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ABSTRACT

MEASURE OF BENEFITS FROM A TOLL ROAD FAC IT. ITY CASE STUDY : THE
TSITSIKAMMA TOLL ROAD

Tills project report examines the effects of toll on ttave! behaviour in 
an effort to predict the effect of alternative toll pricing policies on 
the toll revenue collected. The fundamental problem of transportation 
planning is to predict the behaviour of consumers faced with a parti­
cular choice set of travel opportunities, if the response of consumers 
can be predicted then the impact of alternative policies can be assessed 
and the best policy selected.

Since travel behaviour Is influenced by many factors the report 
endeavours to identify and obtain direct measurement of all factors 
concerned before concentrating on the sole effects of toll. The methods 
used in the report include field tests for obtaining information on 
travel costs, traffic surveys for establishing trip patterns and a 
roadside interview for ascertaining traffic behaviour. All work was 
carried out on South Africa's only toll road, the Tsitsikamma Toll Road 
in the Eastern Cape Province.
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PREFACE

One of the most controversial areis of traffic management is toll 
systems. On the one hand it in d- ..ivible to obtain income for highway 
construction and maintenance, particularly if a section of highway has 
been specifically commissioned to reduce journey distances. On the 
other hand, it is suggested that toll sysems cause economic benefit to 
be lost, are disruptive to traffic flow and are a continual cause of 
annoyance and expense.

Having been involved in studies relating to the feasibility of several 
potential toll roads in South Africa, I have witnessed many times the 
arguments for and against tolls and have concluded that no general 
agreement on whether these systems should, or should not be introduced, 
will ever be reached. What is known however, is that South Africa's 
first toll road does now exist and will continue to exist for many years 
to come. Bearing this in mind, the following report has been compiled, 
not with the objective of providing arguments for or against toll 
systems, but rather with the objective of providing quantitative 
evidence from the Tsitsikamma Toll i(oad on how traffic hri.a' lo^r is 
being effected by the toll. In addition, since the objective of the 
present toll structure is to maximise revenue, the report assesses 
whether this objective has been obtained. By persuing this approach it 
is hoped that when future toll roads are introduced in South Africa, 
with objectives similar to those of the Tsitsikamma Toll Road, the 
information gathered for this report will enable these objectives to be 
more readily attained.
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1.0 INTRODUCTION

In view of the political sensitivity of increasing the fuel price 
the National Transport Commission embarked on a policy of introdu­
cing toll roads into South Africa. As a result, South Africa's 
first toll road in recent times, the Tsitsikamma Toll Road, was 
officially opened to traffic on 8 June 1984.

From a financing point of view the NTC saw the significance of 
revenue from tolls, not as an additional source of annual revenue, 
but as access to the capital loan market where the annual revenue 
could be used to repay capital market loans. These additional 
loans could then be used to extend the resources of the National 
Read Fund and hopefully lead to the construction of economically 
viable road projects whose construction would have otherwise been 
deferred.

Since the objective of toll roads in South Africa was to overcome 
the problem of insufficient funds, particular attention was given, 
in the project feasibility stage, to the amount of revenue obtain­
able from the toll road introduced. It was obvious that the 
financial success of the project was dependent on the annual income 
from the toll revenue and as such the toll rate should be set at 
the level which achieved maximum or near maximum revenue. Overseas 
studies Y ... concluded that there was a relationship between the 
usage Oi . te toll road, the toll rate charged and the perceived 
saving in the cost of travel offered by the toll road over the 
alternative route and that this relationship could be used to 
identify the toll rate which achieves the maximum revenue. With no 
toll facility existing in South Africa at the time of the project 
feasibility stage, it was difficult however to assess the validity 
of this relationship in the South African context. The recent 
opening of the Tsitsikamma Toll Road and the presence of an alter­
native road for traffic along its complete length, does now 
however, provide this opportunity.



The main objective cf the following report is therefore to examine, 
and obtain field measurements at the Tsitsikamma Toll Road of the 
parameters involved in the decision making process of whether or 
not to travel via the toll road, to examine these results in an 
effort to derive a relationship between road usage, toll rate and 
the perceived cost of travel and hence to identify the toll rates 
which achieve the maximum revenue. In addition, in order to obtain 
a better understanding of the principles involved when considering 
the introduction of a toll facility, the report summarises some 
general findings from toll road studies overseas, a brief 
explanation of the reasons for introducing toll roads into South 
Africa is also included.
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2.0 THE NATURE OF TOLL ROADS

The following section outlines the objectives of toll systems 
overseas and also explains the circumstances which resulted in 
these systems being introduced into South Africa.

2. 1 Overseas Experience

The concept of lew Jug tolls on users of highways is not a new 
one. The Assyrians are known to have constructed one of the 
earliest toll roads from Syria to Babylon^, and in Britain 
toll roads date back to the middle ages, when rich landowners 
realised that they could charge travellers for the privelege 
of taking a short cut across their land. Even in those days, 
time was money.

In 1977, the International Road Federation (IRF - Geneva) and
the Swedish Road Federation (SRF) conducted a joint survey of2)countries using toll systems . Of the questionnaires recei­
ved back eleven European and ten non-European countries 
acknowledged using these systems. In addition, it was found 
that toll roads satisfy diverse traffic needs, they can be 
incorporated into major traffic systems carrying over a 
hundred thousand vehicles per day, or, they can form part of 
secondary or tertiary systems with a few hundred vehicles per 
day. Road authorities using toll systems can either be fede­
ral, state, regional or communal, depending on legal 
structure.

The main objectives of overseas toll systems can be summarised 
under three headings:

(a) Financing of the projects capital cost

Toll systems may be employed in cases where there is a 
lack of sufficient capital from the normal revenue

I



sources. In France, Italy, Spain and Portugal for 
example, the governments road authorities planned 
national freeway networks, but realised that in order to 
complete the projects at the earliest possible date, 
loans and tolls would have to be used. While it is 
agreed that tolls do provide one solution to the lack of 
funds problem, many engineers dislike their use, 
preferring to obtain the necessary funds from an 
increased fuel levy. It is beneficial therefore to 
examine in greater detail why these conflicting views 
exist.

There is a consensus of opinion among engineers and other 
transport experts on the criterion for the improvemein. of 
almost all rural and inter-urban roads^. This is the 
reduction in cost - both to the road authority and the 
vehicle operator. Congestion in road capacity is almost 
never used to justify road investment, except perhaps in 
urban areas where traffic is very dense, although to 
reduce congestion may b'-- an objective when introducing 
toll, this toll objective will however be discussed under 
a separate heading. The almost universal justification 
for roads in rural areas where traffic is relatively 
light, is the reduction in operating and maintenance 
costa, counterbalancing the additional fixed cost. By 
proposing that a rural road should be tolled it can be 
argued that this reduces the justification for the road 
since a portion of savings in operating and maintenance 
costs will not be realised am some drivers divert to 
alternative routes. The introduction of a toll road 
which is not congested is seen as an inefficient means of 
raising finance as it results not only in traffic 
diverting off the uncongested road but also incurs a
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significant increase in project cost due to the installa­
tion of the toll facility. This argument therefore con­
cludes that if there is a case for the rural tollway 
there is usually an even better case for a rural freeway.

The opponents of this view argue that insufficient funds 
are. available from the normal revenue sources, such as 
fuel tax, licence fees etc. and as such certain viable 
projects must be delayed. If it is politically 
unacceptable for the Government to increase the fuel levy 
or increase licence fees then other forms of finance must 
be proposed. Although there is an aware-.ess of the lost 
savings as a result of the toll facility, it is concluded 
that the attainment of the major portion rf the saving as 
opposed to no saving at all is preferabl ..

(b) Congestion

The concept that community benefits accrue by increasing 
the charges imposed for the use of congested facilities, 
whilst familiar to the economist, is not intuitively 
obvious. It would therefore appear beneficial to

4)attempt, in very simple terms, to establish this point .

Basic to the economic analysis, are the concepts of 
journey cost and benefit. Journey costs are made up of 
four parts, namely, private journey costs, congestion 
costs, road maintenance t o its and environmental costs, 
however, as the cost of road maintenance in terms of cost 
per vehicle-kilometre is small compared with the other 
components and as environmental costs are as yet not 
capable of being reliably quantified, for simplicity, 
only the first two components will be considered.



Private journey costs sub-divide into two elements. The 
first is the vehicle operating cost Including fuel, 
maintenance, depreciation etc. and may be expressed as a 
cost per vehicle-kilometre. The second element consists 
of those costs that vary with journey speed and mainly 
arise from the cost of individual's travel time. The 
congestion cost is the aggreate of those costs imposed by 
road users on each other, mainly in terms of extra delay. 
Congestion costs arise only where vehicles interact so 
slowing one another down. On the simplified speed/flow 
relationship shown in Figure 1 this interaction would 
begin at point A where speeds cease to be independent of 
flow.

Turning now to a definition of benefit. The benefit a 
road use: obtains from a particular journey is the price 
that he would be prepared to pay in order to make the 
journey. In other words if the price charged for making 
the trip was gradually increased, then the point would be 
reached at which the trip maker would decide not to go, 
or to go by another mode of transport or at another time. 
This critical price would br his own subjective 
assessment of the worth of hi; journey as compared w.th 
the other calls upon his finance, and is thus equal to 
the benefit he would enjoy from making the journey. It 
follows that the cost actually incurred is equal or less 
than this benefit, so that he enjoys a net benefit equal 
to the difference between what he actually pays and what 
he is prepared to pay. This is termed by economists as 
the consumer surplus.



