula
tion as the highest formally permissible axle load.

2. In this calculation, the permitted maximum axle load is considered to be 9.75 
tons for single axles and 15.75 tons for tandem axles. This allows the inclusion 
of those vehicles which, in order to avoid overloading, come slightly short of 
the formally permissible axle load.

On these assumptions, the following results are obtained for national highways 
(categories E and R) and regional highways (categories L p and L s).

National highways

Total number of axles =  975,822 
No. of vehicles =  342,906

The number of rear axles —  only these can fully utilize the permissible axle 
loads —  will then be 632,916, which gives an average of 1.85 rear axles per 
vehicle.

On the assumptions mentioned above, the number of fully utilized rear axles is 
found by calculation to be 88,700, which divided by the total number of rear axles 
gives approx. 0.14.



Thus roughly 14 % of the total number of rear axles fully utilize an axle load 
of 10/16 tons on the national highways.

Regional highways

By analogy, the following figures are found for regional highways:

Total number of axles =  240,694 
No. of vehicles =  95,204

The number of rear axles will then be 145,490, giving an average of 1.53 rear 
axles per vehicle.

The number of fully utilized rear axles can be estimated at 20,402, which divided 
by the total number of rear axles also gives approx. 0.14, i.e. the same figure as 
found for the national highways.

Thus roughly 14 % of the total number of rear axles fully utilize an axle load 
of 10/16 tons on the regional highways.

Comments on method 1

The percentage of the total number of vehicles to which the calculated number of 
utilized rear axles corresponds will depend on how many vehicles the utilized axles 
are split up among. The design of a multi-axle vehicle, load distribution, etc., can 
have the effect that only one of the rear axles is fully utilized. In such cases, 
however, the total load carried is frequently only a little less than that which in 
practice should be regarded as a full payload. Occasionally, compensation for one 
or more not fully utilized axles is provided by too high an axle load on another 
axle. Matters of this kind, however, may be disregarded as of no real interest in 
this context. Vehicle utilization is considered in more detail in the method of cal
culation described below.

3.2.2 Method 2

According to this method, each type of vehicle is studied on its own.
The calculation is based on the tabular summaries in Appendixes 2 and 3. The 

payloads listed in Appendix 2 have been calculated on the basis of the tare weights 
for different vehicles reported by Edholm and Norrby (19). On the basis of these 
tare weights, it may be assumed that the approximate relationships between vehicle 
type, loaded gross weight and payload listed in table 3.6 below are applicable to 
those vehicles which utilize the permissible axle load of 10/16 tons.



Table 3.6. Relationship between loaded gross weight and payload for different vehicle types, 
assuming a fully utilized axle load of 10/16 tons.

Vehicle type Loaded gross 
weight, tons

Payload,
tons

2-axle 16 9
3-axle 21 14
4-axle 31 20
5-axle 40 28

> 5 -a x le 46 32

The loaded gross weights listed in table 3.6 correspond to the classification in 
Appendix 3, thereby making it unnecessary to subdivide the groups. The stated 
loaded gross weights for the multi-axle vehicle types will then, however, be slightly 
lower than the figure corresponding to 100 % utilization of 10/16 tons. This is 
an advantage, as it allows the inclusion of those vehicles which do not fully utilize 
all the axles in order to avoid overloading. Further, there is less risk that the 
calculated proportion of vehicles which take full advantage of the permissible axle 
load will be too small — this is of vital importance to the calculations of the road- 
user savings which will be described in chapter 4. For the biggest type of vehicle 
(>5-axle), it would really be necessary to subdivide the biggest loaded gross weight 
group according to Appendix 3 (> 4 0  tons). Obviously any such subdivision must 
be rather uncertain. A reasonable way, however, of splitting up the figures in 
Appendix 3, column 8, for the > 5-axle vehicle group is to assume that the per
centage of fully utilized vehicles is approximately the same as in the next biggest 
group (5-axle). This way is therefore chosen in the following calculation.

The loaded gross weights and payloads given in table 3.6 for the multi-axle 
vehicle types are to be regarded as average values for the type concerned, de
pending on axle arrangement, type of cargo body and composition of the combina
tion (semitrailer, trailer, etc.). Data relating to 4 highway categories, namely E, 
R, Lp and L s , are given in Appendixes 2 and 3. In the following discussion, high
ways of categories E and R will be treated collectively (national highways), as will 
highways of categories L p and L s (regional highways).

National highways

Reference to Appendixes 2 and 3 provides the following information:

2-axle vehicles

No. of vehicles =  159,460 (Appendix 2, column 3).
Of these, 5,305 (Appendix 3, columns 6 and 7) are fully utilized (loaded gross 

weight i=: 16 tons). This figure represents 3.3 % of the total.



Tonnage carried =  363,800 tons (Appendix 2, column 7).
The amount of this carried on fully utilized vehicles at an axle load of 10/16 

tons is 47,745 tons (5,305 X9), i.e. 13.1 % of the total tonnage moved.
On the entire national highway network, a total of 2,808,400 tons was registered 

(Appendix 2, column 7).

Of this total tonnage, 2-axle vehicles carried 13.0 % and fully utilized 2-axle 
vehicles with an axle load of 10/16 tons accounted for 1.7 %.

Results for 2-axle vehicles

3.3 % of all 2-axle vehicles, or 1.6 % of the entire freighter fleet, are fully 
utilized and account for 13.1 % of the total load carried by 2-axle vehicles or
1.7 % of the total registered tonnage moved on the national highway network. 

Other vehicle types can be studied in a similar manner. The results are presented
below. (The details of the calculations are not included).

Results for 3-axle vehicles

25.1 % of all 3-axle vehicles, or 3.8 % of the entire freighter fleet, are fully 
utilized and account for 45.9 % of the total load carried by 3-axle vehicles or
6.4 % of the total registered tonnage moved on the national highway network.

Results for 4-axle vehicles

15.7 % of all 4-axle vehicles, or 2.8 % of the entire freighter fleet, are fully 
utilized and account for 32.8 % of the total load carried by 4-axle vehicles or
6.7 % of the total registered tonnage moved on the national highway network.

Results for 5-axle vehicles

20.0 % of all 5-axle vehicles, or 3.0 % of the entire freighter fleet, are fully 
utilized and account for 29.3 % of the total load carried by 5-axle vehicles or
10.3 % of the total registered tonnage moved on the national highway network.

Results for >  5-axle vehicles

18.9 % of all >5-axle vehicles, or 1.1 % of the entire freighter fleet, are fully 
utilized and account for 25.3 % of the total load carried by vehicles with more 
than 5 axles or 4.4 % of the total registered tonnage moved on the national high
way network.



Results for all freighters on the national highways

If the fully utilized vehicles and the tonnage carried by them are divided up among 
the different vehicle types, the following results are found for the national highway 
network:

Table 3.7. Division among different vehicle types of the total number of fully utilized 
vehicles and of the tonnage carried by these on the national highway network.

Type of vehicle No. of utilized 
vehicles on the 

national highways

% Tonnage
carried,

tons

%

2-axle 5,305 12.7 47,745 5.7
3-axle 12,890 30.8 180,460 21.8
4-axle 9,420 22.6 188,400 22.7
5-axle 10,352 24.7 289,856 35.0

> 5 -axle 3,842 9.2 122,944 14.8

Total 41,809 100.0 829,405 100.0

The number of fully utilized vehicles (41,809) accounts for 12.2 % of the total 
number of vehicles included in the loadometer studies on the national highway 
network (342,906).

The tonnage carried (829,405 tons) is equivalent to 29.5 % of the total tonnage 
registered on the national highway network (2,808,400 tons).

Regional highways

On the regional highway network, a total of 95,204 vehicles carrying a total pay
load of 594,600 tons was registered. By splitting them into vehicle types, we get 
the following results.

Results for 2-axle vehicles

4.4 % of all 2-axle vehicles, or 2.7 % of the entire freighter fleet, are fully 
utilized and account for 15.8 % of the total load carried by 2-axle vehicles or
3.9 % of the total registered tonnage moved on the regional highway network.

Results for 3-axle vehicles

27.7 % of all 3-axle vehicles, or 4.9 % of the entire freighter fleet, are fully 
utilized and account for 48.0 % of the total load carried by 3-axle vehicles or
10.9 % of the total registered tonnage moved on the regional highway network.



Results for 4-axle vehicles

14.4 % of all 4-axle vehicles, or 1.6 % of the entire freighter fleet, are fully 
utilized and account for 32.0 % of the total load carried by 4-axle vehicles or 
5.0 % of the total registered tonnage moved on the regional highway network.

Results for 5-axle vehicles

24.1 % of all 5-axle vehicles, or 1.9 % of the entire freighter fleet, are fully 
utilized and account for 33.8 % of the total load carried by 5-axle vehicles or
8.6 % of the total registered tonnage moved on the regional highway network.

Results for >  5-axle vehicles

24.4 % of all >5-axle vehicles, or 0.7 % of the entire freighter fleet, are fully 
utilized and account for 29.4 % of the total load carried by >5-axle vehicles or
3.4 % of the total registered tonnage moved on the regional highway network.

Results for all freighters on the regional highways

If the fully utilized vehicles and the tonnage carried by them are divided up among 
the different vehicle types, the following results are found for the regional highway 
network:

Table 3.8. Division among different vehicle types of the total number of fully utilized 
vehicles and of the tonnage carried by these on the regional highway network.

Type of vehicle No. of utilized 
vehicles on the 

regional highways

% Tonnage
carried,

tons

%

2-axle 2,543 22.8 22,887 12.1
3-axle 4,646 41.7 65,044 34.4
4-axle 1,494 13.4 29,880 15.7
5-axle 1,833 16.4 51,324 27.1

> 5 -a x le 633 5.7 20,256 10.7

Total 11,149 100.0 189,391 100.0

The number of fully utilized vehicles (11,149) accounts for 11.7 % of the total 
number of vehicles included in the loadometer studies on the regional highway 
network (95,204).

The tonnage carried (189,391 tons) is equivalent to 31.9 % of the total tonnage 
registered on the regional highway network (594,600 tons).



Average distribution for all highways

The distribution figures valid for national and regional highways respectively are 
listed in tables 3.7 and 3.8. As can be seen, the results for the two highway cate
gories are very close to each other.

For practical reasons it may therefore be assumed that the freighter fleet has 
roughly the same composition for all highway categories. This average composition 
can be found from the figures listed in the tables above and is reported in 
numerical terms in table 3.9.

Table 3.9. Average distribution between different vehicle types of the total number of fully 
utilized vehicles and the tonnage carried by these on all Swedish highways.

Type of vehicle No. of utilized 
vehicles on all 

highways

% Tonnage
carried,

tons

%

2-axle 7,848 14.8 70,632 6.9
3-axle 17,536 33.1 245,504 24.1
4-axle 10,914 20.6 218,280 21.4
5-axle 12,185 23.0 341,180 33.5

>  5-axle 4,475 8.5 143,200 14.1

Total 52,958 100.0 1,018,796 100.0

From the information regarding the total number of vehicles and total payload 
according to tables 3.7 and 3.8, the following summarical results are found from 
table 3.9:

The total number of fully utilized freighters, regardless of vehicle type, is
12.1 %.

The proportion of the total freight tonnage on all Swedish highways (at an axle 
load of 10/16 tons) for which these account is 29.9 %.

The calculations according to both method 1 and method 2 thus give almost the 
same results with regard to the proportion of fully utilized axles and vehicles 
respectively. Method 2 also provides information about the freight tonnage carried 
by these vehicles.

These findings are of great significance and will be used in the following 
discussion.

The savings in vehicle-operating costs described in conjunction with table 3.5 
are calculated on the assumption that higher axle loads result in lower vehicle- 
operating costs for the entire freight tonnage moved. As indicated by table 3.9, 
which provides confirmation of experience gained on general grounds, this is not 
true.



The tonnage percentage carried on vehicles with fully utilized axles amounts 
instead to only about one third of the total tonnage carried when the axle load is 
assumed to be 10/16 tons. In the following, this percentage is called the full load 
factor. It is important that due consideration be given to this factor in preparing a 
profitability analysis.

The calculated percentage will be applied in the profitability analysis in chapter 
4. Before this analysis is presented, the average vehicle-operating cost will be 
determined. This can be done with the aid of the percentages given in the right- 
hand column of table 3.9.