Private journey costs sub-divide into two elements. The 
first is the vehicle operating cost including fuel, 
maintenance, depreciation etc. and may be expressed as a 
cost per vehicle-kilometre. The second element consists 
of those costs that vary with journey speed and mainly 
arise from the cost of individual's travel time. The 
congestion cost is the aggreate of those costs imposed by 
road users on each other, mainly in terms of extra delay. 
Congestion costs arise only where vehicles interact so 
slowing one another down. On the simplified speed/flow 
relationship shown in Figure 1 this interaction would 
begin at point A where speeds cease to be independent of 
flow.

Turning now to a definition of benefit. The benefit a 
road user obtains from a particular journey is tf e price 
that he would be prepared to pay in order to make the 
journey. In other words if the price charged for making 
the trip was gradually increased, then the point would be 
reached at which the trip maker would decide not to go, 
or to go by another mode of transport or at another time. 
This critical price would be his own subjective 
assessment of the worth of his journey as compared with 
the other calls upon his finance, and is thus equal to 
the benefit he would enjoy from making the Journey. It 
follows that the cost actually incurred is equal or less 
than this benefit, so that he enjoys a net benefit equal 
to the difference between what he actually pays and what 
he is prepared to pay. This is termed by economists as 
the consumer surplus.



Speed 30 
(km/h)

20

T

10

\
JLX.

500 1000 1500 2000
qA Flow (veh/h)

2500

FIGURE 1

STYLISED SPEED/FLOW RELATIONSHIP

Returning to Figure 1, It can be seen that at flows in 
excess of nA the effect on adding an additional vehicle 
Lo the traffic stream is to reduce the speed of all 
vehicles thus increasing the cost of all journeys. The 
marginal effect of the additional vehicle can therefore 
be derived and used to obtain the marginal cost figure 
per additional vehicle. Comparing this with the 
expression for private costs (refer Figure 2) it can be 
seen that the marginal cost curve is at all values in 
excess of qA, greater than the private cost curve. The 
difference between the two curves is in fact the conges­
tion cost component.
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THE BENEFIT OF CHARGING

A pricing mechanism whereby the cost a road user has to 
pay, is more closely related to the total costs including 
the congestion component i.e. the marginal cost 
previously defined, would ensure that those road users 
that valued their trips highly would use the road, whilst 
those who did not were deferred. It is also important to 
note that as traffic flows increase the benefits of the 
individual road users decrease, this relationship being 
illustrated on Figure 2 by the demand curve superimposed 
on the private and marginal cost curves. There exists 
therefore a case to ’’toll off" traffic which in general 
is deriving a reduced benefit, with the aim of achieving 
a lower traffic volume with a much higher benefit and 
hence an overall increase in total benefit.

From the above it can be concluded that a case can be 
mad f for toll roads where the cbjtctive is to relieve 
congestion, however, as toll roads necessitate limited 
access roads their appllrai. n in this respect is



limited. It is of course possible that in the not toe 
distant future automatic computerised methods of charging 
will be introduced, in such a case this toll concept 
could prove very attractive.

(c) Equitable Road Charging

In this process the objective is to establish toll rates 
for different vehicle classes which reflect the damage 
caused by these different vehicle classes.

There exists grounds for believing that certain road 
users, notably the road hauliers, do not pay their fair 
share of infrastructure costs. Motorcycles and heavy 
goods vehicles may both be direct users of a road 
facility, however, it is obvious that the total cost of 
the facility should not be shared equally between them.
Toll rates can therefore be used to minimise the
inequalities and remove the cross subsidisation between 
one vehicle class and another.

Toll Roads In South Africa

In South Africa the motivation for investigating the feasi­
bility of toll roads stemmed from concern by the Department of 
Transport over the amount of money being spent in the road 
sector^. During the ten year period ending in 1976, the
construction of National Roads was given a relatively high 
priority by the Government and many kilometres of highway were 
built during that time. During the period 1976 to 1983 there 
took place however, a continuous erosion in the real value of 
the National Road Fund (NRF), as the increases in the fuel 
levy became inadequate to compensate for the high inflation 
rate experienced during this period. The oil crisis and 
consequent fuel saving measures as well as a drop in fuel
sales helped to worsen the situation. Although an extra
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0,7 cents/litre from fuel sales was allocated to the NRF 
during the 1983/84 financial vear, this allocation was fixed 
for the next five years. ue can therefore expect this 
adJitional revenue to be eroded by inflation and should this 
allocation be reduced or cancelled at the end of the five 
years, the results will be nothing short of disastrous.

As a result of the Governments reluctance to increase the fuel 
price and hence increase the allocation to the NRF the 
National Transport Commission (NIC), in an effort to obtain
additional revenue, declared Its intention to open toll roads
at selected sites * e country.

Although the question of toll roads was and still is highly
controversial with critics pointing to the high costs of
collection and the lost benefit of the facility, as a result 
of some users preferring not to use the road due to the toll 
levy, the first toll project was opened in June 1984. Further 
toll roads can be expected in the near future, for in the 
interim it would appear the choice prescncud to the NTC is 
either "toll roads or no roads".



METHOD OF APPROACH

The following section proposes a method which examines and quanti­
fies the parameters involved in th™ decision making process of 
whether or not to travel via the toll road. An understanding of 
these parameters is essential if the objective of maximising 
revenue and loan potential is to be realised. Detailed information 
from overseas studies on aspects related to this method is also 
included. The results from the proposed method are presented and 
discussed in later sections of this report, in an effort to assess 
its performance.

3.1 The Effects of Toll on Road Usage

Before proposing a method which enables a relationship between 
road usage and toll rate to be derived, it is essential to 
understand the importance of this relationship in determining 
the financial viability of the project.

The financial viability of any toll project is dependent upon 
the toll revenue and hence the size of loan which can be
supported by that toll revenue. The toll revenue is in turn,
the product of the traffic volume on the toll road and the 
toll rate levied for each vehicle class. The calculation of 
the toll revenue is however not so simple, since the
application of tolls will cause some drive's to divert and use 
alternative routes. The extent of this diversion will depend 
on the toll rate charged. In a zero toll situation the
traffic will be at a maximum, as tolls are introduced some
drivers, for whom the perceived cost of travel in less than
the toll will divert to the alternative routes. As tolls are 
further increased more and more drivers will find the benefits 
of using the toll road outweighed by the cost of the toll, to
the point finally where the toll is so prohibitive that the
traffic volume will in theory fall to zero^\



There are many theories relating to the reason for drivers 
choosing between competing routes, and the problem of 
modelling traffic assignment must be resolved in all highway 
feasibility studies, whether or not they incorporate toll 
collection schemes^.

The simplest assignment models derive the route which 
minimises a particular travel parameter and then assigns all 
or some of the traffic between a particular pair of origins 
and destinations to that route. The three most commonly used 
travel parameters are time, distance and cost. In inter-urban 
and regional traffic studies assignments based on minimum 
Journey time have been found to give a good correlation with 
observed travel behaviour. Distance based assignments are 
found to oversimplify peoples perception of travel costs and 
are not often used: they are insensitive to different
standards of highway design and capacity. The use of journey 
cost or generalised cost is an attempt to combine time and 
distance costs and is particularly suitable for assignments 
between routes which incorporate tolls.

The 'costs' which arc used in the assignment process are often 
referred to as the 'perceived* or 'behavioural* costs, since 
they are the costs which are as to affect the decision
making process of the trip mal They are subjective and
different from economic costs which represent the real 
resources consumed in travel and transport and which are of 
principal concern to government rather than the trip maker. 
Generally accepted research findings have shown that people 
base their decisions on an imperfect understanding of the true 
costs involved and that they generally under-estimate the 
running costs of vehicles; for instance, depreciation and 
interest costs arc rarely considered by the private motorist. 
An example of the way in which perceived costs can be calcu­
lated is:
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Vehicle Class Perceived Cost

Car Fuel and in-vehicle travel time 
Fare plus in-vehicle travel time 
Financial cost of travel

Buses and taxis
Goods Vehicles

Research has also indicated that the valuation of travel time 
varies according to the type and standard of road. Trip 
makers tend to place a higher value on time savings for 
journeys that involve travel on a major highway as opposed to 
a minor road. Tn the case of a journey using a toll roa ’ the 
toll would of course also be included in the cost of the 
journey.

Once journey costs between the various origins and destina­
tions by the alternative routes have been calculated the 
journeys are assigned to the various competing routes. The 
initial process usually adopted is to undertake an 'all or 
nothing* assignment which assigns all the journeys between 
each origin and destination to one route, but this is 
generally considered to be unrealistic where alternative 
routes are close in their respective journey costs. The 
multi-route assignment method is designed to overcome the 
shortcomings of the all or nothing method and assumes that 
drivers have an imperfect knowledge of the cost ot using each 
link: a randomisation technique selects a link cost from a 
range of values distributed around a mean value. The method 
is designed principally for use in urban areas and is not 
usually applied in rural areas, instead, the well tried 
diversion curve method is extensively used.