3.3 Average Vehicle-Operating Costs

In table 3.3, the ton-km costs are stated for vehicles of different sizes, classified 
as 2-axle, 3-axle, 4-axle, 5-axle and > 5-axle vehicles.

In table 3.9, the composition of the freighter fleet which fully utilizes a permiss
ible axle load of 10/16 tons has been established. In addition, the average tonnage 
percentages for the different vehicle types have been calculated. These percentages 
are listed in the righthand column of the table. By using these percentages as 
weights for the ton-km costs in table 3.3, it becomes possible to determine the 
average vehicle-operating costs for the different axle loads dealt with here. These 
vehicle-operating costs are specified in table 3.10.

Table 3.10. Average vehicle-operating costs in öre/ton-km, calculated on the basis of tables 
3.3 and 3.9.

Axle load, tons

8 /12  10/16 12/20 14/24

Vehicle-operating costs,
öre/ton-km 12.45 10.57 9.69 9.03

Cost reduction (profit) 
resulting from a change 
to a higher axle load 1.88 0.88 0.66

The figures given in table 3.10 above can be commented on as follows:
The freighter fleet for which the composition was determined in table 3.9 and 

on which the vehicle-operating costs in table 3.10 are based is valid for the year 
1965, at which time the highest permitted axle load was 10/16 tons.

In the profitability analysis in chapter 4, the permissible axle load will be 
assumed to vary from 8/12 to 14/24 tons, in 3 stages with an increase of 2 tons 
per single axle-load stage.



The vehicle-operating costs applied in this calculation should correspond to the 
freighter fleet actually in service during the calculation period and not to the 
freighter fleet during the first year of this period (in 1965). It is, however, quite 
impossible to calculate today how future modifications to the construction and 
design of individual vehicle types and the future make-up of the freighter fleet 
may influence the vehicle-operating costs.

There is, of course, no doubt that truck manufacturers will be introducing new 
design features in the future, but probably these will be concerned mainly with 
engines, safety devices, cab comfort and other details likely to promote sales. 
Changes with regard to the ratio between payload and loaded gross weight, which 
would have a tangible effect on the vehicle-operating costs, are not really to be 
anticipated, and it seems likely that the same types of freighters as those found on 
the roads today will still be predominant for a long time ahead.

With regard to the composition of the freighter fleet on the Swedish highway 
network, no major change is to be anticipated. A structural change observable at 
the present time is that the proportion of vehicles in the group with more than 
5 axles is increasing. This change, however, is no doubt directly related to the 
recently introduced new regulations governing the maximum length of truck-trailer 
combinations, which are now permitted to be as much as 24 metres long.

In the light of the above reasoning, the composition of the freighter fleet during 
the calculation periods dealt with in chapter 4 will be assumed to be identical with 
that described here.

3.4 Full Load Factor

The question of how the full load factor may be affected by higher permissible axle 
loads is difficult to answer. The following remarks are believed to be of relevance 
when considering this question.

On the one hand, the introduction of higher permissible axle loads could favour 
an increase of the full load factor, since the freighters will be bigger and more 
expensive and will therefore need to be utilized more efficiently.

On the other hand, this argument is not supported by, for instance, table 3.9, 
where a high degree of utilization is not reflected only by the biggest and most 
expensive vehicles. Even with the currently applied axle loads and with the 
freighter fleet in operation at the present time, efficient utilization is undeniably a 
matter of great importance.

It is more likely that the full load factor will decline as the axle load increases, 
since an increasingly smaller percentage of the freight tonnage will then have a 
shipping density that is high enough for the greater axle loads. A further con
sideration is that a general decrease in the average shipping density of the freight



carried may be expected in the future as a result of an increasing proportion of 
packed goods.

The dependence of full load factor on the existing axle load, like so many other 
issues in the transport sector, is impossible to determine in a reliable manner owing 
to the lack of numerical data on which to base any conclusions. The data used 
here in calculating the full load factor at an axle load of 10/16 tons, which have 
been taken from the records of the 1965 loadometer studies, are obviously valid 
only for this axle load.

The same loadometer data have been used here for determining the full load 
factor at the axle load of 8/12 tons. For this axle load the full load factor amounted 
to 40.0 % and the corresponding number of fully utilized freighters was 19.4 %.

In order to estimate the full load factor at the two other axle loads dealt with 
here (12/20 and 14/24 tons), we have to state a hypothesis that seems reasonable. 
This has been done in the hypothetical relationship illustrated in fig. 3.11.

Fig. 3.11. Hypothetical relationship between number of vehicles with fully utilized axle load 
and permissible axle load.



In fig. 3.11 the axle loads (single-axle loads) are plotted along the x-axis and 
the number of fully utilized vehicles along the y-axis. (This is considered more 
suitable than direct plotting of the full load factor). The validity of the curve shown 
is supported by the following reasoning.

Only two points on the curve are actually known, i.e. the percentages of fully 
utilized vehicles at the axle loads of 8/12 and 10/16 tons (19.4 and 12.1 % 
respectively). These two values are the only factual basis for the curve, and they 
are plotted in fig. 3.11 (point B and C respectively). What guidance can be found 
from a study of the limit values to the left of point B and to the right of point C?

At very low axle loads — in fig. 3.11 the value of the lowest axle load is assumed 
to be only slightly above the axle load of an empty light vehicle —  it may be 
assumed that all freight is moved with full utilization of the axle loads. Thus, 50 % x 
of all vehicles fully utilize the axle loads (point A).

At very high axle loads, the curve should asymptotically approach the x-axis,
i.e. the number of fully utilized vehicles (and the full load factor) falls towards the 
zero mark. This applies on the assumption that the cubic capacities remain 
unaltered.

This reasoning does justify a curve of the appearance shown in fig. 3.11.
Can this curve be believed to be more probable than, for instance, a straight 

line between points A and C?
If it were assumed that all the different commodities transported on a highway 

network were classified by their shipping densities, a distribution curve of roughly 
the same appearance as that in fig. 3.11 would probably be obtained. This assertion 
is supported by an investigation conducted in the U.S.A. (20), where the shipping 
density of different commodities was found to be in fairly good accordance with 
a normal distribution. If the cubic capacity of a vehicle is fully utilized, the shipping 
density of the freight to be carried will decide the resultant axle load. It should, 
then, be feasible to substitute the axle loads along the x-axis in fig. 3.11 by their 
equivalent shipping densities. It is found that the more the axle load increases, the 
greater the number of commodities that cannot be transported with full utilization 
of the permissible axle loads. Thus the curve should have a form roughly in 
agreement with the distribution of the shipping density.

The axle loads for which the curve is of direct interest here are 12 and 14 tons 
(single-axle loads), i.e. those to the right of point C in fig. 3.11. In the following, 
this part of the curve will be discussed.

In considering this problem, some guidance is provided by the figures reported 
by Kritz (21) on distribution of the freight tonnage among different branches of 
industry and by the shipping densities of the corresponding commodities.

1 At 50 % utilization of the carrying capacity on the average.



It can be shown that when the cubic capacity utilization is high (total vehicle 
height approx. 4 metres), an axle load of 10 tons is roughly equivalent to a shipping 
density of 0.5 tons/cu.m.1 Similarly, an axle load of 14 tons can be regarded as 
equivalent to a shipping density of approx. 0.7 tons/cu.m. For the commodity 
groups dealt with by Kritz, and on the basis of the results from the American 
study, it can be concluded that approx. 50 % of all freight has a shipping density 
of more than 0.5 tons/cu.m. If the full load factor is taken as 30 % (rounded off) 
at an axle load of 10 tons, it will be found that 60 % of the freight which has a 
sufficiently high shipping density is carried on vehicles utilizing 10 tons single
axle loads.

The commodity groups with shipping densities of more than 0.5 tons/cu.m. are 
mainly products of the following branches of industry:

Forestry and Wood-processing (in part)
Metal and Engineering 
Non-metalliferous mining 
Construction 
Agriculture (in part)
Oil and Petroleum

When the permissible axle load is 14 tons, it is unlikely that transport movements 
in the forestry sector and in certain agricultural sectors can take place with fully 
utilized axle loads. This is probably also true of the oil industry, in view of the 
increase in the negative influence of the splashing effect on the stability of the 
truck which would result for a larger tank height. As a rough estimate, the pro
portion of freight with a shipping density of between 0.5 and 0.7 tons/cu.m. 
amounts to approx. 15 % of the total tonnage.

These conclusions can be utilized for the approximate calculations below.
According to table 3.9, the following figures are applicable at an axle load of 

10/16 tons:
Out of a total of 100 vehicles, 12 (rounded off) carry freight tonnages on fully 

utilized axles. We find that this tonnage will be:
12 X 19.2 =  230 tons 

where 19.2 tons is the average payload of the fully utilized freighter fleet. The total 
amount of freight carried is then 767 tons.

When the axle load is 14 tons, 15 % of the stated total tonnage cannot be 
carried on fully utilized axles, and in accordance with earlier findings 60 % thereof 
should be assigned to the fully utilized vehicles.

The amount of freight corresponding to the full load factor at an axle load of 
14 tons should thus be approximately 160 tons. Thus, the number of vehicles

1 The calculation is based on a 2-axle semitrailer with a cubic capacity of approx. 32 cu.m.



160
28

which, rounded off, gives the figure 6, where 28 is the average payload carried 
when the axle load is 14 tons. The figure 6 can be inserted in fig. 3.11.

Since the total tonnage here is the same as at an axle load of 10 tons, the full 
160

load factor will be = 20 % (rounded off).

From the curve in fig. 3.11, it may be concluded that for an axle load of 12 tons 
this factor should be approximately 25 %.

The figures resulting from these calculations are obviously to be regarded merely 
as rough estimates, but in view of the lack of factual data they are nevertheless of 
great value. With their aid, the variation of the full load factor can be illustrated 
in a fully plausible, although hypothetical, manner.

The full load factor is a quantity of importance for the entire complexity of 
questions relating to profitability and cannot be excluded from a profitability 
analysis. In the calculations dealt with in chapter 4, the full load factor is one of 
the parameters. The numerical values of the full load factor which will be applied 
in these calculations will be based on the full load factors presented here, i.e.

Axle load, tons Full load factor, %

8/12 40
10/16 30
12/20 25
14/24 20



CHAPTER 4

Profitability Analysis

4.1 Method of Calculation

In preparing a profitability analysis, it is necessary to assume that the calculation 
period is of a certain length. It is inevitable that different assumptions in this 
respect will lead to different results. As far as highway investments are concerned, 
however, reasonable figures on the service life of a road can be found within 
relatively narrow limits. According to an article in World Road News (22) by Mr. 
A. Duncan of the World Bank (IBRD), 20 years can be regarded as a rational and 
prudent maximum limit of the analysis period.

A calculation period of 20 years will be dealt with in the following analysis, but 
in order to avoid confining the analysis to one calculation period only, a period of 
30 years will also be considered.

In this chapter, therefore, one calculation will be made for a period of 20 years 
and another for a period of 30 years. The road construction period is assumed to 
be short in relation to these calculation periods. The calculations are valid for 
1 km of a highway network. The following symbols will be introduced in the 
calculation:

To =  total freight tonnage during the first year of the calculation period (Million 
tons)

Tf =  the freight tonnage carried on vehicles with fully utilized axle loads during 
the first year of the calculation period (Million tons)

Tf
tp = -----  =  full load factor at axle load p

T0

r =  — (rp + r Pi) =  full load factor in the axle-load interval 
between p and px

kp =  vehicle-operating cost at axle load p (kr/ton)

R = kp - k Pi =  road-user savings during the first year of the calculation period
when the axle load is increased from p to px (kr/M.tons)



I = m p - m p = incremental highway cost for an increase in axle load from
p to p± (kr)

j = freight traffic growth (annual growth in T 0 and T f (%)) 

i = internal rate of return (%)

n =  analysis period (years)

The effect of an increased bearing capacity can be illustrated by the following 
figure, where I  stands for the investment (the incremental highway cost) and S 
for the sum of the accumulated road-user savings during the analysis period.

We want to derive a formula for S and let K  stand for the road-user savings 
(T0 -r-R) during the first year of the analysis period.

Year 1 Year 2 Year 3 Year n- 1 Year n

K K ( l + j )  K ( l + j ) 2 K ( l + j ) n~2 K i l + j ) " - 1

If it is assumed that the freight traffic increases from the beginning of year 2 and 
that each year’s profit is available for interest yielding at the end of each year, the 
annual savings are those indicated in the sketch above. If these annual savings are 
capitalized from the beginning of year 2, the result will be:

S = K i l + O ^ + K i l + j )  ( l + 0 n-2+  . . .  + K ( l + ] ) n~2( l + i )  + K ( l + j ) n- 1,



S = K ( l + i jn-l 1 + (1 +»+ (±+jl
( l + o  ( l + o 2

+ . . .  +
( l + / f - 2 [ (1 +/')n~ 1 

( l + o "-2 ( l + o "-1

This is a geometrical series with the quotient

The sum of the accumulated road-user savings will therefore be

S = K  (1 + 0 ”

and the corresponding present value is

1+7 
1 +  i

n
-1

K
7 -  i

With the same symbols, the discounted value of the accumulated road-user savings 
will be

Obviously, a certain increase in bearing capacity is profitable if this sum is at least 
equal to the required investment. We therefore study the condition when the savings 
are equal to the investment, i.e. we study the relation:

With given values for incremental investment (/), 1st year savings (T0 r-R) and 
freight traffic growth (/), the internal rate of return (/) can be calculated and used 
as a measure of the profitability.

A calculation of this rate of return is not, however, of primary interest in the 
present context, since we are here not concerned with classifying competing projects 
in order of priority. Of greater relevance in this connection is to calculate values 
of T 0 corresponding to given values of the quantities I, R,  j, n and i.

l - i

l - i



A switch to a higher axle load is not considered to have any influence on the 
freight costs for the tonnage corresponding to the difference between T 0 and T f .

4.2 Application to Swedish Conditions

In table 2.6, the average pavement cost per km of the highway network has been 
calculated for 3 highway sections, assuming that the pavement is designed for 4 
different single-axle loads, namely 8, 10, 12 and 14 tons. The table also shows the 
differences in pavement costs between the different axle loads. These cost differences 
are called incremental highway costs and correspond to an increase in axle load 
from 8 to 10, from 10 to 12 and from 12 to 14 tons.

The average vehicle-operating costs for the corresponding axle loads are reported 
in table 3.10, which also shows analogously the decremental vehicle-operating costs 
or road-user savings which would result from an increase in the axle load from 
8/12 to 10/16, from 10/16 to 12/20 and from 12/20 to 14/24 tons.

On the basis of these cost figures, it is possible to compare the incremental high
way costs with the road-user savings and to judge the conditions on which the 
construction of highways for higher axle loads would be profitable.

From formula 4.1, T0 has been calculated for these values.
The calculations have been carried out for different values of freight traffic growth, 

rates of return and increase in axle load, and for the two calculation periods 20 
and 30 years. For each calculation period, the annual freight traffic growth (/ =  
0, 3, 6, 9 %), the rates of return (i =  0, 5, 10, 15 %), the road width (13, 9 and 
6.5 metres) and the axle-load interval (8/12 to 10/16, 10/16 to 12/20, 12/20 to 
14/24 tons) are varied.

In addition, the values of the full load factor corresponding to the axle-load 
intervals can be chosen as follows:

assuming that the full load factor varies linearly within the intervals.
The results for the 20-year calculation period are summarized in table 4.1 and 

fig. 4.1 for the 13-metre road section, in fig. 4.2 for the 9-metre section and in fig. 
4.3 for the 6.5-metre section.

Axle-load interval Full load factor, r %

8 /1 2 — 10/16
1 0 /1 6 — 12/20
1 2 /2 0 — 14/24

35
28
23



Table 4.1. Summary of values calculated from formula 4.1.
Road width 13 metres, calculation period 20 years.

Annual freight 
traffic growth

%

Increase in 
axle load

Freight tonnage required in year 
Rates of return %

1 (M tons)

from —  to 0 5 10 15

0 8— 10 0.272 0.436 0.638 0.868
0 10— 12 0.721 1.157 1.694 2.306
0 12— 14 1.213 1.946 2.849 3.878

3 8— 10 0.202 0.340 0.519 0.733
3 10— 12 0.537 0.903 1.379 1.946
3 12— 14 0.903 1.519 2.320 3.274

6 8— 10 0.148 0.260 0.414 0.608
6 10— 12 0.392 0.691 1.101 1.614
6 12— 14 0.660 1.162 1.852 2.716

9 8— 10 0.106 0.195 0.324 0.496
9 10— 12 0.281 0.518 0.860 1.317
9 12— 14 0.473 0.871 1.446 2.216

The results for the 30-year calculation period are presented analogously in table
4.2 and fig. 4.4 for the 13-metre highway section, in fig. 4.5 for the 9-metre section 
and in fig. 4.6 for the 6.5-metre section.

Each of the curves in fig. 4.1-4.6 corresponds to specific values in freight traffic 
growth (/) and axle load increase. For example: 3 % 8— 10 means 3 % annual 
increase in freight traffic growth and an increase in axle load from 8 to 10 tons.

Table 4.2. Summary of values calculated from formula 4.1.
Road width 13 metres, calculation period 30 years.

Annual freight 
traffic growth

%

Increase in 
axle load

Freight tonnage required in year 1 (M tons) 
Rates of return %

from —  to 0 5 10 15

0 8— 10 0.181 0.354 0.576 0.827
0 10— 12 0.480 0.939 1.531 2.197
0 12— 14 0.808 1.580 2.575 3.696

3 8— 10 0.114 0.248 0.442 0.677
3 10— 12 0.303 0.658 1.173 1.798
3 12— 14 0.510 1.107 1.973 3.024

6 8— 10 0.069 0.165 0.324 0.535
6 10— 12 0.183 0.439 0.860 1.421
6 12— 14 0.308 0.738 1.446 2.390

9 8— 10 0.040 0.105 0.225 0.407
9 10— 12 0.105 0.280 0.597 1.082
9 12— 14 0.177 0.471 1.005 1.820



RATES OF RETURN ( i ) , IN PERCENT 
Fig. 4.1. Formula 4.1. applied to:

i =  0, 5, 10, 15 %

/ =  0, 3, 6, 9 %

n — 20 Years

Road width = 1 3  Metres
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Fig. 4.2. Formula 4.1. applied to: 

i =  0, 5, 10, 15 %

/ =  0, 3, 6, 9 %

n — 20 Years

Road width =  9 Metres
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Fig. 4.3. Formula 4.1. applied to: 

i =  0, 5, 10, 15 %

/ =  0, 3, 6, 9 %

n — 20 Years

Road width =  6.5 Metres



Use of the diagrams.
Assume that an increase in the axle load from 10 to 12 tons is being considered, 

and that we wish to know if the investment involved is financially justifiable. Cal
culation period =  20 years. Road width = 1 3  metres.

From fig, 4.1 it is found that in order for the investment to yield a return of
5 % the initial freight tonnage T0 must amount to approx. 0.9 M tons, if the
freight traffic growth rate, /, is 3 % per year1. If a return of 15 % is wanted, the
corresponding freight tonnage will instead be approx. 1.9 M tons, etc. If the
existing freight tonnage during the first year of the analysis period is known, or can 
be foreseen, the diagram can thus be used to judge the economic justification for 
a proposed axle-load increase.

4.2.1 Comments oit Diagrams 4.1 — 4.6

1. The incremental investment (/) and the saving in vehicle-operating costs ('R-r).

Diagrams 4.1—4.6 are based on the values of I and R r which can be regarded 
as applicable to Swedish conditions in 1965.

It is evident that the value of T0 is directly dependent on the values of I  and 
R-r.

If the symbol I  alone, for example, is doubled, all other factors being constant, 
this leads to a doubling of T0. If R-r  is doubled, T0 will be halved, etc. Naturally, 
formula 4.1 must be applied to values of /  and R-r  which are relevant for the 
situation concerned.

Two general findings may be mentioned:
a. If I  and R-r  increase (or decrease) in the same proportions there will be no 
change in T0. What influences the value of T0, then, is the relationship between I 
and R-r.
b. Even if the relationship between I  and R-r  is changed, the relative position 
of the curves in the diagrams (fig. 4.1— 4.6) will be unaffected.

2. Length of calculation period (n) and freight traffic growth rate (/).

From fig, 4.1 for n — 20 and fig. 4.4 for n = 30 it will be seen how different 
values of n influence the value of T0. It is also found that the change in T0 brought 
on by different values of n is intimately related to the value of the freight traffic 
growth rate (/').

1 In formula 4.1, the freight traffic growth (/) is assumed to remain constant throughout the 
entire calculation period. The reasoning described above can, however, also be applied on the 
assumption that j has different values during the calculation period. The accumulated road- 
user savings (S) must naturally be determined with due regard to this variation. This can be 
done by splitting the calculation period up into the requisite number of sub-periods.
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Fig. 4.4. Formula 4.1. applied to:

/ =  0, 5, 10, 15 %

j =  0, 3, 6, 9 %

n — 30 Years

Road width = 1 3  Metres
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Fig. 4.5. Formula 4.1. applied to:

i =  0, 5, 10, 15 %

/ =  0, 3, 6, 9 %

n — 30 Years

Road width =  9 Metres
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i -  0, 5, 10, 15 % 
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Example:
Compare the curves (0 % 8— 10) and (9 % 8— 10) in fig. 4.1 with the corres
ponding curves in fig. 4.4 at i =  5 and i — 15 %.

At i =  5 and j =  0, T0 will be 23 % 1 higher for n =  20 than for n =  30.

At i =  5 and j = 9, T0 will be 84 % 2 higher for n — 20 than for n — 30.

At i =  15 and j =  0, T0 will be 5 % higher for n = 20 than for n =  30.

At i =  15 and j =  9, T0 will be 22 % higher for n = 20 than for n =  30.

This comparison shows that the length of the calculation period is of particular 
importance when the freight traffic growth rate is high and the rate of return is 
low (the future returns will then predominate).

It is therefore vital that forecasts on freight traffic growth are made as accurately 
as possible, when /-values are low.

4.3 How can T0 foe used?

On the basis of the given values of the quantities in formula 4.1, the calculated 
freight tonnage, T0, can be used as a criterion of whether or not an investment in 
greater bearing capacity should be made, but in practice a decision cannot be 
based on the theoretical value of T0 only. It is therefore necessary to determine 
the existing or anticipated freight tonnages on the roads concerned during the first 
year of the calculation period and to compare these with the value of T0 derived 
from formula 4.1. Only when this has been done does it become possible to inter
pret the theoretical value of T0 in a practical manner and to use this as a basis 
for judging the profitability of proposed axle-load increases.

One of the aims of this study is to obtain such a basis of judgment for Swedish 
conditions. This aim cannot, however, be reached until the distribution of the 
freight tonnage on the highway network has been studied.

No such study has been made, and we shall therefore consider this problem in 
the next chapter. As pointed out earlier, the values of T0 determined from the dia
grams in fig. 4.1— 4.6 are based on the average values of highway costs, vehicle- 
operating costs and full load factors, applicable to Swedish conditions in 1965. 
Consequently, the freight tonnage studied in the following chapter will also relate 
to 1965.

1 At i =  0 %, the increase will be approx. 50 %.
2 At i =  0 %, the increase will be approx. 160 %.



CHAPTER 5

Freight Tonnage and ton-km Data

5.1 Results from the Loadometer Studies

Basic data for a calculation of the magnitude and distribution of the freight tonnage 
are found in the results of the loadometer studies conducted by the Road Admini
stration. In this chapter, an account will be given of how these data can be utilized.

The loadometer studies began in 1962 as a complement to the traffic counts and 
have been carried out as a matter of routine ever since. The loadometer equipment 
developed at the National Swedish Road Research Institute is installed in the 
pavement at the point where weighing is to take place, and all traffic is forced to 
pass over the weighing point at low speed. An automatic record is then made of 
each vehicle and its driving direction, as well as of all axle loads exceeding 1.25 
tons. All data obtained can subsequently be processed mechanically via punched 
cards or tapes.

By taking photographs of passing vehicles and dividing these into different cate
gories, it has been possible to calculate an average tare weight for each category. 
On this basis, the vehicle payload has been determined as gross weight minus tare 
weight.

As a rule, weighing takes place during five periods per year, each period com
prising seven consecutive days. The equipment is portable, so that it can be utilized 
at several weighing points, which together form a “loadometer network”. Originally, 
this network included about 200 weighing points distributed over the entire highway 
network with its highly varied traffic volume and make-up. The loadometer equip
ment and its function are described in a report published by the Road Admini
stration (23).