3.2 The Diversion Curve

A serins of empiric diversion curves have been developed from 
observations of driver behaviour in the United States of 
America and have been based on time, distance and cost^. As



previously explained these curves are based on the assumption 
that the proportion of traffic using the new toll road is 
related to the toll rate charged and the perceived saving in 
the cost of travel offered by the toll road over alternative 
routes. An example of such a diversion is as follows:

I

where:

P is the proportion of traffic using the new toll road,
t is the toll rate charged,
p is the perceived saving in travelling cost of the new

toll road over the alternative route/s, and 
n is an integer in the range 6-12.

The above diversion curve is shown graphically in Figure 3.

Work undertaken in Malaysia in 1972 confirmed that the curve 
is generally applicable to Malaysian conditions, however, 
little fundamental research has been carried out to confirm 
the basis of this method and the degree to which the assumed 
perceived costs of travel generally reflect the individual's 
perceptions of their travel costs.

A modified approach to the above curve is sometimes adopted by
In thissubstituting the ratio Cj/C for the ratio t/ .P

case Cj represents the perceived cost of travel on the toll 
road including toll and the perceived cost of travel on the 
alternative route. There is however, no evidence to suggest 
that this approach is more accurate in determining the 
diversion rates for traffic under alternative levels of tolls.



di.. .uthods produce the same results at the mid-point of the 
standard curve, that is when perceived costs on the new toll 
road and alternative road are equal or when the toll is equal 
to the perceived saving.

The same diversion curve is applied in studies on French toll
8)roads whtro the formula is usually expressed as :

Cj and Cg are as previously defined, and
Tj and are the traffic volumes on the toll road and the 
alternative road respectively.

In Japan a set ot diversion curves have been developed from
practical observations on different toll facilities. The
curves are available for cars, light goods vehicles and heavy

9)goods vehicles and are expressed in general by the formula :

IIT2

where:

P K
1 + * (T/_)P•J

where:

P - rate of diversion or more precisely the percentage 
usage

K • upper diversion percentage (K <  1)
T ■ toll/time saving
S - shift co-efficient

oLand p are constants.
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It is interesting to note that with this formula the usage of
the to]I facility is expressed as a function of the toll/time
saving and that only travel time and not travel cost appears 
in the analysis. However, it is not clear how the graph is 
applied, for example, if the toll rate is zero the usage of 
the road is not 100%. It should also be noted that the 
formula is based on Japanese perception of time and as such is 
probably not applicable to the South African situation.

The importance of the diversion curve lies in its ability to 
identify the toll rate which achieves the maximum revenue. 
Since the objective of toll roads in South Africa, including 
the Tsitsikai na Toll Road, is to provide an additional revenue 
source, there is. an obvious need to obtain such a curve which 
is applicable to the particular toll road introduced and/or 
South African toll roads in general.

In order to identify the toll rate which achieves the maximum 
revenue the diversion curve is analysed in the following 
manner, let us assume that the curve is of the following form:

P - 1
1 + ( % )  "

where P ant. n are as previously defined and the integer n has 
a value of 6.

The total revenue R is equal to the proportion of traffic on 
the toll road multiplied by the toll rate.

R - Pt

.*• R " t
1 + ('/,) *

A
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to maximise the revenue dR
dt

dR
dt

1 - 5 (Vp)6

[- > ( ' v 4]'2

0,765 at n ■ 6

The toll rate which achieves the maximum revenue therefore 
equals 0,765 of the perceived saving. The curve showing the 
relationship between the total revenue and the toll rate/per­
ceived saving is shown in Figure 4.



TOLL RATE /PERCIEVED SAVING )
2,0

TRAFFIC DIVERSION CURVE

FIGURE 3



i ' :l

Ui

in
teo*

■4 > "4---k

19 -

91
30

R =
t J2(f)

1»( X )r ?

0,5
J 1---1-- 1-- 4— —t--1—  ♦ |

1,0
 --- 1---I---1

1.5 2 JO

TOLL RATE /  PERCIEVED BENEFIT ( £ )

OPTIMUM TOLL RATE

FIGURE I

A. a s



I
I

— 20 —

3.3 The Proposed Method

In order to obtain information on two of the parameters invol­
ved in the diversion curve relationship, namely, road usage 
and perceived travel cost and to determine the effects of the 
third parameters, toll rate, the following methods were 
proposed.

(a) Road Usage

It was obvious that to obtain information on the traffic 
using the new toll road and the alternative route, 
traffic surveys would be required. Existing traffic 
information was also identified and used where 
appropriate, however, it was evident that this 
information, by itself, was insufficient for the needs of 
the study. As road usage is dependent on many variables, 
e.g. trip purpose, trip frequency. origin and destina­
tion, etc., as well as the toll rate charged, it was 
concluded that the surveys should also be used to 
establish these variables. In addition, as the opening 
of the Tsltsikamma Toll Roau on 8 June 1984 offered the 
opportunity of conducting traffic surveys before and 
after the opening of this facility, it was concluded 
worthwhile to use this opportunity for the purposes of 
determining possible traffic generation as a result of 
the introduction of the new toll road. For this reason 
the traffic counting surveys were implemented in May 1984 
and August 1984.

(b) The Perceived Cost of Travel

In the project feasibility stage of the Tsltsikamma Toll 
Road the travelling costs and/or the perceived travelling 
costs incurred on the new toll road and the alternative 
road were derived by applying the RODES 2 computer



programme . The components of the travelling costs 
calculated by this programme are fuel, time, oil, tyres, 
accidents, vehicle depreciation and maintenance. In 
calculating these costs the programme takes into account 
horizontal and vertical alignment, stop signs, traffic 
volumes and speed limits. The horizontal and vertical 
alignment was obtained from the "photo-logger" of the 
National Institute of Transport and Road Research (NITRR) 
while for the new toll road this information was obtained 
from the detail design drawings.

Although from past experience the results from the 
RODES 2 programme have proved reliable, certain disad­
vantages were encountered with this method. These can be 
briefly summarised as follows:

(1) The ..icle classification system used at the 
Tsitslkamma Toll Road (refer to Figure 5) does not 
directly correspond to that used by the <10DES 2 
programme. In order to derive the travelling costs 
of vehicles in terms of the toll classification 
system Interpolation is required.

(11) The results from the RODES 2 programme for the 8 ton 
and 25 ton heavy vehicle are used to determine the 
travelling costs of the Class 2 and Clu<s 4 vehicles 
of the toll classification system. There is 
evidence to suggest that these two vehicles are not 
representative of all vehicles contained within 
these two toll vehicle classes.
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VEHICLE TYPE CLASSIFICATION

CLASS 1

M O T O R C Y C L E S

CARS WITH SHORT W H E E L B A S E

CARS WITH MEDIUM SIZE W H E E L B A S E

CARS WITH LONG W H EE L B A S E

CARS WITH SINGLE A X L E  TRAILER

CARS WITH TWO A X L E S  TRAILER

TRUCKS OR UTILITY ' CLES WITH 
TWO AXLES AND S I N . _ _  WHEELS to— C - E S i

S M A L L  B USES
r a

CLASS 2
TRUCKS WITH TWO A X L E S  AND TWIN WHEELS

LARGE B U S E S | i i u n i \ 3 |

CLASS 3 TRUCKS WITH THREE AXLES

CLASS 4 TRUCKS WITH MORE THAN THREE A X L E S

^

FIGURE 5



(ill) By defining a heavy vehicle in terms of mass on'y 
e.g. 25 ton, it was difficult to assess to what 
particular heavy vehicle the results apply, for 
instance a 25 ton heavy vehicle could be a 10 ton 
unladen vehicle with a 15 ton payload or a 15 ton 
unladen vehicle with a 10 ton payload. In practice 
one would expect i substantial difference in 
operating costs for these different vehicle types.

(iv) The RODEC 2 programme cannot calculate the operating 
costs of heavy vehicles for the unloaded and loaded 
cases. Again one would expect a substantial 
difference operating costs for these two curves.

(v) It has bee difficult for the officials of the 
Department of Transport to assure the public at 
largi that the operating costs derived by the 
RODEb programme correctly reflect the actual costs 
incurred. The public in general do not understand 
how these costs have been derived and are generally 
suspicious of computer programmes which calculate 
the costs they personally experience.

In view of the above, it was thought benefical to 
investigate an alternative nethod which could be used to 
establish the required parameters. This alternative 
method would be of great value if it was capable of being 
understood by the public at large and if it could verify 
the results previously obtained.

It was concluded that one obvious method was to undertake 
field tests where the two major components of the 
perceived cost of travel, namely, the fuel and time 
costs, could b. ecorded for various vehicles on both the 
toll road and the alternative road. It was known that



the NITRR was currently expanding the scope of the
Traffic Engineering Logger (TEL) so that it could be used
in such areas of work and as such the NITRR were
contacted in this regard.

The T.E.L.*^ which was developed at the NITRR, was
initially intended to record arrival time, speed, length 
and type of vehicle travelling over a set of loops 
embedded in the road surface, With ♦his stage of the 
development successfully completed it was evident that 
the instrument had a grent potential for the retrieval of 
various other traffic data. The small dimensions and low 
cost of the equipment make it well suited for in-vehicle 
use, where it can be used to monitor and obtain data 
relating to the trip being undertaken. In this case the 
TEL equipment is placed next to the driver of the vehicle
and connected through a four channel input to transducers
which accurately measure the fuel consumption, time 
taken, speed attained, distance travelled and riding 
quality of the road. By using this equipment in road
tests on both the alternative road and the new toll road, 
the savings in fuel and time and comparisons of speed and 
rideability can be attained. This accurate knowledge, on 
the ma^or components of travel cost, can then be
supplemented with information,from the NITRR and/or the 
Public Carriers Association, on the other costs involved 
in travel, such as, oil, tyre, maintenance, depreciation 
and accident costs which may or may not be, depending on 
vehicle type, involved in the perceived travel cost. 
(The components of the perceived travel cost per vehicle 
type will be discussed later in this section.)

After discussions with representatives of the NITRR, 
permission was obtained to use the TEL equipment at the 
Tsitsikamma Toll Road, howeve*- the use of this equipment 
was restricted to a passenger vehicle only, namely, the

4
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test vehicle of the NITRR. Since heavy vehicles could 
only be obtained through hiring and as such were not the 
property ot either the DOT or the NITRR the required 
modifications to these vehicles, which are necessary when 
installing the TEL equipment, could not be mr^e. In 
order to derive a complete set of results from the field 
tests it was decided to establish fuel and time 
measurements for the heavy vehicles by more conventional 
methods. Travel times were recorded by stop watch and 
fuel consumptions by "topping up the tank", all 
refuelling of the heavy vehicles being undertaken at the 
same location. Although the topping up method may appear 
somewhat lacking, it was noted that with the length of 
travel involved the heavy vehicles would consume in the 
order of twenty to seventy litres of fuel per run, 
depending on the vehicle and route used. An error in 
measurement, of say, one litre would therefore only
induce a maximum error of 5%. In addition, in order to
verify the accuracy of the "topping up" method. It was 
proposed that this method also be used with the NITRR 
test vehicle and a second passenger car, in this way 
comparisons could be made.

Having decided on how to obtain values for the major
components of the travel cost the next step was to decide
which types of heavy vehicle should be involved in the

121field tests. It was noted that Freeman when choosing 
five heavy vehicles to represent the full spectrum of 
heavy vehicle usage in South Africa, adopted the
following:

(i) 4 x 2 Rigid Truck, Gross Mass (loaded) 14,2 tons
(ii) 6 x 4 Rigid Truck, Gross Mass (loaded) 22,4 tons

(iti) 4 axle nrtic, Gross Mass (loaded) ■ 32,7 tons
(iv) 5 axle nrtic, Gross Mass (loaded) * 39,0 tons
(v) 7 axle artic, Gross Mass (loaded) 49,0 tons

__ * —



In selecting the above It was the Intention to cover the 
main vehicle classes within the heavy vehicle category 
and the range of gross weights up to 50 tons. Other 
possibilities were rejected because they were not 
significant or because it was extremely difficult with 
existing data to allocate costs successfully. As the 
heavy vehicle category Is highly sensitive to axle 
configuration, the more popular types of heavy vehicles, 
in terms of past vehicle sales were chosen.

By examining the above vehicles in terms of the toll 
classification system at the Tsitsikamoa Toll Road it was 
concluded that (i) and (11) represent Class 2 and Class 3 
respectively and hence the use of these vehicles in the 
field tests was proposed. (At a later stage the field 
tests for the Class 3 vehicle were cancelled for 
financial reasons.) The vehicles in (ill), (iv) and (v) 
were all however defined by the Class 4 classification, 
so in order to select one of these three vehicles the. 
vehicle sales for each of the three were examined. This 
examination revealed that nearly 50% of the combined 
sales of the three vehicles were for the 5 axle artlc. 
As a result this vehicle was selected as representative 
of Class 4 and was consequently used in the field tests.

The above proposals enable the individual costs involved 
in the travel cost to be determined, they do not however 
identify which costs are involved in the perceived travel 
cost. In the project feasibility stage of the Tsltsi- 
karnma Toll Road the perceived travel cost was defined in 
terms of the fuel and time cost only. The fuel cost used 
was self-explanatory in that this was the number of 
litres consumed multiplied by the price paid per litre at 
the "pump", however the time cost used needs further 
explanation as this varied per vehicle type.
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The objective when undertaking a journey by passenger 
vehiclo is the convey the occupants of that vehicle to a 
predetermined destination, the time co.ts incurred on the 
trip are therefore related to ttv costs of the occupants 
tiv ̂ . When undertaking a journey involving a goods 
vehicle however, the objective of the trip is to convey 
the goods to a pre-determined destination, one could 
therefore presume a time cost related to the goods being 
carried, in addition to time costs for the operating 
staff of the goods vehicle. The time cost related to the 
goods carried, alternatively termed the productivity 
cost, would result from the earlier arrival of the goods 
at their destination and hence the opportunity for the 
vehicle concerned to undertake an additional trip else­
where. Thin additional trip can therefore be used to 
derive income. This opportunity to derive income is 
important in that the income can be used to offset the 
fixed or standing cost of the vehicle; a cost which is 
very obvious to the owner of the goods vehicle and which 
is incurred whether the vehicle is in operation or not. 
In the feasibility stage the time cost was therefore 
assumec to equal the fixed or standing cost incurred for 
heavy vehicles, while for passenger vehicles the time 
cost related to the occupants time only. This approach 
resulted in the following rates:

Vehicle Class_______Class 1 Class 2 Class 3 Class 4
Time cost/h R 4,00 R 8,00 R17.20 R26.80

The above approach appears logical when discussing cost 
savings resulting from the saving of several hours of 
time, however, when related to small increments of time 
it is dubious whether such an approach is valid. A 
reduced travel time of several minutes or even one hour 
(which may be the case for the heaviest goods vehicle 
when comparing alternative routes at the Tsitsikamma Toll



Road) can hardly provide the opportunity to undertake
additional revenue earning trips and hence no time cost 
saving for the goods vehicle should be assumed, however, 
on the assumption that the driver of the vehicle is paid 
on a hourly basis, an argument for the inclusion of time
related costs for the driver, and any other on vehicle
staff, could be made. It is acknowledged that the owners 
of goods vehicles are more readily aware of the costs of 
travel than car owners and with this in mind, the 
following approach for determining the components of the 
perceived travel cost is preferred for this study.

From the literature search undertaken, it is obvious that 
for passenger vehicles the components of the perceived 
cost of travel are the fuel and oil cost and the 
occupants time cost. Since the oil cost is negibible 
this cost approximates to the cost of fuel and time only. 
This approach is identical to that used in the project 
feasibility stage and is also adopted for this study.
For heavy vesicles, the definition of the perceived cost 
of travel is based on the assumption that the owner is 
aware of all the costs incurred, for this reason it is 
defined as the financial cost of travel. The need is 
therefore to identify the financial costs which are 
involved in the decision making process of whether tc 
travel via the toll road or the alternative road. This 
process concludes that these costs are in fact solely the 
full operating costs plus the cost of the drivers and any 
other on-vehicle staff time. The fixed cost which Is 
comprised of costs such as licence fees, depreciation, 
insurance, interest on capital, etc. does not influence 
route choice and should therefore not be included in the 
perceived cost of travel and hence toll rate determina­
tion. The components of the perceived travel cost used 
in this study can therefore be summarised as follows:
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Class 1
Class 2, 3 & 4

Fuel cost and occupants time cost 
Fuel, oil, tyre and variable mainte­
nance cost and occupants time cost

(c) Toll Rate

Since it is not possible to vary the toll rates at the 
plaza, the reaction of drivers to different toll rates 
must be assessed by means of a roadside interview. The 
first decision to be made was therefore where the inter­
view should take place. The siting of the interview 
station was of ccurse dependent on the geometries of the 
road concerned, however, what had been established 
initially was whether the interview should take place on 
the toll road itself and/or on the alternative road.

It was concluded that during the interview the diiver 
should f asked if he/she will travel on the toll road at 
a specific toll rate and then have the question repeated 
for different toll rates. This method was preferred to 
the method where the driver was simply asked at what toll 
rate he/she would decide to use or decide not to use the 
toll road, the question being phrased depending on which 
road the interview was being undertaken. Although the 
initial approach was preferred it was in proposing that 
the interview be conducted in either of the above methods 
that the advantage of having the interview on the 
alternative road became apparent, for the following 
reason.

In conducting the interview on the toll road the drivers 
reaction to higher toll rates, than those presently 
levied at the Tsitsikamma must be assessed. In answering 
any question aimed at establishing this reaction, it was 
evident that it was in the drivers interest to keep the 
value of his/her answer as low as possible, as there
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would be suspicion that the toll rates were to be 
increased. Previous studies * have encountered this 
problem where it has been difficult to interpret the 
respondents stated intentions to reflect their actual 
actions. If che roadside interview was carried out on 
the alternative road with the question structured ar, 
recommended and asked in order of decreasing toll rates 
e.g. Rl,20 then R1,00 etc., then the driver would not 
believe that the object of the interview waa to introduce 
a lower toll rate.

In addition to proposing that the roadside interview be 
conducted on the alternative road it was evident that 
various other factors influencing road usage would have 
to be assessed. These factors were identified as 
follows:

Trip Origin and Destination. It was reasoned that a 
high percentage of local traffic would continue to 
use the alternative road for reasons related to 
convenience rather than because the new rood was 
tolled, it was therefore necessary to identify both 
local and through traffic movements.