In due course, the number of weighing points was cut down, since it was found 
that at some weighing points the loadometer studies could not be followed up to 
the planned extent during some years. For this and other reasons, a new, reduced 
weighing-point network has been formed, and is generally referred to as the 
90-point network. The data on loadometer studies mentioned in, for instance, the 
Road Administration’s financial allocation statement for the fiscal year 1967— 
1968 (24) are applicable to this 90-point network. Similarly, the summaries of the



results of the loadometer studies presented annually by the Road Administration 
also apply to the 90-point network.

The weighing stations (or points) included in the 90-point network are listed in 
Appendix 4, which states the station reference (county registration letter +  number 
group), highway category and number, and the name of the nearest community.

The summaries from the results of the loadometer studies include details about 
the total registered traffic, i.e. the sum of cars and trucks1, the number of registered 
trucks separately, the relative truck percentage of the total traffic as well as the 
gross weight of the trucks and the weight of the payload carried. (This latter figure 
is calculated according to a method developed at the National Swedish Road 
Research Institute (19)).

Even a very superficial study of these reports reveals that both the number of 
vehicles, cars as well as trucks, and the payload carried by the trucks vary within 
extremely wide limits, even within the same highway category (national and re
gional highways respectively). The 1965 results show that the smallest average 
daily traffic (ADT) was 120 vehicles and the smallest freight tonnage 83 tons per 
day. Both of these figures were recorded on regional highway 539 at Vitvattnet in 
the county of Norrbotten.

The highest ADT-density2 amounted to 7,873 vehicles and was recorded on 
national highway 15 at Östra Odarslöv in the county of Malmöhus. The biggest 
freight tonnage, 8,594 tons, was registered on the national main road E3 at Leks- 
berg in the county of Skaraborg.

It should be pointed out here that the 90-point network can only provide a very 
sketchy picture of the conditions on the entire Swedish highway network which 
totals 97,350 km. On the average, 1 weighing station represents more than 1,000 
km. It is nevertheless tempting to utilize results from the loadometer study as an 
indicator of the density and heaviness of the traffic on the entire highway network, 
since no better material is available. By using this information, then, the results of 
the loadometer studies can be regarded as samples of the highway network as a 
whole.

Regrettably enough, however, the data from the weighing stations are unsatis
factory for precise statistical considerations. One reason for this is that the weighing 
stations have not been chosen in accordance with statistical selection methods, and 
consequently the results do not afford a statistically acceptable random sample. The 
locations of the weighing stations have been determined in view of other considera
tions than statistical ones, one being that the station is not allowed to give rise to 
traffic disturbances. This excludes all roads in the vicinity of heavily populated

1 The group referred to as “ trucks”, which is the designation applied by the Road Admini
stration to vehicles other than private cars, also includes multi-axle combinations, buses and 
special vehicles.
2 Refers to rural highways only.



urban centres with their high traffic volumes. The results from the loadometer 
studies refer therefore only to the rural highway network.

It is obvious that the results of the loadometer studies will be highly dependent 
on the locations of the weighing stations, particularly on the Swedish road network 
with its great extent and large freight tonnage variations.

As pointed out previously, the freight tonnage moved on certain highway sections 
may amount to only a few tens of tons per day, whereas on other sections the 
figure may be a hundred times greater than this. The selection of weighing points 
is therefore a factor of great importance. It is also obvious, however, that in 
choosing between rejecting the data as being statistically unsatisfactory and the 
acceptance of them, the latter possibility must be chosen, since this material is the 
only available basis on which numerical calculation of the magnitude and distribu
tion of the freight tonnage can be made. Moreover, it is probably no more 
unreliable than, for instance, the material used so far for calculation of ton-km data, 
which has, however, been used for want of better. Most analysts dealing with 
problems relating to the transport sector find themselves similarly placed, as a lack 
of data or shortcomings in data is a frequently encountered difficulty.

The question that now arises is how the data should be dealt with and what 
method of calculation should be applied.

Since the material is statistically uncertain it would be both unnecessary and 
improper to apply too sophisticated methods. The accuracy of any calculation is 
basically determined by the quality of the data used.

There is no obvious method of calculation for our purpose. More than one 
alternative may appear acceptable, and at this point it may be interesting to de
scribe different methods in order to illustrate any differences in results which may 
emerge from different calculations. In the following, three different methods of 
calculation will be described.

The basic data for all three calculations have been found from the 90-point 
network mentioned above and are valid for the year 1965.

The primary purpose of the calculations is to determine the distribution of the 
freight tonnage on the road network, i.e. the relationship between road length and 
corresponding freight tonnage. This relationship, once established, can also be used 
to calculate the ton-km data, and consequently an account of these will also be 
included.

5.1.1 First Method

Calculation on the basis of truck percentage and payload
In the financial allocation statements submitted by the Road Administration, the 

report on the findings of the loadometer studies is usually confined to a statement 
of the following two quantities:



1. Average proportion of trucks, expressed in per cent of the total traffic.
2. Average payload, expressed in tons per truck.

It may therefore be assumed that the Road Administration regards these two 
quantities to be of great value as a measure of the extent and heaviness of freight 
transports on the Swedish highways.

Indeed, it cannot be denied that these quantities provide valuable information, 
and they can be directly utilized for the calculation with which we are now con
cerned. If these two quantities and the distribution on the road network of the total 
amount of traffic are known, it is possible to make an approximate calculation of 
both freight tonnage distribution and ton-km data. A calculation of this kind is 
both simple and unpretentious and therefore corresponds well with the basic ma
terial itself.

The method is based on the following reasoning.
The distribution of the traffic on the highway network is known (the distribution 

for the year 1963 is illustrated in fig, 5.1). Also known are the truck proportion 
and payload for each year. It is therefore convenient to use these quantities to 
distribute all registered payload among all registered vehicles. This can be done by 
first finding the product of truck proportion and payload and then multiplying the 
midpoint of each traffic group in fig, 5.1 by this product, which here is designated 
the freight coefficient. The midpoints of the traffic groups expressed in ADT are 
thereby converted to freight-group midpoints expressed in tons. The freight coef
ficient may be said to correspond to the fictitious payload in tons which would 
have to be allotted to every motor vehicle —  not only to trucks —  if all registered 
payload were to be distributed among all registered traffic. Finally, when traffic 
groups have been converted to freight groups, the distribution of the freight tonnage 
on the road network, and also the ton-km data, can be determined.

The distribution of the freight tonnage on the road network can be determined 
on the basis of the histogram in fig. 5.1. This has been drawn up by the Road 
Administration and is based on the results from the traffic counts. Counts have 
taken place at about 20,000 counting points located on roads distributed through
out the country. The point density for traffic counts is thus substantially greater 
than for loadometer studies. The counting points, however, are located primarily 
on heavy traffic roads and the density of counting points on main roads has there
fore far exceeded that on other roads. This type of distribution has been considered 
practical by the Road Administration, although it is debatable from the statis
ticians’ viewpoint, as, like the weighing points, it is not a random distribution.

The most recent traffic counts took place in 1963, and the Road Administration 
has used the results for the following purposes:

The results formed a basis for the preparation of the traffic flow map for 1963 
issued by the Road Administration (25) and were also used as a basis for cal-
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culating vehicle-km data. The vehicle-km data for 1963 have been presented in a 
report (26).

Finally, the ADT-values have been divided into groups and the share of the 
highway network corresponding to each group has been determined. By this means, 
a relationship has been established between road distance in km and ADT.

For main roads, the division into groups has been established by determining 
the ADT at each counting point and mapping out the length of highway corres
ponding to it.

The relationship between road distance and ADT for the year 1963 is shown by 
the histogram in fig. 5.1.1

In view of the fact that the traffic counting points are not randomly distributed 
— no report on the methods of the traffic count has been published — the accuracy 
of the relationship cannot be stated with precision. The results illustrated by the 
histogram must therefore be regarded as rough estimates.

Fig. 5.1 serves to illustrate the situation found in 1963, and corresponding 
results for recent years are not available. However, as the data from the loadometer 
studies to be considered here are valid for the year 1965, the relationship between 
road distance and ADT must also be applicable for the year 1965. One possible 
way in which to determine a relationship for 1965 is to start off with the 1963 
figures and to adjust these in view of the traffic growth which has occurred 
between 1963 and 1965.

It is clear that an adjustment of this kind can make no claim to reliability. The 
fact that there was a general increase in traffic between the years 1963 and 1965 
can, indeed, be established, but we do not know in detail how this growth has 
affected the distribution of the traffic within and between the groups shown in 
fig. 5.1.

Consequently, a calculated distribution for 1965 will of necessity be hypothetical, 
since it must be based on assumptions.

In order to determine the 1965 figures from those valid for 1963, it is assumed 
that the traffic groups in fig. 5.1 are displaced along the x-axis from 1963 to 1965 
by an amount corresponding to the numerical traffic growth during this period. 
This means that all group limits can be increased in pace with the traffic growth. 
According to figures included in the Road Administration’s financial allocation 
statements for 1966/1967, traffic increased at an average annual rate of 8 % for 
national roads and 7 % for regional roads during the two-year period 1963— 1965. 
In the light of this, and without dividing up the highway network into different road 
categories, the histogram in jig. 5.1 may be assumed to be valid for 1965 if all 
group limits are increased by an average of about 15 % for the two-year period

1 Note the scale used in the histogram, which gives a distorted picture of the true distribution.



1963— 1965. (As pointed out earlier, the group limits indicated in fig. 5.1 are 
applicable to the year 1963.)

In the case under consideration, the average proportion of trucks (trucks vs all 
vehicles) for the year 1965 amounted to 13.3 % and the average payload per truck 
for this year was 6.9 tons. By multiplying the midpoint (number of vehicles) within 
each ADT-group in fig. 5.1 (adjusted for the year 1965) by the product of 13.3 
and 6.9 (the freight coefficient), the corresponding average freight tonnage is found.

With the calculated values for proportion of trucks and payload per truck, the 
freight coefficient will be 0.92 tons per vehicle. This constitutes the fictitious load 
which each vehicle is assumed to represent on the average, regardless of the traffic 
group (fig. 5.1) to which it belongs.

The calculated value of the freight coefficient 0.92 (or 1 ton in round figures) 
means, that on the average the tonnage moved has the same value in tons as the 
traffic volume has in number of vehicles. On roads where only the traffic volume 
is known, this conclusion can be used as a rough estimate of the tonnage moved.

As explained above, the freight coefficient is regarded as a constant. This in
volves, in fact, an approximation, since the proportion of trucks and the average 
payload per truck are not, in reality, fully independent of the traffic volume.

It is known that the proportion of trucks is much smaller in countries with a 
large number of private cars than in countries where there are few private cars. In 
the developing countries, for instance, trucks normally account for 60—70 % of 
the total traffic.

The issue with which we are now concerned, however, is unrelated to these 
more exceptional circumstances. For us it is a matter of variations in the order of 
one or a few per cent between light and heavy traffic within one and the same 
country. It has been found that the share of trucks decreases slightly as the total 
traffic increases. At the same time, however, the average payload per truck shows 
a slight increase. These variations, therefore, cancel each other to some extent. 
The effect of this circumstance on the results of our calculation will be discussed 
further on.

The distribution of the freight tonnage and also the ton-km data can be deter
mined on the basis of the freight coefficient and the histogram in fig, 5.1 (adjusted 
for the year 1965). The results of the calculation are given in table 5.1. They are 
also illustrated in fig. 5.2, where one of the curves (curve 1) has been drawn from 
the figures listed in column 2.

This curve shows the empirical distribution for road length — freight tonnage, 
in 1965, according to the calculation method described here.

The distribution of the ton-km data on the highway network expressed in billion 
ton-km is illustrated graphically in fig. 5.3.

In both figures (fig. 5.2 and 5.3), the length of the road network has been plotted 
along the y-axis as a cumulative frequency. Plotted along the x-axis is the freight



tonnage (fig. 5.2), and the ton-km data in billion ton-km (fig. 5.3).
In the case of fig. 5.2, a certain value of y corresponds to the length of the road

network where the freight tonnage has a value of ^  x.
For the fig. 5.3, a certain value of y corresponds to the length of the road net

work where the accumulated ton-km data amount to a value of <  x.

Table 5.1. Distribution of the freight tonnage on. the road network and ton-km data in 1965 
when using the “ freight coefficient”.

ADT-groups
Road length Tons 

per day
Billion ton-km 
365 X(4) X(5)% 2 % km

(1) (2) (3) (4) (5) (6)

0—  86 13.7 13.7 13 338 40 0.19
86—  144 22.5 36.2 21 904 106 0.85

144—  288 23.5 59.7 22 877 199 1.66
288—  575 17.2 76.9 16 744 397 2.43
575—  1 150 10.2 87.1 9 930 794 2.88

1 150—  1 725 4.3 91.4 4 186 1 324 2.02
1 725—  2 300 2.4 93.8 2 336 1 852 1.58
2 300—  3 450 2.5 96.3 2 434 2 645 2.35
3 450—  4 600 1.5 97.8 1 460 3 703 1.97

4 600—  6 900 1.5 99.3 1 460 5 290 2.82
6 900—  9 200 0.4 99.7 389 7 406 1.05
9 200— 13 800 0.2 99.9 195 10 580 0.75
> 1 3  8001 0.1 100.0 97 13 800 0.49

21.04

1 Assumed midpoint value =  15 000 ADT.

5.1.2 Second Method

The simple method of calculation described in section 5.1.1 above has last year 
been presented to, among others, the Road Administration in the form of a pre
liminary report. This induced the Road Administration to carry out and publish 
an account on how ton-km data should be calculated with the aid of the results 
recorded in course of the loadometer studies (27).

The method described in the account is based on the assumption that the weighing 
points correspond to a random selection within the respective traffic groups. It is 
then possible, cit. “to apply a selection model which implies stratified selection with 
traffic groups as the strata”. The freight tonnages in the traffic groups for which 
observations are available are calculated in accordance with the model. In traffic 
groups for which observations are few or are altogether lacking, this procedure 
cannot be applied. The freight tonnages corresponding to these traffic groups have



instead been calculated by regression analysis of the relationship between freight 
tonnage and total traffic.

In a calculation of the ton-km data for 1963, it was possible to apply the 
selection model to 5 out of 11 traffic groups. These 5 groups account for the major 
part of the ton-km values. The freight tonnage in the traffic groups with an 
ADT of 0 to 250 has been determined from the regression equation for the 
ADT range of 250—750. The regression equation for the ADT range of 1,000—
4,000 has been applied within the traffic groups with an ADT of more than 4,000.

A complete analysis based on the quoted report thus requires 3 different cal
culation procedures.

If the method used by the Road Administration1 is applied to the loadometer 
data for the year 1965, the results given in table 5.2 will be obtained.

Table 5.2. Distribution of the freight tonnage on the road network and ton-km data in 1965 
when using the method applied by the Road Administration.

ADT-groups
Road length Tons 

per day
Billion ton-km 
365 X(4) X(5)% 2 % km

(1) (2) (3) (4) (5) (6)
0— 86 13.7 13.7 13 338 44 0.21

86— 144 22.5 36.2 21 904 117 0.94

144— 288 23.5 59.7 22 877 220 1.84
288— 575 17.2 76.9 16 744 367 2.24
575— 1 150 10.2 87.1 9 930 652 2.36

1 150— 1 725 4.3 91.4 4 186 1 494 2.28
1 725— 2 300 2.4 93.8 2 336 1 772 1.51
2 300— 3 450 2.5 96.3 2 434 2 766 2.46
3 450— 4 600 1.5 97.8 1 460 4 223 2.25

4 600— 6 900 1.5 99.3 1 460 5 021 2.68
6 900— 9 200 0.4 99.7 389 6 953 0.99
9 200— 13 800 0.2 99.9 195 9 851 0.70
> 1 3  8001 0.1 100.0 97 12 791 0.45

20.91

i Assumed midpoint value =  15 000 ADT.

As will be found from a study of the table, the ton-km figures according to this 
method are almost exactly the same as according to the first method described in 
section 5.1.1.

The distribution of the freight tonnage on the road network is illustrated 
graphically by curve 2 in fig. 5.2.

1 With the difference that also the traffic group with an ADT of 125— 250 is analysed by 
application of the estimation model (See 27).
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If we proceed from the assumption that the weighing points are randomly distributed 
within each traffic group — this same assumption forms the basis of the estimation 
model described in section 5.1.2 —  the following procedure may be applied.

All observations are sorted out into traffic and freight tonnage groups as 
indicated in table 5.3, in which the traffic groups are given in columns and freight 
tonnage groups in rows. Also shown in this table is the relative share of the road 
network corresponding to each traffic group (1965 figures), as well as the number 
of weighing points within each group. Any traffic group with less than 8 observa
tions has been incorporated in the nearest group, and traffic groups without any 
observations have been excluded.

Table 5.3 can be used to calculate the share of the road network corresponding 
to each freight tonnage group as the sum of the share of the road network within 
each traffic group, with due regard to the relative distribution of the observations.

The calculation results are presented in table 5.4.

Table 5.4. Distribution of freight tonnage on 84.2 % of the road network and the corres
ponding ton-km data in 1965 according to the observations given in table 5.3.

Freight groups, Road length
Billion ton-km

tons % s % km

(1) (2) (3) (4) (5)

0—  100 11.5 11.5 11 195 0.20
100—  200 21.6 33.1 (-f-13.7)21 028 1.15
200—  500 29.9 76.7 29 108 3.72
500—  1 000 10.2 86.9 9 930 2.72

1 000—  1 500 3.5 90.4 3 407 1.55
1 500—  2 000 1.8 92.2 1 752 1.12
2 000—  3 000 3.9 96.1 3 797 3.46
3 000—  4 000 0.8 96.9 779 1.00
4 000—  6 000 0.6 97.5 584 1.07
6 000—  8 000 0.2 97.7 195 0.50
8 000— 12 000 0.2 97.9 195 0.71

17.20

The result of this approach is also illustrated in fig. 5.2 (curve 3).

1 This method has been proposed by Dr T. Thedéen of the Division of Mathematics, the Royal 
Institute of Technology, Stockholm.
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Fig. 5.2. Empirical Distribution Curves for Road Length — Freight Tonnage in 1965,



Fig. 5.3. Relationship between road length in percent of the road network and ton-km data 
in 1965, expressed in billion ton-km.

5.1.4 Commentary on the Calculation Methods

It has already been established that the two methods give almost exactly the same 
results. As may be seen from the description given above of the two calculation 
methods this is no mere coincidence.

The curves in fig. 5.2 may be considered to coincide. The differences of detail 
which do exist are entirely without practical interest, but can be interesting from 
the standpoint of principle in the lower and upper parts of the curves.

In the lower part (up to approx. 150,000 tons per year or approx. 400 tons per 
day), curve 1 lies above curve 2. This may be a logical consequence of the 
approximation involved in the first of the methods described, since the freight 
coefficient there is regarded as constant for all traffic groups. For small amounts 
of traffic — as represented by the lower parts of the curves — the freight 
coefficient should be slightly higher than the average. This is directly related to 
the circumstance mentioned earlier that the proportion of trucks tends to increase 
when the total traffic decreases. In the lower part of the curves, therefore, curve 1



should lead to a slightly lower value than the probably true ton-km value. If it is 
assumed that curve 2 in the lower part of the graph is more correct than curve 1, 
it is found that this actually does occur. Since the freight tonnage in this part of 
the graph is small, the numerical difference will also be small.

In analogy with this reasoning, the reverse should occur at the upper part of the 
curves, i.e. curve 1 should lie to the right of (below) curve 2. This is also found 
to be the case. Although the difference is hardly distinguishable in the graph on 
account of the scale used, it is revealed by a comparison of the figures listed in 
the corresponding tables. Curve 1 leads to a somewhat higher ton-km value than 
curve 2 in the upper part of the curves. In this part of the graph, however, the 
road distance is very small. Consequently, the numerical difference is also small.

As regards the third method the following comments will be made.
Since observations are lacking in the smallest traffic group and in the groups 

with an ADT of more than 4,000 vehicles (for the year 1963), the freight tonnage 
cannot be determined for those groups. Consequently, the result does not cover 
the entire road network. On 15.8 % of the road network, it is impossible to 
calculate either the distribution of the freight tonnage or the ton-km data.

The accumulated share of the highway network for the two smallest freight 
tonnage groups is not univocal, and consequently nor is the initial value for curve 3 
in fig. 5.2. This has been marked in the graph by stating three initial values for the 
curve — two limit values and one probable value.

The indefinite initial value is due to the fact that the smallest traffic group has 
not been included in the calculation because no observations for this group are 
available. Consequently, it is not possible to know how the freight tonnage in this 
traffic group should be distributed.

The picture of the trend of the observations which is nevertheless afforded by 
table 5.3 does, however, provide a guideline which enables us to state that the 
freight tonnage in the smallest traffic group should be distributed among the 
smallest and the next smallest freight tonnage groups, with the major stress on the 
smallest group. Two limit values for the share of the highway network can be 
obtained. One of these is 25.2 % (the entire freight tonnage allotted to the smallest 
freight tonnage group), and the other 11.5 % (the entire freight tonnage allotted 
to the next smallest tonnage group). The probable value is somewhere in between 
these two limits — but probably closer to the former. The calculation of ton-km 
data is therefore based on this probable value.

5.2 Reliability of Calculation Methods and Results

Owing to the more or less random distribution of the weighing points, it is 
impossible to make a calculation of errors using statistical methods. The establish



ment of a confidence interval would be of small value as a measure of the accuracy 
of the results.

The reliability of the calculation methods can be roughly checked by comparing 
the three results reported above with one another. As shown by the curves in 
fig. 5.2, these results do differ slightly. If the results according to table 5.4 are 
compared with those of the corresponding traffic groups in tables 5.1 and 5.2, it 
is found that the deviation between the third method and the two other methods 
amounts to approx. 10 %.

The accuracy of the calculated ton-km data, however, should be even more 
dependent upon the weighing data themselves than on the method by which these 
data are processed and analysed.

The shortcomings with regard to selection of the weighing points have already 
been indicated. Two further sources of error should be mentioned.

The first source of error is the accuracy of weighing. If the loadometer equipment 
is impaired by systematic errors, then the calculated payload will also be erroneous. 
If, for example, the gross weight recorded is 10 % too high, the calculated payload 
will be more than 10 % too high, depending on the vehicle category concerned.

The second source of error relates to the group tare weights which are applied 
when calculating the payloads. If the group tare weights are too low throughout, 
the payloads will always be recorded too high. It is evident that too high gross 
weight recordings and too low tare weights will have a vital and detrimental effect 
on the calculated ton-km data. When coupled together, they may give rise to 
substantial errors. This, however, presupposes that the loadometer equipment is 
always negligently maintained and that the applied tare weights are too low 
throughout. It seems highly unlikely that this could be so. In view of the com
prehensive investigations which were carried out before the loadometer studies were 
started and of the expenditure devoted to the studies, there is reason to believe that 
both the weighing equipment and the evaluation of results are kept under con
tinuous and strict control.

In this chapter, three different methods of calculation have been given. The 
question as to which of the methods should be given preference is of small im
portance, since the results actually show rather good harmony. All three methods 
have been compared with regard to the magnitude of the ton-km value. This is 
found to be roughly the same according to the first and second methods, whereas 
the third method gives a result which is about 10 % higher. On the average, the 
ton-km values for the year 1965 amount to approx. 21 billion ton-km.

This figure is substantially higher than that found in the “Long-Term Investiga
tion” (2) (in Swedish), according to which the total ton-km values by truck in 1964 
amounted to 9.9 billion ton-km. It should be recalled that the figure calculated 
here, 21 billion ton-km, refers to the rural roads only.

The difference between these values is a far more interesting subject for dis



cussion than the differences caused by the use of different calculation methods. 
However, since we are here not primarily concerned with ton-km data as such, no 
further discussion of this subject will be held.

Our aim in this chapter has been to determine the relationship between road 
length and freight tonnage on the Swedish road network. This relationship is shown 
in fig. 5.2 for the year 1965. Thus a vital part of this study has been concluded.



CHAPTER 6

Final Results and Commentary

In this study a method has been described for calculating the benefits of increased 
axle loads and this method has been applied to Swedish conditions.

The method used for the profitability analysis is introduced in chapter 4, and its 
application to Swedish conditions is illustrated diagrammatically in fig. 4.1— 4.6, 
also in chapter 4. Application of the method and the guidance provided by the 
results in chapter 5, fig. 5.2, enable certain conclusions to be reached with regard 
to the benefits of increased axle loads on the Swedish highway network.