Trip Purpose. Since a large porportion of the 
perceived benefit of the toll road is comprised of 
time savings it was necessary to distinguish between 
work trips and pleasure trips. The value of time 
for these two trip types being significantly 
different.

Trip Frequency. Preference for use of the toll road 
or the alternative road could be dependent on trip 
frequency. For example, persons visiting the area 
for the first time may have a desire to view the

i



passes along the alternative road while on the 
contrary, persons involved in daily trips may have 
the desire only to choose the quickest route.

Other Reasons for not Using the Toll Road. It is 
widely known that the passes on the alternative road 
have great scenic beauty. A driver undertaking a 
work trip for example, could therefore still show a 
preference for using the alternative road. Not all 
work trips, especially if they are return trips, are 
time dependent.

The eifect on the above factors on road usage was 
considered vitally important since it should be 
remembered that the objective of th^ u Jy was to assess 
traffic diversion with respect '" toll. If this 
diversion was derived by simply i i paring the ratio of 
the total traffic on the alter: ■ tve road to the total 
traffic on both the alternative road end the toll road, 
the results obtained woulo not achieve this objective. A 
portion of the traffic on the alternative road could be 
using this road for any of the reasons listed above and 
not for reasons associated with the toll, in other words, 
this traffic would not have used the toll road even if no 
toll existed. Identification of the factors list.u above 
was therefore necessary to obtain the correct ratio 
required, which is:

Through Traffic on Toll Road (at t-o) - Through Traffic on Toll Road (at t ■ t)
Through Traffic on Toll Road (at t - o )

where t - the toll rate imposed.



For the toll rate presently employed at the Tsltslkatnma 
the above ratio could be determined with the aid of the 
information gathered at the roadside interview. In 
addition the drivers T action to "he lower toll rates
would also be used to tv i.emine how the traffic on the 
tnM road could ’-e 'r -reased as a result of these lower 
tariffs. To dete:Mne drivers reaction to higher toll
rates it was proposed that the curve obtained from the
two former cases be extrapolated to achieve the overall 
~;ult, this method being preferred, for the reason

previously stated, to the alternative of conducting a 
second interview on the toll road.

Having established the requirements cf the survey it was 
concluded that meaningful results on the toll rate/road 
usage relationship could only be achieved for passenger 
vehicles. For heavy vehicles the decision on whether to 
use the toll road or the alternative road would be taken 
not by the driver but rather by the owner, hence the 
drivers reaction to different toll rates would be 
somewhat irrelevant. For this reasion the questionnaire 
was designed specifically with passenger vehicles in 
mind. Interviews with heavy vehicle drivers, using the 
same questionnaire, were still proposed, but in this case 
only questions relating to trip origin, destination, 
frequency etc. would be asked.

In addition it was decided that the race of the driver 
and the vehicle occupancy would be logged in order to 
provide additional information on time cost implications, 
while the age and sex of the driver would also be logged 
for cross tabulation purposes.

Finally, with the knowledge that the interview would take 
place on the alternative road an appropriate site with 
the required sight distance and safe stopping area was



identified. This site was located adjacent to the 
traffic counter at the Old Road Centre Station and as 
such was in the vicinity of the toll plaza. The 
questionnaire design was finalised by taking into account 
the abovementioned requirements and the suvey scheduled 
for Friday 24 August and Saturday 25 August 1984. The 
questionnaire used in the roadside survey is shown on the 
following page.



DEPARTMENT OF TRANSPORT/UNIVERSITY OF THE 
WITWATERSRAND .JOINT RESEARCH PROJECT

ROADSIDE SURVEY FOR TSITSIKAMMA TOLL ROAD

DATE: LOCATION OF SURVEY STATION:

Giod Morning/Afternoon. I am ..........................  from the Department of
Transport, Pretoria. I am involved in research aimed at establishing the public's 
reaction to the toll road. I would appreciate your co-operation in answering a 
few questions.

1. How frequently do you drive along this road?

Every day Once a week Once a month Less than once a month

2 .

3.

4.

What is your destination?

Where are you coming from?

What is the purpose of your journey?
Work Pleasure

5. Why did you NOT use the toll road?

Too expensive Less direct Less scenic Refuse to pay toll Other

6. The present toll rate for a car is R1,50, if the toll was d reased to: 

R1.20 would you use the toll road?

R1,00 would you use the toll road?

R0,80 would you use the toll road?

R0,60 would you use the toll road?

□

□

□
Thank you for you, co-operation. 

Direction of travel

Sex of respondent

Race of respondent

Age of respondent

Vehicle occupancy

Eastbound Westbound

Male Female

Non-white White

Under 30 30 - 60 Over 60

> 4



TRAFFIC COUNTING SURVEY RESULTS

Thn following section describes the alignment of the old road and 
the toll road within the study area and details the results of the 
traffic surveys undertaken on these two roads.

4.1 Road Network (refer Figure 6)

The Tsitsikamma Toll Road, otherwise referred to as National 
Route 2 Sections 8 and 9, begins at a point 21 km east of 
Plettenberg Bay. The road extends eastwards from this point 
crossing the Bobbejaans, Groot and Bloukrans Rivers before 
ending approximately 5 km east of Coldstream. At the crossing 
of the above rivers the now well known Garden Route Bridges 
may be found while at the mid point of this new road, South 
Africa's first toll plaza, in recent times, is situated. The 
plaza is located at the diamond interchange at the crossing of 
the old and new roads. The new road is in total, 28 km long.

Along the complete length of the new road the old road is 
still open to traffic and provides an alternative road of 
scenic beauty. This alternative road traverses two passes, 
the Groot River Pass and the Bloukrans Pass which are also 
well known, the passes being constructed approximately a 
century sgo by pioneer civil engineer, Thomas Bain. The 
old/alternative road is in total, 37 km long.



\
I

I

K.

I,

UJ >~ 1



Existing Traffic Data

In December 1982 the Department of Transport installed a
permanent traffic counter on the old road just east of the
Groot River Pass (refer to Figure 7). Although overall this 
counter proved reliable, the figures from the count were
distorted as they Included the construction traffic which was 
involved in the bridge and road contracts and which also used
the old road. As the counter distinguished between light,
medium and heavy vehicles and did not classify the traffic per 
the envisaged toll classification system and, as it was
necessary to determine the proportion of construction traffic 
recorded, several additional surveys involving the manual
classification of vehicles were undertaken. The results from
all the surveys were then analysed and the following results
derived:

The average annual daily traffic, AADT in 1983 was
e-timated as 1 162 vehicles/day

The average annual daily traffic, AADT (excluding con­
struction traffic) in 1983 was 967 vehicles/day

The composition of the traffic in terms of the toll clas­
sification system was ar, follows:

Class 1 Class 2 Class 3 Class A
85% 6% 3% 6%

The seasonal variation in the above traffic flows are shown in 
Figure A-l, Appendix A.
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Traffic Counting Survey - May 1984

The main objective of the survey prior to the opening of new 
road was to verify the average daily traffic figures ana the 
composition of the traffic initially determined by the DOT.

By examining Figure 6 it can be seen that the*'«ely significant 
development along the old road is concentrated at Natures 
Valley and Coldstream. In order to allow for variations in 
traffic flows die to :hese local generators it was thought 
beneficial to set up three counting stations; one west of 
Natures Valley, one between Natures Valley and Coldstream and 
one east of Coldstream (refer to Figure 7). Results from 
these stations when analysed, would therefore indicate the 
average daily traffic along the entire length of the old road. 
In addition, as the construction traffic from the bridge and 
road contracts had necessitated additional surveys in order to 
ascertain the true ADT at the DOT counter, it was thought 
advantageous to undertake the counts as close as possible to 
the opening date of the new road. At this time the new road 
and bridges, although rot open to the public in general, would 
be open to construction traffic. ThxS construction traffic on 
the new road would therefore not ■interfere wit., the counts on 
the old road.

Although the counting at the three stations was over five days 
only, it should be remembered that the permanent DOT station 
had recorded the traffic flows for everyday in 1983. As the 
objective of the survey was to verify the results of the DOT 
counter the comparison of the five day perio' in 1984, namely 
24 May to 29 May to the same period in 1983, was considered 
adequate for this purpose.

The results obtained from the May 1984 survey were as follows:
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The ADT at the three old road stations showi. In Figure 7, 
for the period 24 May to 29 May 1984 was:

Old Road West Station 
Old Road Centre Station 
Old Road East Station

809 vehicles/day 
714 vehicles/day 
875 vehicles/day

The daily variations in the above traffic flows are shown 
in Figures A-2, A-3, A-4 and Tables A-l, A-2 and A-3, 
Appendix A.

'A

1

The ADT at the DOT station, east of the Groot River Pass, 
for the same time period in 1983 (excluding construction 
traffic) was 733 vehicles/day.

As the old road centre station is the closest station to 
the DOT station and as both stations are situated between 
the two passes the above results show good correlation. 
The DOT concluded that the AADT on the old road in 1983 
(excluding construction traffic) was 967 vehicles/d. y. 
The counts undertaken in May 1984 confirm that this 
figure is realistic, however, it must be noted that the 
figure of 967 vehicles/day is the average total traffic 
between the two passes only, and should not be 
interpreted as the ave age through traffic vn the old 
road. Further surveys are required to determine this 
latter parameter.