So far, each of the various factors embraced by this study has been dealt with 
in the separate chapter concerned, where the results relating to that factor have 
been presented. In this chapter, therefore, we shall confine our interest to a brief 
commentary on these results and to elucidation of the practical significance of the 
final results.

As already pointed out in chapters 2 and 3, the results reported there relate to 
such figures on pavement and vehicle-operating costs as may be considered to 
represent an average for Swedish conditions in 1965.

An attempt will now be made to determine the degree of accuracy of these 
figures.

6.1 The Accuracy of the Profitability Analysis

From chapter 4 we remember the formula:

In this section we shall try to investigate the quantities I and R  which stand for 
incremental highway cost and road-user savings respectively.

As explained in chapter 2, each of the dots in fig. 2.1 represents a small section 
of a highway. The length of the sections varies between 1 and 30 km. The design 
and constructional conditions for each such highway section vary between wide 
limits, depending on, for example, the nature of the bed material. Consequently, 
there will also be substantial variations in the costs for the different sections. If

/ ( / - 0



formula 4.1 were to be applied to the /-values of each of these sections, the 
resultant TVvalues would obviously differ widely. This finding in itself, however, 
is of no interest, since in practice an increased axle load must apply to road sections 
of relatively great length. Instead we must attempt to estimate an average value of 
I for the sum of a number of highway sections. The figures recorded in table 2.6 
for pavement costs and incremental investment (in chapter 4 called m and I 
respectively) are estimated mean values for the costs illustrated in fig, 2.1. The 
sum of the highway sections forming the basis for fig. 2.1 amounts to nearly 400 
km for each pavement width. Since the sections are located in different parts of 
the country, the /-values recorded in table 2.6 may justifiably be regarded as 
generally valid for the whole of Sweden. The TVvalues in fig. 4.1— 4.6 are based 
on these /-values.

Because of the relatively large number of highway sections represented in fig. 
2.1, the accuracy will be good in the estimated mean values of /, despite the fact 
that the estimated standard deviation for the individual sections (table 2.1) is 
considerable. The variations in the estimated mean value of I can therefore, in 
comparison with the variations in R, be neglected when judging the uncertainty 
of the T0-value recorded in fig. 4.1—4.6.

It is more difficult to judge the variations in the estimated mean value of R, 
since R  has not been derived from statistical material. Nothing is known about the 
distribution of R , but experience has shown that this factor does vary for several 
different reasons.

An attempt to estimate the maximum variation in costs for one of the vehicle 
types on which the jR-value applied here is based has been made in Proceedings 
No. 92 (in Swedish), issued by the National Swedish Road Research Institute (4).

The result of this study shows that the maximum variation may amount to 34 % 
of the average value reported there.

If it is assumed that the R -value which forms the basis for the curves in fig. 
4.1— 4.6 can vary within the same limits, i.e. by ±  34 %, a maximum TVvalue 
is obtained that is 52 % greater than those shown in the diagrams and a minimum 
value that is 25 % smaller.

It should be observed that the maximum variation of ±  34 % applied here has 
been calculated on the assumption that the “errors” in all the separate cost items 
which together form the total vehicle-operating cost are added. In concrete terms, 
this means that a high purchase price for the vehicle is combined with a high 
purchase price for tyres, heavy tyre wear, heavy oil consumption, big repair 
account, etc. This combination of cost items is obviously rather improbable in 
actual practice. If, for instance, a high purchase price is due to some extent to a 
high quality, it is more likely that the repair costs, for example, will decrease than 
that they will rise in relation to what may be regarded as normal. It is therefore



probable that the limit values chosen here, namely ±  34 %, provide a substantially 
bigger interval than is likely to be found in practice. They can nevertheless be 
suitable as limit values in the present context. The variation in T0 of + 52  % and 
-25 % respectively will be applied below in an example.

In summarizing this reasoning, particular attention may be paid to the following 
points. When applying formula 4.1, it is vital to know how accurate the calculated 
value of T0 will be. At the same time, however, it is obvious that this accuracy 
will be directly dependent on the accuracy of, among other things, the quantities 
I and R. Poor precision in calculating I and R  will result in poor accuracy of T0. 
The TVvalues in fig. 4.1—4.6 have been based on the values of I  and R  which 
are currently available or which can be estimated, but needless to say it would be 
desirable to have still better and more precise primary material, especially with 
regard to the .R-values. If both I and R  could be estimated from statistical data 
with known distributions, the variations in To could also be estimated by statistical 
methods. A systematically arranged collection and processing of primary data is 
urgently needed for further studies within the entire field of transport economics.

Until data of this kind become available, we must be content with attempting 
to make rough estimates of the errors in a more simple manner. The reasoning 
above affords an example of this.

Finally, it should be pointed out that the limit values mentioned above assume 
definite values for the full load factor r. The calculated values of rp when the 
permissible axle load is 8/12 and 10/16 tons must be regarded as a rather rough 
estimate, and the rp-values assuming an axle load of 12/20 tons and 14/24 tons 
respectively are purely hypothetical. Moreover, the relationship in fig. 5.2 cannot 
be regarded as exact, but the degree of inexactitude cannot be determined in precise 
terms. The relationship in fig. 5.2 has been determined according to three different 
methods in order to show that it is not exact, and for this reason it is illustrated 
by 3 curves. In determining the share of the road network on the ordinate axis, 
allowance must be made for the deviation of the curves.

In judging the accuracy of the calculation model and numerical values presented 
in this study, it is vital to bear in mind that in this country earlier axle-load increases 
were introduced without any prior analysis of profitability at all. There has been 
no model of analysis of profitability, nor have there been any systematic presenta
tions of the primary material processed here. Earlier axle-load increases were 
introduced when the pressure on the authorities from industrial companies and 
road haulers became sufficiently heavy. In the light of this background, the methods 
and numerical values presented here should constitute a valuable first step towards 
an assessment basis, the precision of which can be successively improved in pace 
with improved cost statistics relating to both highway construction and vehicle 
operation.



The practical significance of the results recorded in chapters 4 and 5 can be illu
strated by the following example.

From formula 4.1 in chapter 4, it is possible to calculate for chosen values of 
the quantities included in the formula the smallest freight tonnage T0 corresponding 
to the wanted profitability (assumed by the choice of /-value). For the three road 
widths dealt with in chapter 2, diagrams have been drawn in fig. 4.1—4.6 for 
calculation periods of both 20 and 30 years and for the variation of the values of 
the quantities otherwise which is indicated in the diagrams. The rates of return 
(/-values) covered by the diagrams extend from 0 to 15 %. This interval covers 
most cases encountered in practice.

If we accept the principle that the incremental investment necessary to increase 
the bearing capacity of a highway must be balanced by returns from the vehicles 
utilizing this increased capacity, it becomes possible to determine on what percentage 
of the road network a higher axle load is justifiable.

The specific results from chapters 4 and 5 can be applied in the following 
manner:

For given values of the parameters in fig. 4.1— 4.6, a certain value of T0 can 
be determined. Comparison of this value with the freight tonnage in fig. 5.2 makes 
it possible to calculate the percentage of the road network which corresponds to 
at least this value.

The relationship between this share of the road network and the chosen para
meter values is illustrated in fig. 6.1, where a) applies for an increase from 8 to 10 
tons and for a road width of 9 metres, while b) and c) apply for an increase from 
10 to 12 and from 12 to 14 tons respectively and for a road width of 13 metres1. 
For other road widths, the relationships can be illustrated in a similar manner.

From fig. 6.1, the following results, which serve as an example, can be found:
An increase in the axle load from 8 to 10 tons will be beneficial on, as an 

average, 18 % of the road network, when j = 6 %, n = 20 years and / =  10 %. 
If it is assumed that the corresponding value of T0 can vary within the limits found 
according to section 6.1 of this chapter, (between + 52  % and -25 %), then at 
least 12 % and not more than 22 % of the road network will benefit.

On this percentage of the total highway network, which accounts for about 
75 % of all freight movements, expressed in ton-km, the benefits resulting from 
the higher axle load will be substantial.

In this example we have chosen an /-value of 10 %. If we chose / =  15 instead 
of 10 %, which can be regarded as a minimum value, the corresponding share of

1 That portion of the highway network on which an increase to an axle load of more than 
10 tons can be shown to be profitable will involve the widest roads only. For these, the costs 
for the 13-m section afford a better guide value than the costs for the 9-m section.
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a) Increase from 8 to 10 tons 
Road width = 9 metres

b) Increase from 10 to 12 tons 
Road width = 13 metres
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c) Increase from 12 to 14 tons 
Road width = 13 metres

Fig. 6.1. Relationship between that percentage of the road network which would benefit by 
higher axle loads and different parameters, n =  20 years.



the road network will be 12 % and the limits 8 and 16 % respectively.
The result from this example can be compared with the situation existing today, 

when approx. 20 % of the road network has already been strengthened and opened 
up for an axle load of 10 tons. This so-called heavy network is being successively 
extended.

At the same time, demands are being made for further increases in bearing 
capacity, so that still higher axle loads can be permitted.

As mentioned earlier an increase of the legal axle load to 13 tons is under 
discussion. Therefore it is here of special interest to investigate the effects of in
creasing the axle load from 10 to 12 and 14 tons.

For the same values of the parameters as in the above example, it is found from 
fig. 6.1 b) that for i — 10 % the share of the road network, on the average, will 
be 4 %, the minimum and maximum limit figures being 2 % and 6 % respectively 
for an increase from 10 to 12 tons.

For i =  15 % the corresponding values amount to 1— 3 %, the average value 
being 2 %.

When it comes to assessing the profitability of a still further increase, from 12 
to 14 tons, it is found from fig. 6.1 c) that an increase to this level will be beneficial 
only on a negligible portion of the road network.

As pointed out earlier, the tonnages presented in fig, 5.2 are based on data for 
the year 1965. Obviously, data for other years can be analysed in a similar way as 
presented in chapter 5. If graphs similar to that in fig, 5.2 are drawn up, for 
instance every fifth year, the authorities would be able to follow up the freight 
traffic growth continuously, which would be valuable as a basis for making 
decisions.

It should be kept in mind that some of the values in fig. 6.1 (where j is high) 
correspond to very large freight tonnages and thus to a bigger TVvalue than can, 
according to the reasoning in chapter 2, be regarded as constituting a basis for the 
highway-cost values applied here. In such cases, it is feasible that the Swedish 
design standards lead to insufficient bearing capacity and thus to underestimation 
of the costs for pavement construction. In the cases mentioned, this may mean that 
the percentage of the road network in fig. 6.1 will be too high.

Furthermore, the widest highway section dealt with in this study is 13 metres. 
For the n- and /-values chosen in the examples above, this section is not adequate 
to higher TVvalues than about 1.5 million tons. Still higher TVvalues require 
wider highways than 13 metres, which naturally will result in higher pavement 
cost. Therefore the capacity of the highway section dealt with must be taken into 
account in every specific case and compared with the TVvalue obtained.

It is also to be noted that the percentage of the road network, which can be found 
in fig. 6.1, does not necessarily correspond to a continuous part of the road net
work. In practice it may therefore be necessary to extend an increase in axle loads



to some unprofitable parts of the road network, including weak bridges etc., in order 
to get two or more profitable parts connected. Obviously, this is a question of 
balance between returns expected and investments to be made and it can, in the 
specific cases concerned, be penetrated along the same principal lines as have 
been presented earlier in this study.

As previously pointed out, the results here are to be regarded merely as general 
guidance and should be interpreted with due regard to the particular circumstances 
prevailing in each specific case.

Judging from the considerations outlined in the above, it is obvious that an 
improvement of the entire road network to a bearing capacity which would allow 
an axle load of 10 tons would not be sufficiently profitable on the greater part of 
the Swedish road network. An increase over and above this, for instance to 13 tons, 
must be regarded as out of the question within the foreseeable future, as such an 
increase would be equivalent to subsidizing the highway freight transportation. The 
primary reason for this is the relatively small freight tonnages which are still 
characteristic of the Swedish roads.



Summary

In nearly all countries today, roads are designed and constructed for higher axle 
loads than before. Higher axle loads make it possible to use heavier road-haulage 
vehicles, which give better transport economy than light units.

Consequently, the reason for increasing the axle loads is to reduce the costs of 
transportation.

In many countries an increase in the legal axle loads is under discussion. An 
increase to 13 tons is being considered in Sweden, although 10 tons has not yet 
been generally adopted as a maximum permissible axle load.

An improvement of the bearing capacity standard throughout a highway network 
requires very heavy investments, and it is therefore natural to raise the question, 
whether an increase in axle load is profitable at all, and in what way its profitability 
can be calculated. So far, it has not been possible to answer this question. No 
methods for such calculations were available, and no comprehensive inventory has 
been made of all those factors which must be taken into account in this connection 
in order to afford a realistic basis for estimates.

Two of these factors are constituted by the incremental investment on the 
highway side which is required for an increase in axle load, and by the reduction 
in cost (benefit) on the vehicle operation side which is made possible by the 
utilization of higher axle loads. Two other factors which are frequently overlooked 
in this context are the total freight tonnage moved on the roads and the percentage 
of this tonnage which is to be moved by vehicles whose axle loads are utilized to 
the full.

Accordingly, in order for the axle-load problem to be viewed in its entirety, it 
is necessary that an increase in axle load can be evaluated by means of an integrated 
calculation which takes into consideration the increase in the road cost, the reduc
tion in the vehicle-operation cost, and the freight tonnage to be transported. The 
benefit to be expected on the vehicle operation side can then be compared with 
the calculated expenses on the highway side.

How such a calculation can be carried out is described in this study. The method 
of this calculation is based on the thesis that the accumulated savings due to the 
decrease in costs for vehicles operating at increased axle loads shall balance the 
corresponding incremental highway cost at the chosen rate of return.



From these calculations it can be concluded that the freight tonnage moved 
must be of a certain magnitude in order for the increase in axle load to be justifiable 
from an economic point of view.

This conclusion has been applied to Swedish conditions. Calculations have been 
made of those highway costs and vehicle-operating costs which can be assumed to 
correspond to the average costs in 1965. The term highway cost is used in this 
thesis to designate the cost of the pavement alone, i.e. surfacing, base and subbase, 
with allowances made for bridge construction costs.

The term vehicle-operating cost is used to designate the sum of all costs 
involved in the purchase and in the operation of the road vehicles in question 
except road-user taxes. Furthermore, the freight tonnage moved and its distribution 
on the Swedish road network in 1965 have been analysed from data available 
from loadometer studies. As a part of this analysis a factor, here called full load 
factor, has been determined. The full load factor is that percentage of the tonnage 
which is moved on vehicles with fully utilized axle loads. Only these vehicles are 
assumed to be able to benefit from a switch to higher axle loads.

The freight tonnage necessary to justify an increase in axle load has been 
calculated for different values of freight traffic growth, rates of return and increase 
in axle loads and for two calculation periods, 20 and 30 years. The results are 
summarized in fig. 4.1—4.6.

By comparing these theoretical values of required freight tonnage with the 
existing freight tonnages on the road network during the first year of the calculation 
period, which in this context is 1965, it has been possible to determine on what 
share of the road network an increase is justifiable. These shares can be read from 
curves drawn in fig, 6.1. As an example, it may be mentioned that for an annual 
freight traffic growth of 6 %, a rate of return of 15 % and a calculation period of 
20 years, an increase in axle load from 8 to 10 tons on a 9 m-highway section 
corresponds to about 12 % of the road network. An increase from 10 to 12 tons 
on a 13 m-highway section corresponds to about 2 % and from 12 to 14 tons to 
an even smaller part of the entire road network.



104 D i s t r ib u t io n  o f  a l l  weighed a x le s  among a x le - lo a d  groups according to the 1965 loadometer s tu d ie s

1 2 3 4 5 6 7 8 . 9 10 11 12 13 14 15

Road-
c a te -
gory

No. o f  s i n g l e  a x le s  with  a load of

(and in  per cent of  t o t a l  No. of  
a x le s )

No. of  tandem a x le s  with  a load o f  

(and in  per cent o f  t o t a l  No. o f  a x le s )

T otal  
No. of  
s i n g l e  
a x le s

Tota l  
No . of  
tandem 
a x le s

Sum of  
column

No. o f  
trucks  
t h e reo f  
with

<5 5-6 7-8 9-10 >10 tons <11 11-12 13-14 15-16 >16 (2-11)
tandem 
a x l e (%)

1 109,992
39.1

68,788
24 .4

29,996
10.6

19,012
6 .8

11,009
3 .9

16,764
6 .0

5,886
2 .1

7,315
2 .6

6 ,443  
2 .3

6,229  
2 .2

238,797
84.8

42,637  
15 .2

281,434
100.0

91,663  
40-45 %

2 314,545
45 .3

159,027  
22 .9

65,630
9 .5

44,524
6 .4

31,495
4 .5

25,158
3 .6

9,108
1 .3

12,660
1.8

13,025
1.9

19,216
2 .8

615,221
88.6

79,167
11.4

694,388
100.0

251,243  
25-30 %

3 82,330
50.2

37,850  
23 .1

12,979
7.9

8 ,860
5 .4

6 ,630
4 .0

4 ,400
2 .7

1 ,600
1 .0

2,536
1 .5

2 ,780
1 .7

4,147
2 .5

148,649
90.6

15,463
9 .4

164,112
100.0

64,735  
17-20 %

4 41,684
54 .4

15,591
2 0 .4

5,628  
7 .3

4,078
5 .3

3,729
4.9

1,913
2 .5

531
0.7

731
1.0

975
1 .3

1,722
2 .2

70,710
92 .3

5,872  
7 .7

76,582
100.0

30,469  
17-20 %

1-4 548,551
4 5 .1

281,256
23 .1

114,233
9 .4

76,474
6 .3

52,863
4 .3

48,235
4 .0

17,125
1 .4

23,242
1.9

23,223  
1.9

31,314
2 .6

1 ,073 ,377
88 .2

143,139
11.8

1 ,216 ,516
100 .0

438,110

1 = National main roads
included i n  the European 
highway system (E-roads)

2 = N ational  main roads 
(R-roads)

3 = Primary r e g io n a l  roads 4 = Secondary r e g io n a l  roads
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Truck t r a f f i c  in  1965 according to the loadometer s tu d ie s  

No. o f  tru ck s ,  gross w eight  and payload

Road category Type o f  truck No. of  
trucks

% Gross w eigh t , Payload Average gross  
x^eight per truck

Average pay
load per truck1000 tons% 100 tons %

A ll  roads 2 -a x le 217,296 49.6 1,761 25 .4 5 ,083 14.9 8 .1 2 .3

3 - a x le 68,217 15.6 1,045 15.1 5,286 15.5 15.3 7.7

4 - a x le 70,272 16 .0 1,402 20 .2 6,682 19.6 2 0 .0 9 .5

5 - a x le 59,391 13.6 1,854 26 .8 11,424 33.6 31.2 19.2

> 5 -a x le 22,934 5 .2 869 12.5 5,555 16.4 37 .9 24.2

93 w eighing p o in ts  
311 weighing periods Tota l 438,110 100.0 6,931 100.0 34,030 100.0 15.8 7 .8

O
U \
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Road category Type of  truck No. of  
trucks

% Gross w e ig h t , Payload Average gross  
weight per truck

Average payload  
per truck1000 tons % 100 tons %

National  main roads, 2 - a x le 33 ,970 37.1 278 16.6 802 9 .6 8 .2 2 .4
category  E 3 -a x le 11,973 13.1 183 10.9 899 10.6 15 .3 7 .5

4 - a x le 18,729 20 .4 383 22 .9 1,828 21 .6 20 .4 9 .8
5 - a x le 17,998 19.6 520 31 .0 3,033 35.9 28 .9 16.9

> 5 -a x le 8 ,993 9 .8 312 18.6 1,884 22 .3 34.7 20.9
7 weighing p o in ts
28 weighing periods Total 91,663 100.0 1,676 100.0 8,446 100.0 18 .3 9 .2

National main roads, 2 - a x le 125,490 5 0 .0 1,005 25 .3 2,836 14 .4 8 .0 2 .3
ca tegory  R 3 -a x le 39,476 15.7 603 15.2 3,030 15.4 15 .3 7 .7

4 -a x le 41,153 16.4 820 20.6 3,919 2 0 .0 19.9 9 .5
5 - a x le 33,779 13.4 1,094 27 .5 6,872 35 .0 32.4 20 .3

> 5-ax le 11,345 4 .5 453 11.4 2 ,981 15.2 39.9 26 .3
46 weighing p o in ts
153 weighing periods Total 251,243 100.0 3,975 100 .0 19,638 100 .0 15.8 7 .8

T o ta l ,  roads of
c a te g o r ie s  E and R 2 - a x le 159,460 46 .5 1,283 22 .7 3,638 12.9 8 .0 2 .3

3 -a x le 51,449 15 .0 786 13.9 3,929 14 .0 15 .3 7 .6
4 - a x le 59,882 17.5 1,203 21 .3 5,747 20.5 20.1 9 .6
5 - a x le 51,777 15.1 1 ,614 28 .6 9,905 35.3 31.2 19.1

>5-axle 20,338 5.9 765 13.5 4,865 17.3 37.6 23 .9
53 weighing p o in ts
181 weighing periods Tota l 342,906 100.0 5,651 100.0 28,084 100.0 16.5 8 .2



Road category Type of  truck No. of % Gross w eight , Payload Average gross Average payload
trucks 1000 tons % 100 tons % weight per truck per truck

Primary re g io n a l 2 -a x le 39,831 61.5 325 36.6 953 23.2 8 .2 2 .4
roads 3 - ax le 9,873 15.3 151 17 .0 773 18.8 15.3 7.8

4 - ax le 7 ,460 11.5 144 16.2 660 16 .0 19.3 8 .8
5 -a x le 5 ,573 8 .6 186 20.9 1,180 28.7 33.4 21.2

> 5 -a x le 1,998 3.1 83 9 .3 550 13.3 41 .5 27.5
27 weighing p o in ts  
81 weighing periods Total 64,735 100 .0 889 100.0 4,116 100.0 13.7 6 .4

Secondary re g io n a l 2 -a x le 18,005 59 .1 153 39.1 492 26.9 8 .5 2 .7
roads 3 -a x le 6,895 22 .6 108 27.6 584 31.9 15 .7 8 .5

4 -a x le 2 ,930 9 .6 55 14 .1 275 15.0 18.8 9 .4
5- a x le 2 ,041 6 .7 54 13.8 339 18 .5 26.5 16.6

> 5- a x l e 598 2 .0 21 5 .4 140 7.7 35.1 23 .4
13 weighing points  
49 weighing periods Total 30,469 100.0 391 100.0 1,830 100.0 12.8 6 .0

T ota l ,  a l l  reg io n a l 2 -a x le 57,836 60.8 478 37.3 1,445 24 .3 8 .3 2 .5
roads 3 - a x le 16,768 17 .6 259 20.2 1,357 22.8 15.4 8 .1

4 - a x le 10,390 10.9 199 15.6 935 15.7 19.2 9 .0
5- a x l e 7,614 8 .0 240 18.8 1,519 25 .6 31 .5 20 .0

> 5 -a x le 2,596 2 .7 104 8 .1 690 11.6 40 .1 26.-6
40 weighing p o in ts  
130 weighing periods T otal 95,204 100.0 1,280 100.0 5,946 100.0 13.4 6.2

oo



Distribution of truck traffic by gross weight according to the 1965 loadometer studies

Road category Type of 
vehicle

No. of vehicles by gross weight Total No. 
of vehicles

<5 6-10 11-15 16-20 21-30 31-40 > 40

All roads 2-axle 47,182 118,571 43,695 7,566 282 0 0 217,296
21.7 54.6 20.1 3.5 0.1 100.0

3-axle 5,529 11,407 18,848 14,897 16,871 665 0 68,217
8.1 16.7 27.6 21.8 24.8 1.0 100.0

4-axle 1,449 4,599 19,738 18,509 15,063 9,567 1,347 70,272
2.1 6.6 28.1 26.3 21.4 13.6 1.9 100.0

5-axle 113 983 2,753 8,179 14,810 20,368 12,185 59,391
0.2 1.7 4.6 13.8 24.9 34.3 20.5 100.0

>5-axle 18 289 606 1,350 4,442 5,905 10,324 22,934
0.1 1.3 2.6 5.9 19 .4 25.7 45.0 100.0

Total 54,291 135,849 85,640 50,501 51,468 36,505 23,856 438,110
12.4 31.0 19.6 11.5 11.8 8.3 5.4 100.0
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Road ca teg o ry Type o f  
v e h ic l e