The average composition ot the traffic at the three 
stations for the period 24 May to 29 May 1984 was:

Cl ass
887,

Class 7 
7%

Class 3 
2%

Class 4 
3%

The average composition of the traffic recorded at the 
DOT station in 1983 was:

4

s  * »A-



The ADT at the three old load stations shown In Figure 7,
for the period 24 May to 29 May 1984 was:

uld Road West Station 809 vehicles/day
Old Road Centre Station 714 vehlcles/day
Old Road East Station 875 vehlcles/day

The dally variations In the above traffic flows are shown
In Figures A-2, A-3, A-4 and Tables A-l, A-2 and A-3, 
Appendix A.,

The ADT at the DOT station, east of the Groot River Pass, 
for the same time period In 1983 (excluding construction 
traffic) was 733 vehlcles/day.

As the old road centre station Is the closest station to 
the DOT station and as both stations are situated between
the two passes the above results show good correlation.
The DOT concluded that the AADT on the old road In 1983 
(excluding construction traffic) was 967 vehlcles/day. 
The counts undertaken In May 1984 confirm that this 
figure Is realistic, however, it must be noted that the 
figure of 967 vehlcles/day is the average total traffic 
between the l. o passes only, and should not be 
Interpreted as the average through traffic on the old 
road. Further surveys are required to determine this 
latter parameter.

The average composition of the traffic at the three 
stations for the period 24 May to 29 May 1984 was:

Class 1 Class 2 Class 3 Class 4
88% 11 2% 3%

The average composition of the traffic recorded at the
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Class 1 
85%

Class 2 
6%

Class 3 
3%

Class 4 
6%

Although the correlation between the above traffic composi­
tions Is not as good as the correlation between the vehicle 
counts, it should be remembered that the presence of the 
construction traffic on the old road for the greater part of 
the DOT count, did complicate derivation procedures. In some 
instances the construction traffic was not easily identifiable 
and assumptions were required. It is therefore concluded that 
these assumptions introduce the differences found above.

4.4 Traffic Counting Surveys - August 1984

The objective of the counting surveys after the opening of the 
toll road was to determine the average daily traffic figures 
and the composition of the traffic on both the toll road and 
the alternative road. To determine the ADT on the alternative 
road the same three counting stations were used, the duration 
of the count being seven days, namely, 23 August to 30 August 
1984. To determine the ADT and the composition of ths traffic 
on the toll road, the counts from the toll plaza were used. 
Traffic counts for all classes of vehicles on both the through 
road and the four ramps for the month of August were avail­
able.

The results obtained from these two sources are detailed 
below:

The ADT at the three old road stations shown in Figure 7, 
for the period 23 August to 30 August 1984 was:

Old Road West Station 
Old Road Centre Station 
Old Road Fast Station

239 vehicles/day 
119 vehicles/day 
37 7 vehicles/day

A A
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The daily variations in the above traffic flows are shown 
in Figures A-5, A-6 and A-7 and Tables A-4, A-5 and A-6, 
Appendix A.

The ADT on the toll road east and west of the toll plaza 
for the month of August 1984 was 818 vehicles/day and 
784 vehicles/day respectively, the average composition of 
this traffic being:

Class 1 
86,9%

Class 2 
4,9%

Class 3 
2,85%

Class 4 
5,35%

The average daily through traffic on the new toll road 
was 770 vehicles/day, the composition of this traffic 
being:

Class 1 
87,7%

Class 2 
4,9%

Class 3 
2,5%

Class 4 
4,9%

(Additional traffic information collected at the roll 
plaza is shown in Figures A-8, A-9, A-10, A-11 and A-12, 
Appendix A.)

4.5 Comparison between 1983 and 1984 traffic data

From the DOT counter, cast of the Groot River pass, the ADT 
figures for May and August 1983 are as follows: (refer
Figu j A-I, Appendix A)

Total Traffic (vehicles/day) 
Excluding Construction Traffic 
(vehicles/day)

May 1983 August 1983 
983 752

733 655

* 1 —  -



From the traffic information obtained in May and August 1984, 
the ADT figures on the old road and the toll road are as 
follows:

May 1984 August 1984
Old Road 714 m

Toll Road 784
Totals 714 903

Since the combined ADT figures cn the old road and the toll 
road for August 1984, are approximately 40% higher than those 
on the old for August 1983 it would appear that the
opening of the toll road has resulted in an incredible amount 
of generated traffic. Since the percentage increase is so 
high however 1 is appropriate not to draw any conclusions at 
this stage. In all probability thi t effect is more short-term 
and is the result of curiosity over the three Garden Route 
Bridges and South Africa's only toll road.



i'VLELD TEST RESULT:-

Sect: ion S,'J details tin results ui. the field tests undertaken 
between the 26th and 29th August 1983. A comparison between these 
results and those used in the project feasibility stage, namely, 
the results from the RODES 2 programme. is also included.

'.he Results from the Field Tests

previously outlined the decision on route choice is based, 
: the most part, on a comparison between the fuel that will

< used and the time that the journey will take. From the
casurements taken on the field tests on the old read and the
toll road at the Tsitsikamma, the differences in fuel us^o and
1ime taken were rc led as follows:

VEHICLE
TYPE

VEHICLE CLASS 
PER TOLL CLAS­

SIFICATION

TIME SAVINGS 
(MINS)

FUEL SAVINGS 
(LITRES)

CAR
1600 cc

14,93 0,90

CAR
2000 rc

15.30 1,02

A % 2 TRUCK 
UNLOADED 
G.M. 6,2t

19,53 2,90

4 x 2 TRUCK 
LOADED
G.M. 14,2t
.........

2 38,18 5,65

5 AXLE ARTTC 
UNLOADED 
G.M. 15,8 t

> 23,70 12,00

3 AXLE AR7TC 
LOADED 
G.M. 38,8 t:

• 58,91 17,80

TABLE 1

RESULTS FROM FIELD TESTS



F IE L D  TEST KESUL1.

Section s.u detain- ' n- teavi!.. , ^ -  — ...
between the 26th and 29th August 193?. \ comparison between then
results and those used in the project- feasibility stage, n.amon , 
the results from the 6ODES 2 programme, if alsr included.

5.1 The Results from the Field Teste

As previously outlined the decision on * out* cnolc. '
for the most part, on a comparison between the fuel tnat w n  
be used and the time that the journey will take. From »v 
measurements taken on the field tests on the old road and the 
toll road at the Tsitsikamma, the differences in fuel used and 
time taken were recorded as follows:

VEHICLE
TYPE

VEHICLE CLASS 
PER TOLL CLAS­

SIFICATION

TIME SAVINGS 
(MINS)

FUEL SAVINGS j 
(LITRES) !

CAR
1600 cc

1 14,93 0,90

CAR
2000 cc

1 15,30 1,07
i

----------------------------J

4 x 2  TRUCK 
UNLOADED 
G.M. 6,2t

2 19,53
!

2,90 j

4 x 2  TRUCK 
LOADED 
C.M. 14,2t

2 38,18 5,65

5 AXLE ARTIC 
UNLOAD FX 
G.M. 15,8 t

4 23,70 12,00

5 AXLE ARTIC 
LOADED 
G.M. 38,8 t

4 58,91 17,80

TABLE 1 

RESULTS FROM FIELD TESTS



Calculation of the Perceived Travel Cost Saving

Since this report proposes that different components be used 
to establish the perceived cost of travel for heavy vehicles, 
than those used in the project feasibility stage, the 
perceived cost of travel for all vehicles will be derived by 
both of the following methods:

The method proposed by this report
The method used in the project feasibility stage

In addition the results derived in the project feasibility 
stage are also included for comparative purposes.

(a) The method proposed by this report - Method A

The following rates are used in conjunction with the 
results from the TEL given in Section 5.1.

Class 1 Fuel 59,6 cents/litre
Occupants Time 8,00 Rand/hour

The figure of R8,00/h was based or rates for occupants 
time from the NITRR*^ and supplemented with information 
on vehicle occupancy, trip purpose and race of driver 
from other rural road toll studies in South Africa (refer 
to Appendix B for detailed calculations).

Class 2 Fuel
Occupants Time 
Oil
Tyre Wear
Variable Maintenance

59,0 cents/litre 
4,20 Rand/hour
1.2 cents/km
5.3 cents/km 
12,7 cents/km

Class 4 Fuel 59,0 cents/litre
Occupants Time 9,20 Rand/hour
Oil 1,9 cents/km
Tyre Wear 16,0 cents/km
Variable Maintenance 14,1 cents/km



The results for the perceived cost of travel are there­
fore as follows:

VEHICLE
TYPE

VEHICLE 
CLASS 
PER TOLL 
CLASSIFI­
CATION

TIME
SAVINGS
(RAND)

FUEL
SAVINGS
(RAND)

DISTANCE SAVED 9 KM TOTAL
SAVING

OIL
SAVINGS
(RAND)

TYRE
SAVINGS
(RAND)

VARIABLE
MAINTE­
NANCE
SAVINGS
(RAND

(RAND)

CAR
1600 cc

1 1,99 0,54 N/A N/A N/A 2,53

CAR
2000 cc

1 2,04 0,61 N/A N/A N/A 2,65

4 x 2
TRUCK
UNLOADED

2 1.37 1,71 0,11 0,48 1,14 4,81

4 x 2
TRUCK
LOADED

2 2,67 3,33 0,11 0,48 1.14 7,73

5 AXLE
ARTIC
UNLOADED

4 3,63 7,08 0, 17 1,44 1,27 13,59

5 AXLE
ARTIC
LOADED

4 9,03 10,50 0, 17 1,44 1,27 22,41

TABLE 2
PERCEIVED TRAVEL COST SAVING - PREFERRED APPROACH 
USING MEASUREMENTS OBTAINED FROM FIELD TESTS

(b) The method used In the project feasibility stage - 
Method B

The following rates are used in conjunction with the 
results from the TEL given in Section 5.1.