No . o f  v e h ic le s  by g ro ss  w eig h t T o ta l No. 
o f
v e h ic le s

^ 5 6-10 11-15 16-20 21-30 31-40 > 40

N a tio n a l main ro a d s, 2 -a x le 7 ,2 5 0 18 ,235 7 ,399 1 ,0 4 0 46 0 0 33 ,9 7 0
c a teg o ry  E 2 1 .3 5 3 .7 2 1 .8 3 .1 0 .1 1 0 0 .0

3 -a x le 818 1 ,846 3 ,4 8 4 3 ,048 2 ,7 0 6 71 0 1 1 ,973
6 .8 1 5 .4 2 9 .1 2 5 .5 2 2 .6 0 .6 1 0 0 .0

4 -a x le 221 1 ,3 5 4 5 ,1 0 3 4 ,081 4 ,8 6 4 2 ,8 6 3 243 18,729
1 .2 7 .2 2 7 .2 2 1 .8 2 6 .0 1 5 .3 1 .3 10 0 .0

5 -a x le 36 454 1 ,203 2 ,6 1 8 5 ,2 8 1 6 ,1 1 4 2 ,2 9 2 17 ,998
0 .2 2 .5 6 .7 14 .6 2 9 .3 3 4 .0 1 2 .7 1 0 0 .0

> 5 -a x le 1 154 398 679 2 ,0 6 5 2 ,6 1 4 3 ,0 8 2 8 ,9 9 3
0 .1 1 .7 4 .4 7 .5 2 3 .0 2 9 .1 3 4 .2 1 0 0 .0

7 w e ig h in g  p o in ts
28 w eigh in g  p er io d s T o ta l 8 ,3 2 6 2 2 ,0 4 3 17 ,587 11 ,466 14 ,962 11 ,662 5 ,617 9 1 ,6 6 3

9 .1 2 4 .1 19 .2 1 2 .5 1 6 .3 1 2 .7 6 .1 1 0 0 .0

N a tio n a l main ro a d s, 2 -a x le 28 ,926 67 ,355 2 5 ,0 1 0 4 ,064 155 0 0 12 5 ,4 9 0
ca teg o ry  R 2 3 .1 5 3 .7 19 .9 3 .2 0 .1 10 0 .0

3 -a x le 3 ,1 1 4 6 ,778 1 1 ,0 1 6 8 ,4 5 5 9 ,7 2 4 389 0 39 ,476
7 .9 1 7 .2 2 7 .9 2 1 .4 2 4 .6 1 .0 1 0 0 .0

4 -a x le 811 2 ,3 6 3 11,477 11 ,881 8 ,3 0 7 5 ,469 845 41 ,1 5 3
2 .0 5 .6 2 7 .9 2 8 .9 2 0 .2 1 3 .3 2 .1 1 0 0 .0

5 - a x le 40 290 1 ,1 5 7 4 ,3 9 0 8 ,0 7 0 11 ,772 8 ,0 6 0 33 ,779
0 .1 0 .9 3 .4 1 3 .0 2 3 .9 3 4 .9 2 3 .8 1 00 .0

> 5 -a x le 12 74 158 527 1 ,9 8 8 2 ,7 2 7 5 ,8 5 9 1 1 ,345
0 .1 0 .7 1 .4 4 .7 1 7 .5 2 4 .0 5 1 .6 100 .0

46 w eigh in g  p o in ts
153 w e ig h in g  p er io d s T o ta l 3 2 ,903 7 6 ,8 4 0 48 ,818 2 9 ,3 1 7 2 8 ,2 4 4 2 0 ,357 14 ,764 2 51 ,243

1 3 .1 3 0 .6 1 9 .4 1 1 .7 1 1 .2 8 .1 5 .9 1 0 0 .0



110 Road ca teg o ry Type o f  
v e h ic le

No . o f  v e h ic le s  by g ro ss  w eig h t T o ta l N o. 
o f v e h ic le s£ 5 6 -10 11-15 16-20 21-30 31-40 > 40

Primary r e g io n a l 2 -a x le 7 ,756 2 3 ,1 6 0 7 ,299 1 ,585 31 0 0 39 ,831
roads 1 9 .5 5 8 .1 1 8 .3 4 .0 0 .1 100 .0

3 -a x le 1 ,0 4 2 1 ,467 2 ,6 0 5 2 ,2 0 2 2 ,4 8 1 76 0 9 ,8 7 3
1 0 .6 1 4 .8 2 6 .4 2 2 .3 2 5 .1 0 .8 10 0 .0

4 -a x le 270 453 2 ,3 7 8 1 ,942 1 ,3 8 4 884 149 7 ,4 6 0
3 .6 6 .1 31 .9 2 6 .0 1 8 .6 1 1 .8 2 .0 1 0 0 .0

5 -a x le 4 53 196 755 1 ,053 2 ,0 3 5 1 ,477 5 ,5 7 3
0 .1 1 .0 3 .5 1 3 .5 18 .9 3 6 .5 2 6 .5 1 0 0 .0

> 5 -a x le 2 18 29 62 287 480 1 ,1 2 0 1 ,998
0 .1 0 .9 1 .5 3 .1 1 4 .4 2 4 .0 5 6 .0 1 0 0 .0

27 w eig h in g  p o in ts
81 w eig h in g  p er io d s T o ta l 9 ,0 7 4 2 5 ,1 5 1 12 ,507 6 ,5 4 6 5 ,2 3 6 3 ,475 2 ,7 4 6 64 ,735

1 4 .1 3 8 .8 1 9 .3 1 0 .1 8 .1 5 .4 4 .2 1 0 0 .0

Secondary r e g io n a l 2 -a x le 3 ,2 5 0 9 ,8 4 1 3 ,987 877 50 0 0 18 ,005
roads 1 8 .1 5 4 .6 2 2 .1 4 .9 0 .3 1 0 0 .0

3 -a x le 555 1 ,3 1 6 1 ,7 4 3 1 ,192 1 ,9 6 0 129 0 6 ,8 9 5
8 .0 1 9 .1 2 5 .3 1 7 .3 2 8 .4 1 .9 1 0 0 .0

4 -a x le 147 429 780 605 508 351 110 2 ,9 3 0
5 .0 1 4 .6 2 6 .6 2 0 .7 1 7 .3 1 2 .0 3 .8 100 .0

5 -a x le 33 186 197 416 406 447 356 2 ,0 4 1
1 .6 9 .1 9 .7 2 0 .4 19 .9 2 1 .9 1 7 .4 100 .0

> 5 -a x le 3 43 21 82 102 84 263 598
0 .5 7 .2 3 .5 1 3 .7 1 7 .1 1 4 .0 4 4 .0 1 0 0 .0

13 w eigh in g  p o in ts
49 w eigh in g  p er io d s T o ta l 3 ,988 11,815 6 ,7 2 8 3 ,172 3 ,026 1 ,011 729 30,469

1 3 .1 3 8 .8 2 2 .1 1 0 .4 9 .9 3 .3 2 .4 1 0 0 .0



Appendix 4

Point Road N o . Place Point Road No. Place

C 11 R 70 Jädra S 11 E 18 Nys ät er
12 R 55 Spelbo 12 Lp 524 H a 11anda
13 R 55 Herrvesta P 41 R 45 Åmål

D 11 E 4 Svärta S 21 Lp 174 Jössefors
12 R 58 Stigtomta 22 Lp 175 Dottevik
13 L 222 Bönsta 23 R 61 Klevan

E 21 R 50 Motala X 11 R 80 Sälgsjön
22 R 36 Ruda 12 R 68 Torsåker
23 Lp 211 Ers torp 13 Lp 272 Trösken

F 11 E 4 Toftanäs Y 31 Lp 331 Nordantjäl
12 R 26 Värnamo 32 L 345 Nässjö
13 R 27 Värnamo 33 L 969 Stavra spåsen

F 21 R 26 Skeppshult Z 31 E 75 Dvärsätt
22 Lp 155 Smålands s tenar 32 Lp 321 Mattmar
23 Lp 153 Skeppshult 33 L 340 Nordannälden

H 31 R 34 Storebro AC 21 R 90 Norrstrand
32 Lp 129 Lönneberga 22 R 90 Kullerbacka
33 R 33 Djurstorp 23 L 557 Borrströmsmyren

M  21 R 15 Ö OdarslÖv BD 11 R 90 Korsträsk
22 L 104 Örtofta 12 R 90 Krokträsk
23 R 17 Res lov 13 R 96 Kölsberg

0 11 E 6 Rabbalshede BD 21 Lp 343 Kläppen
12 L 165 Skulestad 22 Lp 371 Långträsk
13 L 953 Fossum 23 R 95 Heleneborg

R 51 E 3 Leksberg
52 R 48 Rörsås
53 R 64 Hasslerör

B 11 R 76 B loka S 51 Lp 234 Osebol
12 Lp 282 Edsbro 52 Lp 235 StÖllet
13 L 1113 Västerbacken 53 Lp 235 Lindmon

G 21 R 30 Bramstorp T 31 R 60 Nya vägen
22 R 30 Erikslund 32 L 233 Kopparberg
23 R 23 Solhaga 33 R 63 B jö rs a rv

L 11 R 14 Lyngsjö Y 11 E 18 Valskog
12 R 21 Nygård 12 Lp 249 Arboga
13 R 14 Färlöv 13 Lp 250 Köping



Point Road N o . Place

L 21 R  23 N Mellby
22 Lp 117 Vankiva
23 R  24 Finja

P 11 R  41 Viskafors
12 Lp 154 Aplared
13 Lp 180 Sandhult

P 21 R  45 Raddetorp
22 R 45 Bjurhem
23 R  44 Ryr

R 21 Lp 186 St Levene
22 R 44 Rodinsberg
23 L 590 Smedtofta

S 41 R 63 Bolhyttan
42 R  63 Skösselviken
43 R 64 Asphyttan

E = National main roads
included in the European 
highway system

R  = National main roads

1^= Primary regional roads

L - Secondary regional roads

Point Road No. Place

U 31 Lp 254 Skärsjö
32 Lp 272 Bjurvalla
33 Lp 874 Östervåla

Z 21 Lp 341 Edefors
22 L 341 Hammerdal
23 R  88 Bye

AC 11 Lp 353 Nyby
12 R  92 Bjurholm
13 L 539 Strömåker



Definitions of frequently used Terms

The definitions of the terms used in this study do not claim to have authoritative 
backing.

AASHO =  American Association of State Highway Officials

ADT =  Average Daily Traffic

Axle (load) =  Number of axle loads passing a pavement section
application

CBR =  California Bearing Ratio

Coefficient of =  Payload versus cargo-carrying capacity
utilization

Freight coefficient =  The product of the average truck percentage (truck
proportion in per cent of the total traffic) and the 
average payload of the trucks

(Freight) tonnage =  All payloads accumulated

Full load factor =  The tonnage moved by fully utilized vehicles versus the
tonnage moved by all vehicles

Fully utilized =  Vehicles utilizing the legal axle load to the full (not only
vehicles their cubic capacities)

(Loaded) gross weight =  The total weight of a vehicle (tare weight plus payload)

Pavement =  The whole structure overlying the subgrade consisting
of surfacing, base and subbase

Payload =  The weight of the freight (cargo) being transported

Payload factor =  Payload versus loaded gross weight

PSI =  Present Serviceability Index, a term representing the
momentary ability of a pavement to serve traffic.
(See 13 in References)



Single axle =  An axle that is not part of a tandem axle unit

Structural number (D t) =  Thickness index, modified to pavements serving under
practical conditions. (See 7 in References)

Tandem axle =  An axle unit consisting of two individual axles
approximately 1.3 metre apart

Tare weight =  The weight of an empty vehicle (without cargo, but
ready for operation)

Terminal costs =  Costs for loading and unloading

Thickness index (D) =  A linear combination of pavement components (flexible
pavements) that expresses pavement design as a single 
number. (See 13 in References)

Ton-km =  The product of the payload (in tons) and the distance
(in km) that the payload is moved

Transport costs =  All capital and running costs including taxes and
terminal costs

Truck =  A single unit equipped with a single (2-axle truck) or
tandem axle (3-axle truck). When generally used, as in 
chapter 5, the term truck refers to any type of freight 
vehicle

Vehicle-operating =  All capital and running costs except taxes and terminal
costs costs
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