Class 1 Fuel 59,6 cents/litre
Time 4,00 Rand/hour

Class 2 Fuel '-9,0 cents/litre
Time 8,00 Rand/hour

Class 3 Fuel 59,0 cents/litre
Time________________ 26,80 Rand/hour

VEHICLE
TYPE

VEHICLE 
PER TOLL 
CLASSIFI­
CATION

TIME
SAVINGS
(RAND)

FUEL
SAVINGS
(RAND)

TOTAL
SAVINGS
(RAND)

CAR
1600 cc

1 1,00 0,54 1.54

CAR
2000 cc

1 1,02 0,61 1,63

4 x 2  TRUCK 
UNLOADED

2 2,60 1,71 4,31

4 x 2  TRUCK 
LOADED

2 5,09 3,33 8,42

5 AXLE ARTIC 
UNLOADED

4 10,59 7,08 17,67

5 AXLE ARTIC 
LOADED

4 26,31 10,50 36,81

TABLE 3
PERCEIVED TRAVEL COST SAVING - FEASIBILITY REPORT APPROACH 

USING MEASUREMENTS OBTAINED FROM FIELD TESTS

(c) The results derived In the project feasibility stage - 
Method C

In the project feasibility stage the same rates as given 
in Section 5.2(b) were used. The savings In fuel 
consumed and time taken were however obtained from the 
RODES 2 programme. The results were as follows:



VEHICLE
TYPE

VEHICLE 
CLASS 
PER TOLL 
CLASSI­
FICATION

TIME
SAVINGS
(MINU­
TES)

FUEL
SAVINGS
(LIT­
RES)

TIME
SAVINGS
(RAND)

FUEL
SAVINGS
(RAND)

TOTAL
SAVINGS
(RAND)

CAR 1 13,a 1.21 0,92 0,72 1,64

TRUCK 
G.M, 8t

2 16,9 4,24 2,25 2,50 4,75

TRUCK 
G.M. 25t

■t 27,9 11,98 12,48 7,07 19,55

TABLE 4
PERCEIVED TRAVEL COST .SAVING - FEASIBILITY REPORT APPROACH 

USING RESULTS OBTAINED FROM RODES 2 PROGRAMME

Cotnpar'son of Results

The value of the perceived travel cost savings when derived by 
the three different methods tre summarised in Table 5. To 
enable further comparisons between the TEL results and the 
ROD EC 2 results, the speed profiles measured by the TEL and 
calculated by the RODES 2 programme are shown in Figures 8, 9, 
10 and 11. Other profiles, namely, acceleration vatc:. w.r.t. 
time and distance w.i .t. time, which were obtained f i run the 
TEL but which are not available from the RODES 2 programme are 
included in Appendix B.
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M E T H O D CLASS i CLASS 2 CLASS 4
UNLOA­
DED

LOADED
uj 

°>s
s§° LOADED

A. METHOD PROPOSED 
BY THIS REPORT R2.53 to R2.65 R4.81 R7.73 R13.59 R22.41

B. FEASIBILITY ME­
THOD & TEL R1,54 to Rl,61 R4.31 R8,42 R17.67 R36.81

C. FEASIBILITY ME­
THOD & RODES 2 R1.64 R4, 75 R1S'.55

TAPLE 5 
COMPARISON OF RESULTS

On analysing the results the following is concluded:

(a) Passenger Car, Class 1

The individual components of the perceived saving, 
namelv, the furl saving (litres) and the time saving 
(minutes) do differ slightly, however, but this is only 
to be expected as different drivers "trade off" the 
benefits of reduced time against increased fuel consump­
tion and vice versa. Any difference in the value of the 
total saving is due to the different time costs used by 
the individual methods.

On comparing the speed profiles obtained from the two 
methods it can be seen that the speeds on both the toll 
road and the old/alternative road from RODES 2 are 
slightly lower than those from the TEL. The other 
characteristics are however very similar.
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(b) Medium Trucks, Class 2

The measured values of the perceived travel cost saving 
vary from + R4,80 for the unloaded vehicle to + R7.70 for 
the loaded vehicle. The perceived travel cost saving 
calculated in the project feasibility stage, namely, 
R4.75 would therefore appear to be applicable to an 
unloaded Class 2 vehicle. Since this report recommends 
Method A as the preferred approach, it is concluded that 
the average perceived saving for a Class 2 vehicle is 
f 86,/!), this being based on a 2:1 ratio of ladened trips 
'o unladened trips*^,

(c) Heavy Trucks, Class 4

The measured values of the perceived travel cost saving 
vary from + R13.60 for the unloaded vehicle to + R22,40 
for the loaded vehicle The average perceived saving is 
therefore + R19,50. For this vehicle type the perceived 
saving calculated during the project feasibility stage is 
almost identical, * e. R19,55, even though the costs used 
in the two methoua are significantly different. It is 
interesting to note that the perceived saving for a 
loaded vehicle when calculated by the feasibility stage 
method but using measurements from the field tests is 
R36,81. This figure appears unrealistically high and 
suggests that the time costs used during the project 
feasibility stage should be examined more closely.



'■ ‘■it . i . : i ii■ ■; • ! i ■ m .i:, idt■ -,urvi;y on the factors
!| • iir.i.iieni:v rout' • : h > i  pfuuented below. Only by obtaining

Knowledge .>n ill these ‘actors can the Importance of one, namely
' o I 1 rate, he tul lv i.indf» rstoon .

'<ample Size

•itheugb it was Initially recommended that a two day survey be 
implemented, severe weather conditions on the second day 
resulted in the Interview being carried out on one day only, 
namel y ,  iriday the 24th August 1984. Fortunately the results
obtained from the one day survey were so conclusive that

k-2 SUltti

the in-' hundred interviews undertaken the reasons for this 
1 I being on the alternative road were as follows:

i

lit tie additional benefit could have been gained if the survey ??
ha! lasted the planned two dnvs.

'The duration of the survey on the Friday was for 9 hours
between 09h00 and 18h00, all tr.v - ic in both directions was I
interviewed. Tills resulted in one hundred interviews being ^
undertaken. it

I



Number

(a) Traffic from outside the study area 
whose destination was on the alter­
native road 34

(b) Through traffic needing to stop at 
locations along the alternative
road 9

(c) Local traffic whose origin and 
destination was on the alternative
road 12

(d) Tourist traffic using the alter­
native road because of its scenic
beauty 3 3

(e) Traffic as a result of drivers
having no money to pay the toll 8

(f) Traffic as a result of drivers 
refusing to pay any toll no matter
what the toll rate 1

(g) Traffic as a result of drivers 
refusing to pay the specific
tell rate employed 1

(h) Vehicles where the driver
refused to answer 2

% of
Total
Completed
Questionnaire:

34,/f

9.27

1 2 ,2%

33,7%

8 ,2%

1 ,0%

1 ,0 ?

TOTAL 100 100%

6.3 Conclusions

Although the sample size was small, it is evident that only a 
small percentage of the traffic on the alternative road, is 
using this road because of the toll imposed on the new road. 
Only ten questionnaires i.e. those from e, f and g above, of 
the ninety eight completed questionnaires or just over 10% of 
the traffic on the alternative road, uses the alternative road 
for reasons related to the toll on the new road.
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7.0 ANALYSIS OF ALL RESULTS

The results detailed In Sections 4.0, 5.0 and 6.0 are collectively 
examined in the following section in order to estimate the 
following:

(a) The average daily through traffic on the new road for the 
month of August 1984 if no toll had been imposed.

(b) The present diversion in traffic due to the toll rates
presently imposed.

(c) The relationship between road usage, toll rate and the per­
ceived travel cost saving.

(d) The toll rates which will maximise the revenue.

7.1 The Average Daily Through Traffic at Zero Toll

From Section 4.4, the average daily through traffic on the
toll road for the month of August was 770 vehicles/day and the
average daily total traffic on the alternative road at the Old 
Road Centre Station was 1 19 vehicles/day. From Section 6.2, 
10,22 of the vehicles on the alternative road i.e. 12 
vehicles, used this road because a toll was levied on the new 
road. It is therefore concluded that the average daily 
through traffic on the new road for the month of August would 
have been 782 vehicles/day if this road had not been tolled.

7.2 The Present Diversion in Traffic

The results from Section 7.1 conclude that the present 
diversion in traffic due to the toll is 1,52 (12/782 x 100). 
Although values have also been derived for the three vehicle 
classes investigated, . mely, Class 1 12, Class 2 5% and

A. k. a— a
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Class 4 10%, the small sample obtained throws doubt on the 
accuracy of these results. There can be no doubt however that 
diversion rates in general are very low.

7.3 The Relationship Between Road Usage, Toll Rate and Perceived 
Travel Cost Saving

The roadside Interview showed that only a handful of vehicles 
use the alternative road because of the toll on the new road 
and that most of these tiips vere a result of drivers having 
no money and not because of the specific toll rate imposed, as 
a result, no actual diversion rate at any other toll rate can 
be calculated. The knowledge obtained does however enable a 
diversion curve to be postulated on the following basis:

From overseas experience it would appear the diversion curve 
should have the following form:

1
1 + (*7 )" P

Four unknowns are present in the above equation, however, in 
this study measurement or knowledge of three of these 
components, namely, A, t and p, has bean obtained. For the 
three vehicle classes investigated the following calculations 
have therefore been included with the aim of determining what 
value n must have to satisfy the equation.

Class 1 Vehicles

1

P = 0,99, t = K1 ,50 & p - R2,fi5, therefore n ■ 8,1

i

^    * * -- - - -  —



Class 2 Vehicles

P ■ 0,95, t - R4,00 & p - R6,75, therefore n ■ 5,6 

Class 4 Vehicles

P ■ 0,90, t ■ R15.00 & p = R19,50, therefore n - 8,4

Using the traffic composition figures from Section 4.4 for 
through traffic on the toll road in August 1984, the weighted 
average value of n is 8,0 and therefore the formula most 
applicable for diversion due to toll at the Tsisikamma Toll 
Road is

P - I

Toll Rates for Maximum Revenue

Using the method employed in Section 3.2 and a value of n of 
8, the toll rates which achieve the maximum revenue are equal 
to 0,784 p. These toll rates, "rounded off" to enable a 
quicker money exchange at the plaza and the toll rates 
presently in use are as follows:

Proposed by 
this Report

Present Rates

Class 1 R 2,00 
R 5,00 
R15.00

R 1,50 
R 4,00 
R15.00

Class 2
Class 4

If the toll rates proposed by this report were introduced, it 
is anticipated that the gross revenue would increase by 
approximately 127. p.a.



Class 2 Vehicles

P ■ 0,95, t - R4,00 & p - R6.75, therefore n ■ 5,6 

Class 4 Vehicles

P - 0,90, t * R15,00 & p = R19.50, therefore n - 8,4

Using the traffic composition figures from Section 4.4 for 
through traffic on the toll road In August 1984, the weighted 
average value of n Is 8,0 and therefore the formula most 
applicable for diversion due to toll at the Tsl. xkamma Toll 
Road is

P - 1

Toll Rates for Maximum Revenue

Using the method employed in Section 3.2 and a value of n of 
8, the toll rates which achieve the maximum revenue are equal 
to 0,7fi4 p. These toll rates, "rounded olf to enable a 
quicker money exchange at the plaza and the toll rates 
presently in use are as follows;

Proposed by 
this Report

Present Rates

Class 1 R 2,00 
R 5,00 
R15.00

R 1,50 
R 4,00 
R15,00

Class 2
Class 4

If the toll rates proposed by this report were introduced, It 
is anticipated that the gross revenue would increase by 
approximately 12% p.a.



DISCUSSION

The method used in this report to determine the relationship 
between toll rate and road usage is simple and straightforward in 
its approach and, in general, has been successful. Problems which 
were encountered at the Tsitsikaiuna Toll Road were mainly due to 
the vast difference in road standards between the alternative road 
and the toll road and the relatively small traffic volume in the 
corridor. The vast difference in road standards led to relatively 
little diversion, and as the total traffic vrlumes in the corridor 
v. re not large initially, few vehicles, less than 12 per day, 
diverted because of the toll. To achieve more accurate estimates 
on the road usage/toll rate relationship, roadside interviews 
spanning several weeks would have been required, unfortunately for 
this study, surveys of this duration were not possible. Since 
future toll roads, which are presently being planned, do not have 
the same problems it this regard, it is anticipated that the method 
used herein would be far more* successful if used on these projects 
when opened.

In analysing the information obtained iron the different surveys it 
was necessary, in certain instances, to sup; -ment this information 
with general information from other n-going rural toll road 
feasibility studies and/or general statistics supplied by the 
NITRR. In an effort to overcome this shortcoming any further work 
in this field should endeavour to obtain more specific information 
on the ratio of ladened to tinladened trips undertaken by heavy 
vehicles, the occupancy of vehicles on both the alternative road 
and the toll rord and the purpose of all trips be they on the 
alternative road or the toll road.

The ratio of ladened to tinladened heavy vehicle trips is especially 
important in the vase where the alternative road is of a reasonably 
high standard. Although this was not the case at the Tsitsikamna, 
it is obvious that an alternative road of high standard could 
result in a large diversion of unladened vesicles, if toll rates



were based on the benefits for a fully ladened vehicle or even an 
"average" ladened vehicle. Since statistics from the NITRR show 
that, in general, the ratio of ladened to unladened trips is 2:1, 
and since it is known that approximately 50% of the gross revenue 
collected is derived from heavy vehicles, this possible diversion 
in unladened vehicles giver cause for concern. For this reason one 
would like to witness greater liason with the Public Carriers 
Association and other independent fleet owners, to ensure that toll 
tariffs for heavy vehicles correctly reflect the benefits they 
perceive.

With regard to passenger vehicles it is obvious that the majority 
of the benefit consists of time cost savings. The hourly time cost 
rate proposed therefore plays the important role in determining the 
value of the toll rate levied. The time cost rate used in this 
study is considerably higher than that used in the feasibility 
study i.e. R8,00/h as opposed to R4,00/h, however a valid case for 
the former rate appears to exist, since vehicle occupancy, trip 
purpose and race of driver were all considered in its derivation. 
A time cost rate of R4,00/h seems therefore more appropriate as an 
average rate for one individuals time but would appear conservative 
when attempting to derive the total time costs of all occupants and 
the purpose of the trip being undertaken.

Since the diversion curve derived for this study is similar to that 
presently used in toll road feasibility studies, it is important to 
note that the components and value of the perceived cost of travel 
for the different vehicle classes used by the two studies is very 
different. The use of the feasibility studies perceived travel 
costs in conjunction with the diversion curve derived by this study 
would therefore be incorrect.
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9.0 CONCLUSIONS

The toll rates presently levied at the Tsltslkamma Toll Road cause 
only 1,5% of the through traffic to divert to the alternative road. 
Since the diversion rate is negligible, virtually no lost economic 
benefit Is experienced due to the toll.

The toll rates presently levied do not derive the maximum gross 
revenue possible from the facility; to artain this objective the 
toll rates (in 1984 Rand) should be increased to the amounts shown 
below:

(As no field tests were undertaken with any Class 3 vehicle, no 
results for this vehicle class are available.)

If the above toll rates were introduced, it is concluded that the 
gross revenue would increase by approximately 12% p.a., however, 
since the present toll rates result in virtually no lost economic 
benefit any motion recommending an increase in toll rate to the 
amounts shown above, should carefully consider the advantages of an 
increased revenue against the disadvantage of an increased lost 
economic benefit.

From overseas experience and from the work undertaken for this 
study, it would appear that the most appropriate diversion curve 
for the Tsitsikamma Toll Road is as follows:

Class 1 R 2,00 
R 5,00 
R15.00

Class 2
Class 4

P - 1
i + (Vp)8



where P is  the proportion of t r a f f ic  using the t o l l  road 
t  la  the t o l l  rate charged
p is  the perceived saving in tra v e llin g  coat of the t o l l  

road over the a lte rn a tive  road

I f  the above curve la  to be used in further analyses on the T e ite i-  

kamma T o ll Road i t  is  important to note that the values of the 

perceived b e n e fit, p, for a l l  vehicle classes, derived in th is  

study are s ig n ific a n tly  d iffe re n t to those values presently used in  

t o l l  fe a s ib il ity  studies in South A frica . Use of the la t te r  values 

with the above diversion curve would therefore be incorrect.
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DERIVATION OF TIME COST FOR CLASS 1 VEHICLES

From traffic observations carried out at the Tsitsikamma and other 
prospective rural toll road sites, the following was concluded:

(a) Percentage of cars driven - by whites 87,5%
- by non-whites - 12,5%

(b) Trip purpose - pleasure - 40%
-non-pleasure - 60%

(c) Occupancy-pleasure (drivers time only) ■ 1 No
- non-pleasure » 1,3 No

For every 100 vehicles the distribution is as follows:

White Non-white
Pleasure Non-pleasure Pleasure Non-pleasure 

34 53 5 8

Occupancy 1,0 1,3 1,0 1,3
Total num­
ber of tine 
related
occupant s 34 69 5 10

NITRR rates 
escalated 
to August
1984 R 2,07 R 8,28 R 0,61 R 2,42

Cost sub­
total R7P.38 R571.32 R 3,05 R24.20

Convenience 
2C" of time
cost R14.08 R114.26 R 0,61 R 4,84
Total time 
and conve­
nience cost 
for lOi
vehicles R84.46 R685.58 R 3,66 R29.04
Cost for one 
vehicle R8,03
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